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Introduction



Over the past 15 years, countries throughout sub-Saharan Africa have abolished school fees for primary education (UNESCO, 2015). These policies have been shown to increase educational attainment across a variety of contexts and among the most vulnerable populations.1 Free primary education programs also coincided with the rapid increase in the region’s net primary enrollment rate from 59% in 1999 to 79% in 2012 (UNESCO, 2015).2 A small number of countries have recently expanded their free education systems to include secondary school.3 Whether these supply side policies are sufficient to increase educational attainment at the secondary school level remains to be seen. There are a number of reasons why we might expect a more muted demand response to free secondary education programs than has been observed for free primary education programs. First, the opportunity cost of schooling is likely to increase with child age, so that the opportunity costs of attending secondary school will typically exceed those of attending primary school.4 Second, these opportunity costs may be particularly important in settings with low returns to secondary education, where it may be optimal for individuals to forgo secondary schooling entirely: in contexts where secondary schooling does not increase cognitive skills, the returns to education are likely to be low, and the demand response to a free secondary education policy is likely to be small.5 Even in contexts where secondary schooling does increase cognitive skills, it may still be optimal to forgo schooling if the expected demand for secondary school graduates is low. Third, parents may be responsible for selecting the schooling level of the child but may not have incentives fully aligned with the child’s long-term earnings potential (Baland and Robinson, 2000). In this case, parents may be less responsive to a free secondary education policy, opting instead to enter the child into the labor market. Finally, individuals or parents may underinvest in secondary schooling if they are misinformed about the returns to further schooling (Jensen, 2010).6 This may be particularly important at the secondary school level in areas with low educational attainment, and where the community perception of the value of secondary education may be low. If access to free secondary 1



See, for example the analysis of programs in Kenya (Lucas and Mbiti, 2012), Malawi (Al-Samarrai and Zaman, 2007), Tanzania (Hoogeveen and Rossi, 2013), and Uganda (Deininger, 2003; Grogan, 2009; Nishimura, Yamano, and Sasaoka, 2008). 2 For a broad review of interventions targeting schooling access and quality, including easing financial constraints, see Murnane and Ganimian (2014) and Petrosino, Morgan, Fronius, Tanner-Smith, and Boruch (2012). The global net enrollment rate rose from 84% to 91% between 1999 and 2012. 3 Secondary school fees were eliminated in Uganda (2007), Rwanda (2007, 2012), Tanzania (2016), for girls in The Gambia (2001-2004), and selectively for schools in relatively poorer areas in South Africa (2007). 4 All countries in sub-Saharan Africa, except Liberia and Somalia, have ratified the International Labour Organization’s Minimum Age Convention (1973) mandating minimum ages of labor market participation between 14 and 16. 5 While it is generally the development of cognitive skills, and not schooling attainment, that is important for individual earnings (Hanushek and W¨ oßmann, 2008), recent evidence has found relatively low returns to additional schooling when credentials are held constant, implying a large signaling benefit (Eble and Hu, 2016). 6 There are a number of behavioral reasons one might underinvest in education, such as present bias, overemphasis on routine, and projection bias (Lavecchia, Liu, and Oreopoulos, 2015).
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education does increase educational attainment, then we might expect such a policy to impact a range of demographic and economic outcomes. Increased educational attainment is likely to have broad demographic impacts; Schultz (1993) describes the negative relationship between parental education and fertility as “one of the most important discoveries in research on nonmarket returns to women’s education.” There are three main mechanisms through which education is likely to impact fertility (Ferr´e, 2009). First, secondary school students may learn about contraceptive methods leading to lower rates of unintended pregnancies. If women are getting pregnant earlier than they would like, this knowledge could help them delay pregnancy until they are ready. Second, education may shift preferences towards fewer, higher quality children (Grossman, 2006). Third, if having a child precludes the mother from continued schooling, young women may delay sexual activity to ensure that they can finish their schooling. Regardless of the mechanism, delaying age of first birth and lowering desired fertility could have long term benefits for the mother and child. Childbearing at a young age and high total fertility have been linked to deleterious impacts on both the mother and child, including higher morbidity and mortality, lower educational attainment, and lower family income (Ferr´e, 2009; Schultz, 2008).7 Additional education is also likely to impact labor market outcomes (Hanushek and W¨oßmann, 2008; Heckman, Lochner, and Todd, 2006; Goldberg and Smith, 2008). Potential impacts of education on occupational choice may be particularly important as labor flows from low productivity sectors to high productivity sectors have been shown to be a key driver of development (McMillan and Rodrik, 2011; McMillan, Rodrik, and Verduzco-Gallo, 2014). Free secondary education policies may stimulate economic growth if they provide the cognitive skills required for occupations in higher productivity sectors. An important caveat is that lowering the cost of education may adversely impact student learning. A rapid influx of students together with an inelastic supply of education inputs may dilute per-student resources.8 If these inputs enter positively into an education production function, a dilution is likely to decrease student achievement.9 Additionally, lowering the cost of schooling may induce lower-ability students to attend secondary school, decreasing average peer quality. In the presence of positive peer effects, this would lower student learning. An impact on academic achievement, as measured by test scores, combines a deterioration of per-student resources with a change 7 The longer terms impacts of women delaying marriage is more nuanced. Delaying marriage without an accompanying increase in educational attainment has been shown to lead individuals to partner with lower cognitive ability spouses. In contrast, individuals who delayed marriage while also increasing their schooling attainment have been ¨ shown to partner with more educated husbands (Baird, McIntosh, and Ozler, 2016). 8 Teacher supply has been shown to be a constraint at the primary school level in developing countries where there are relatively few secondary school graduates to teach future students (Andrabi, Das, and Khwaja, 2013). Teacher supply at the secondary school level may be particularly inelastic as a result of small tertiary education systems; countries in sub-Saharan Africa have an average tertiary education gross enrollment rate of 6% (UNESCO, 2010). 9 The distribution of a fixed supply of teachers within a national school system contrasts with some of the U.S. research on exogenous increases in the number of students. For example, an influx ‘Katrina children’ had little impact on per-student resources due to displaced teachers entering the same school systems as displaced students leading to no impact on non-evacuee students’ learning (Imberman, Kugler, and Sacerdote, 2012).
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in the composition of the student body. An increase in test scores indicates that the price decrease enabled high performing, credit-constrained individuals to attend secondary school, overcoming the negative impact of a dilution of resources. This paper examines the impacts of a national free secondary education (FSE) program in Kenya on educational attainment and achievement, and uses the program as an instrument to examine the impact of education on fertility behaviors and labor market outcomes. There are three primary contributions of this paper. First, I present the first evaluation of a national secondary school fee elimination program implemented without gender or socioeconomic eligibility restrictions. Second, I present new evidence on the impact of secondary education on both labor and non-labor market outcomes. Finally, I compile and use new data on educational achievement at the individual level for all students who completed secondary school to evaluate the impact of the policy on academic performance. My identification of causal impacts exploits region and cohort-specific variation in the treatment intensity of individuals exposed to the program. Regional variation in treatment intensity stems from heterogeneous pre-program primary to secondary school transition rates across Kenya: regions with low pre-FSE primary to secondary transition rates experienced larger increases in secondary schooling rates as a result of the program.10 The cohort variation arises from the timing of the program: individuals above secondary schooling age at the time of the program’s implementation in 2008 would have had to return to school to take advantage of FSE rather than simply continue their schooling from primary to secondary school. I use these sources of variation to measure the impact of FSE on educational attainment using a difference-in-differences framework. There are two main assumptions underlying this approach. First, variation in pre-program primary to secondary transition rates should be attributable to unchanging characteristics of the counties and second, the pre-FSE time trends across high and low transition rate counties should be the same. Under these assumptions, the identification strategy differences out the structural region and cohort differences yielding a consistent measure of program impact. I present evidence indicating that these assumptions are likely to be satisfied in this setting. I demonstrate that the pre-program treatment intensity measures are highly correlated across time indicating that differences across counties in primary to secondary transition rates are due to structural rather than transitory factors. I also show long term pre-program common trends across high and low treatment intensity regions and, as a robustness test, explicitly control for potentially confounding region specific trends. As my analysis exploits variation in primary to secondary transition rates rather than the proportion of the population with any secondary schooling, I require a further assumption that FSE did not differentially change the composition of primary school completers across treatment intensities. I present analogous difference-in-difference estimates to demonstrate that FSE intensity 10



The transition rate is unrelated to overall county educational attainment. Rather, it measures the proportion of students who progress to start secondary school after finishing primary school. Thus, high transition rates can arise in counties where only a small fraction of a cohort completes primary school but where most of the completers then subsequently start secondary school.
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is uncorrelated with changes in the probability of completing primary school.11 My difference-in-difference estimates indicate that FSE increased educational attainment and, contrary to concerns expressed in the local media, had no significant detrimental impacts on the academic achievement of students. At the mean county intensity, the program is estimated to have increased schooling by 0.8 years of education, with similar results by gender, indicating that the program was successful at inducing students to continue to secondary school. There is also suggestive evidence that the program increased the proportion of students completing secondary school, although this result is not significant across all specifications.12 Building on the demonstrated impact of FSE on educational attainment, I then use exposure to the FSE program as an instrumental variable to measure the impact of education on a variety of fertility behaviors. This instrumental variables approach is most closely related to that of Keats (2014) and Osili and Long (2008) who examine the impact of free primary education on similar variables in Uganda and Nigeria respectively. My results suggest education causes large delays for age of first intercourse (10-20% at each age) and age of first marriage (50% at each age) for each age between 16 and 20. Additional education is estimated to have no impact on the probability of first birth before age 18, but decreases the probability of a first birth before ages 19 or 20 by approximately 32%. Despite impacts on probability of first birth, I find no evidence that education decreased desired fertility or increased contraceptive use. This suggests that the primary mechanism through which education acted on fertility behaviors is through a confinement effect whereby women delay intercourse to ensure that they can continue their schooling. Using the same instrumental variables approach, I also use exposure to the FSE program to examine impacts of education on labor market outcomes. My estimates show that post-primary education shifts young women into more productive sectors: decreasing the probability of agricultural work and increasing the probability of skilled labor while potentially delaying entry into the labor force. This paper contributes to several literatures. First, it connects with the growing literature on the impact of education on non-market outcomes. While recent empirical work in both the United States and Cambodia found little evidence that education increased the age of first birth (McCrary and Royer, 2011; Filmer and Schady, 2014), empirical work from developing countries in East Africa has found that secondary schooling has significant impacts on child bearing decisions (Baird, ¨ Chirwa, McIntosh, and Ozler, 2010; Ferr´e, 2009; Ozier, Forthcoming). These divergent findings 11



Using the primary to secondary transition rate and focusing on the sample of primary school completers should provide additional power as it restricts attention to individuals who are likely to be affected by the program; that is, students who do not attend primary school are unlikely to change their behavior as a result of the program. I confirm that the results are robust to defining the intensity based on the proportion of the population with any secondary schooling. 12 I run a falsification test where I assume that the program was implemented five years before its actual implementation and demonstrate that, as expected, the hypothetical program had no significant impacts on educational attainment.
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suggest that impacts may be conditional on high fertility levels.13 My results also contribute to the literature examining the impacts of formal education on labor market sector.14 Earlier studies, focusing on outcomes for men, have found that education increases the probability of wage work (Duflo, 2004) and decreases the probability of self-employment (Ozier, Forthcoming). My results for women compliment this earlier work: while I find no impact on wage work or self-employment, I find that education shifts women across sectors, decreasing the likelihood of working in agriculture and increasing the probability of skilled work. I also provide new evidence on the impact of a free secondary education programs on academic attainment, building on recent studies in a range of contexts (Gajigo, 2012; Garlick, 2013; Lucas and Mbiti, 2012; Barrera-Osorio, Linden, and Urquiola, 2007).15 These studies have found that the programs are successful at enrolling additional students although the magnitude of estimated effects has varied widely with larger impacts typically stemming from lower income countries. To date, the literature has not examined a national FSE program that was offered unconditional on gender or socioeconomic status. Examining a policy that targeted both males and females might be particularly important if the price elasticity of demand varies across gender. Finally, my results also contribute to the related but smaller literature examining the causal impacts of free education policies on educational achievement. This recent empirical work suggests an optimistic ability of countries to rapidly expand access through free education programs without negative achievement impacts. Evaluations of large scale primary education programs have been able to rule out broad negative impacts (Lucas and Mbiti, 2012; Valente, 2015), while a smaller secondary school program in The Gambia was shown to increase achievement (Blimpo, Gajigo, and Pugatch, 2015). The literature has yet to examine the impact of a secondary school program at the scale of the Kenya FSE, or one that impacted the cost of schooling for both males and females. The absolute size of the secondary school system may be important; there were over 1.3 million students in the Kenyan secondary school system at FSE implementation, potentially limiting the ability of policy makers to target attention or resources towards mitigating quality declines. Subsequent sections of this paper detail a model of schooling, credit constraints, and fertility (section 2), provide a background of Kenya’s education system (section 3), describe the data (section 4), examine the impact of FSE on educational attainment (section 5), examine the impact of FSE on fertility and occupational choice (section 6), present reduced form results examining the impact of FSE on student achievement (section 7), and conclude (section 8). 13



An ongoing randomized evaluation of secondary school scholarships in Ghana will examine the impacts on incomes, health, and fertility outcomes as described in Duflo, Dupas, and Kremer (2012). Preliminary data from the evaluation has been used to examine the impact of school management on academic outcomes Dupas and Johnston (2015). 14 A related but distinct literature examines the impact of vocational education programs on labor market outcomes (Attanasio, Kugler, and Meghir, 2011; Bandiera, Buehren, Burgess, Goldstein, Gulesci, Rasul, and Sulaiman, 2014; Card, Ibarraran, Regalia, Rosas-Shady, and Soares, 2011). 15 There is a related literature demonstrating the sensitivity of schooling behaviors to programs that lower either basic household costs, such as school feeding programs (Kremer and Vermeersch, 2005), or ancillary education costs, such as school uniform subsidies (Duflo, Dupas, and Kremer, 2015; Evans, Kremer, and Ngatia, 2012).
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2



School Attainment, Credit, Ability, and Fertility



I motivate the analysis using a stylized model of human capital investment and child-bearing adapted from Lochner and Monge-Naranjo (2011) and Duflo, Dupas, and Kremer (2015). The model presents conditions under which the expanded access resulting from free secondary education leads to changes in academic performance, depending on credit constraints and the ability level of the students induced by the program to enroll in secondary school. Incorporating child-bearing, I illustrate that free secondary education should lead to decreased levels of risky behaviors that preclude attaining further education.



2.1



Basic model



Consider a two-period model where a primary school graduate can either enter the labor force in period 0, or continue to secondary school and delay entry into the labor force until period 1. Preferences are over consumption in the two periods: U = u (c0 ) + δu (c1 )



(1)



where u (·) is the period utility function with u0 (·) > 0, u00 (·) < 0, ct is period t consumption, and δ is a discount factor. Individuals inelastically supply one unit of labor in each period and utility is maximized by choosing to either work or attend school in the initial period. Individuals who have not gone to school can provide unskilled labor in either period and earn a wage which is normalized to 1. Skilled labor results from attending school and earns a premium on the accumulated human capital, h (a), which is increasing in individual ability, a, which itself is drawn from a distribution F (·) with domain A = [amin , amax ]. Attending school in the first period costs p = pt + pf which is the sum of tuition, pt , and other fees such as uniforms, pf , and which can be borrowed at gross interest rate R > 1. The utility that students obtain from attending school/working are: Us (a) = u (c0 ) + δu (c1 ) = δu (h (a) − R · p)



(2)



Uw = u (c0 ) + δu (c1 ) = u (1) + δu (1)



(3)



where initial period consumption for students is normalized to zero. Individuals compare the utility from working, Uw , against attending school, Us , and attend school if: Us (a) ≥ Uw



(4)



Let a?p be the ability level such that individuals are indifferent, at price p, between attending school and working in the initial period so that all students with a > a?p attain greater utility from attending school than from working in the initial period. The mean ability of students attending school in
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this baseline scenario is:



R amax



af (a) da a? A¯p = R pamax f (a) da a?



(5)



p



Eliminating tuition in this scenario lowers the price from p to pf . A lower price of schooling increases the utility of attending school at any ability level and serves to lower a∗ so that a∗pf < a∗p . Thus, in addition to those students who would attend at the full price (for whom a ≥ a∗p ), tuition-free schooling also induces lower-ability students (for whom a∗pf ≤ a < a∗p ) to attend school. As the only change is that lower ability students now attend secondary school, it follows that eliminating tuition necessarily lowers the mean ability of students attending secondary school: R amax



af (a) da a?p A¯pf = R afmax < A¯p f (a) da ? a



(6)



pf



I summarize the findings of this section in the following prediction: Prediction 1. The introduction of free secondary education will increase educational attainment and lower the average ability of students who continue through to secondary school.



2.2



Credit Constraints



I now extend the model of the prior section to introduce the possibility that some students are credit constrained. Suppose that there is a mass 1 of individuals split between a fraction, w, who come from wealthy families, while the remainder, 1 − w, come from poor families.16 Suppose also that individuals from poor families are restricted to borrowing an amount p¯ (a), which is increasing in ability and is such that the original price of schooling precludes poor students from attending school; that is, ∀a ∈ A, p¯ (a) < p.17 This credit constraint has no impact on students from wealthy households who attend school subject to the same ability cutoff level as the basic model. For students from poor families, the borrowing limit serves to preclude continued schooling. The mean ability level at p depends only on the ability of wealthy students attending school and is the same as the basic model.18 Lowering the price of schooling from p to pf increases access and has an ambiguous impact on average ability. As in the basic model, a decrease in price allows lower-ability students from wealthy families to attend school. For students from poor families, the price decrease lowers the cost of schooling so that, with a sufficient price drop, the cost of schooling for high-ability students 16



This setup yields the same Prediction 1 in the absence of credit constraints. Students from both wealthy and poor families would attend subject to the same ability cutoff as above: a?{p} = a?{p,W } = a?{p,P } . A decrease in price lowers the requisite ability level for both types of students in the same fashion and Prediction 1 would follow. 17 The idea that the borrowing limit is increasing in ability relates to the increased return to education that highability students receive which, in turn, makes creditors willing to lend more. 18 While the mean ability level is the same, access is lower as students from poor families with ability levels above the cutoff are not attending school.
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falls below their borrowing constraint. This increases attendance from students who were, at the original price, precluded from schooling by the credit constraints. The mean student quality after the price drop is: w· Aˆp =



w



R amax



af a?p R af max · a? f p



(a) da + (1 − w) ·



R amax



af (a) da



(a) da + (1 − w) ·



R amax



f (a) da



f



where



a?cc



a?cc a?cc



(7)



is the lowest ability level such that poor individuals both want to, and are able to,



attend secondary school.19 The mean student ability could be lower than the original cohort if, for example, either no students from poor families are induced to go to secondary school (a∗cc > amax ) or students from poor families attend subject to the same ability threshold as those from wealthy families (a∗cc = a∗pf ). In either of these cases, the impact on the mean ability of wealthy students attending secondary school indicates what will happen to the overall mean ability. In the case where no students from poor families attend secondary school, then only students from wealthy families attend school and the new, lower ability wealthy students cause a drop in the mean ability. In the case where the lower price completely eases the credit constraints and poor students attend subject to the same ability cutoff as wealthy students, then average ability among the new poor students is the same as the average ability among the wealthy students and mean ability decreases. However, as the borrowing constraint is increasing in ability, in between these two extremes cases, average ability could increase. This could happen if, for example, the price drop only eases the credit constraint for particularly high achieving students from poor families, (when a∗pf < a∗cc < amax ), and if the poor are a sufficiently large proportion of the population.20 I summarize this credit-constrained model in the following prediction: Prediction 2. In the presence of credit constraints, the introduction of free secondary education will increase educational attainment and lead to an ambiguous change in the average ability of students who continue through to secondary school.



2.3



A caveat on capacity constraints



If the education system can accommodate only a certain number of students and the highest-ability students who are willing to pay are admitted, the above predictions change only slightly. Without credit constraints, lowering the price of schooling serves to lower the threshold ability level for students from all families. These new students attempting to attend school are lower ability than those already in school and, with capacity constraints, will be excluded. Thus, in this case, a price decrease yields no change in average ability. In the presence of credit constraints, however, all individuals from poor families are initially 19



This corresponds to satisfying both p¯ (a?cc ) = pf and Us (a?cc ) ≥ Uw . While I use one density, f , for students from wealthy and poor families in expression 7, the same argument holds if the densities differ. That is, without loss of generality, I could instead allow the ability density to differ across the populations with fW for students from wealthy families and a different fP for students from poor families. 20
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precluded from further schooling. When the price drops, high-ability students from poor families will attend school, displacing low-ability students from wealthy families. In this case, the mean ability of students increases.



2.4



Child bearing



I next incorporate childbirth and sexual activity into the above credit constrained framework by assuming that children arrive as a probabilistic outcome of unprotected sex.21 Utility now depends on both consumption and the quantity of unprotected sex which yields a benefit, absent a pregnancy, of µ (s) and is additively separable from the utility of consumption. I assume that utility is increasing in unprotected sex to a certain level, s¯, above which utility is decreasing in s: that is, µ0 (·) > 0 for s < s¯, µ0 (·) < 0 for s ≥ s¯, and µ00 (·) < 0. I assume that pregnancy itself yields a utility benefit, B > 0, and occurs with a probability v (si ) which satisfies v 0 (·) > 0 and v 00 (·) < 0. Individuals who have a child are unable to continue their schooling, so they earn the unskilled labor wage in both periods. The timing is such that individuals select a level of initial period unprotected sex, realize the pregnancy outcome, and then in the absence of a birth, select initial period schooling or labor. Individuals choose a level of unprotected sex to maximize expected utility. As in the baseline case, there is a threshold ability level, a? , such that individuals from both poor and wealthy families with ability below this threshold prefer to work in the initial period rather than go to school. For these individuals, the potential arrival of a child does not change the optimal decision as they can still work in unskilled labor in the second period. As such, for these low ability individuals, there is no expected utility cost of unprotected sex. These individuals maximize: U = max µ (s) + u (1) + v (s) [B + δu (1)] + (1 − v (s)) [δu (1)] s



(8)



which yields the following first order condition: µ0 (s) = −v 0 (s) B



(9)



which, as both v 0 (·) and B are positive, implies that these low ability individuals choose a sufficiently high level of s, denoted sl , so that sl > s¯ and the marginal utility of unprotected sex is negative. These individuals set the marginal disutility of unprotected sex equal to the expected marginal utility gain from having a child. For individuals with ability a > a? , it is optimal to attend school in the first period. These individuals maximize: U = max µ (s) + v (s) [B + u (1) + δu (1)] + (1 − v (s)) [δu (h (a) − Rp)] s



21



(10)



This addition is an adaptation of the model of education and sexual activity in Duflo, Dupas, and Kremer (2015).
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which yields the first order condition that equates marginal costs and benefits of unprotected sex: µ0 (s) + v 0 (s) [B + u (1) + δu (1)] = v 0 (s) [δu (h (a) − Rp)]



(11)



which can be rearranged to: µ0 (s) = −v 0 (s) B + v 0 (s) [δu (h (a) − Rp) − u (1) − δu (1)]



(12)



where I denote sh as the level of unprotected sex that satisfies this condition. Equation 12 is similar to the optimality condition of equation 9 with the addition of the second term on the right. From equation 4, this second term is positive for high ability individuals for whom, in the absence of childbearing, schooling is the optimal decision. This indicates that µ0 (sh ) > µ0 (sl ) so that the marginal utility of unprotected sex is less negative for high ability individuals than low ability individuals. As µ00 (·) < 0, this finding implies that sh < sl ; high ability individuals select a lower level of unprotected sex than low ability individuals. For credit constrained high ability individuals from poor families, attending secondary school is not an option. Rather, these individuals maximize utility by acting as low ability individuals and selecting a high level of unprotected sex. Lowering the cost of schooling from p to pf allows individuals from poor families to attend school and changes their optimal behavior to incorporate the possibility of lost income resulting from a potential pregnancy. Thus, lowering the price of schooling is expected to lower the incidence of unprotected sex and decrease the rate of pregnancy by decreasing the rates for high ability individuals from poor families. This yields the following prediction: Prediction 3. The introduction of free secondary education will decrease risky behaviors that preclude additional schooling.



2.5



Model predictions and implications for analysis



I now summarize the predictions of the above model. The introduction of free secondary education will increase educational attainment and decrease risky behaviors. It will also have an ambiguous effect on average student ability depending on the presence of credit constraints. Without credit constraints, the average ability will decrease. With credit constraints, the average ability can increase, decrease, or stay the same. Free education is likely to impact both average ability, as modeled above, and the quality of educational resources. Without a large accompanying program to increase resource quantity or quality, free education is likely to dilute educational resources. As a result, the impact on student achievement is a combination of this negative impact on resource quality, together with an unknown impact on mean ability. A positive or null effect on mean achievement implies an increase in mean
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ability which was sufficient to overcome the negative impact of resource quality and is indicative of the presence of credit constraints. I take these predictions to the data in Sections 5-6.



3



Kenya’s Education System and Free Secondary Schooling



In 2003, the Kenyan government implemented a free primary education policy covering the 8 first years of schooling.22 This was followed up by the passage of a free, 4 year, secondary education (FSE) policy in January 2008. The FSE program covered basic tuition fees of KSh10,265 (∼USD100) annually and was aimed at increasing access to secondary schools. In conjunction with the FSE policy, the Kenyan government also implemented policies designed to increase the capacity of public secondary schools. The government sought to increase class sizes from 40 to 45 students and increase the standard number of classes per grade per school to a minimum of three (Ministry of Education, 2008a). The introduction of the FSE program coincided with a rapid expansion in the number of students attending secondary school. Figure 1 shows the number of students entering secondary school in each year and demonstrates the rapid growth in admissions which started following the introduction of FSE and which has continued in recent years. FSE was implemented as a capitation grant disbursed directly to schools from the central government in three payments each year. The capitation grant was not designed to cover all costs of attendance and students were still responsible for costs of school uniforms as well as infrastructure and boarding fees.23 The capitation grant was not available to students attending private schools which, as Figure A2 shows, are generally lower performing than public schools. Using data from the 2005 Kenya Integrated Household Budget Survey, Glennerster, Kremer, Mbiti, and Takavarasha (2011) estimate that households spent an average of KSh25,000 per secondary school student with approximately KSh10,000 going towards non-tuition expenditures. These calculations suggest that the capitation grant covered approximately 40% of the household cost of a secondary school student.24 At the conclusion of both primary school and secondary school, students take a set of standardized exams: the Kenya Certificate of Primary Education (KCPE) is used to determine admission into secondary school while the Kenya Certificate of Secondary Education (KCSE) determines admission and funding for higher education and is also used as a credential on the labor market. The exams are conducted by a national testing organization and are centrally developed and graded. Admission to public secondary schools is obtained through a central mechanism that allocates stu22 Lucas and Mbiti (2012) describes the introduction of the free primary education program in their evaluation of the short term impacts of the program. 23 Ministry of Education, Science and Technology (2014b) notes that infrastructure fees are capped at KSh2000 (∼USD25) per year. Approximately 10% of students attend premium tier public schools where the FSE policy did not completely defray the higher tuition these institutions are allowed to charge. 24 In the 2016/2017 budget, FSE was allocated 1.9% of the total national budget (∼USD320 million).
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dents based on KCPE scores and student submitted preferences over schools.25 The Kenyan school year follows the calendar year so that students in the first FSE cohort took the KCPE in November 2007 and made their decision of whether or not to continue to secondary school in February 2008. Within the context of the model presented in the prior section, without credit constraints, this expansion in access would open up additional slots for lower performing students, decreasing the average ability of students attending secondary school. Alternatively, with credit constraints, the policy would potentially allow both high and low ability, credit constrained individuals to attend school, yielding an ambiguous change in the average ability of students.



4



Data



This paper uses two main datasets: the 2014 Kenya Demographic and Health Survey (DHS) and an administrative dataset of secondary school completion examination results.



4.1



Demographic and Health Survey



The 2014 Kenya DHS comprises two survey instruments which were administered to slightly different samples: a short module was administered in all sample households and is representative of females aged 15-49 at the county level while a full module was administered to males and females in every other sample household. The short module includes questions on education, health, and childbearing histories. The additional modules include questions on income-generating activities, spousal education and employment, desired fertility, and contraceptive usage. To focus on individuals who were both near the first FSE cohort as well as those in the FSE cohort who are likely to have completed their schooling by the time of the survey, I restrict attention to DHS respondents born between 1983 and 1996 and who are at least 18 years old at the time of the survey.26 In my analysis of the impact of FSE, I focus on the 13,605 individuals who have completed primary school.27 Summary statistics are presented in Table 1.28 As the DHS disproportionately targeted women, the sample is skewed to 71% female. The average individual has slightly more than 10.5 years of 25



Students list separate preferences over schools in each of the three public school tiers: national, county, and district. 26 In Section 4.3, I use administrative registration data to show that students born after 1990 likely made their secondary education decision in the free secondary education regime. 27 Focusing on individuals who completed primary school introduces the potential for selection bias if the free secondary education policy changes whether individuals choose to complete primary school. I discuss the validity of this approach and evaluate the robustness of my results to relaxing this restriction in Section 5.1 and Appendix B3. 28 Summary statistics for the full DHS are presented in Appendix Table A1.
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education, 65% have some secondary schooling and 42% have completed secondary school.29 Within the sample, the average age of first intercourse, marriage, and birth for women are all between 17 and 19. This contrasts with men where there is a 6 year gap between age of first intercourse and age of first marriage. A little over one quarter of the sample reports not working. Of those who are working, the majority are in unskilled work while an equal amount report either agricultural or skilled work. Panel B restricts the sample to individuals who have completed secondary school demonstrating the later fertility behavior ages. Females are over 1 year older at age of first intercourse, and 1.75 years older at age of first birth and age of first marriage. Smaller delays are seen for men who complete secondary school where age of first intercourse is about 0.5 years later and age of first marriage is 0.8 years later. For employment outcomes, individuals completing secondary school are slightly less likely to report no work than the full sample. There is, however, a noticeable shift across sectors: secondary school completers are about 35% less likely to report working in agriculture relative to primary school completers and almost 60% more likely to report skilled work. There is no change in likelihood of unskilled labor.



4.2



Administrative Test Scores



This paper also uses an administrative dataset of all students who took the KCSE between 20062015 with the exception of the 2012 cohort.30 The KCSE is a national test administered at the conclusion of secondary school and is used as a credential in the labor market as well as for admissions decisions into tertiary education. Each student must take a minimum of 7 exams across four subject categories: three compulsory subjects (English, Kiswahili, and math), 2 sciences, 1 humanities, and 1 practical subject.31 Each subject is graded on a 12(A)-1(F) scale with a maximum total score of 84 points.32 Each student is assigned an aggregate grade between A and E based on their 29 The high disparity between any secondary schooling and the secondary school completion rates may be due to younger members of the sample still being in school; while the survey does not ask whether individuals are still in school, 58% of the sample aged 20 or under have some secondary schooling but have not completed secondary school while the number drops to 25% for those over age 20. If individuals initially have a noisy signal about their own ability and can gain information by attending secondary school, FSE may lead to more students trying and quitting secondary school, as it lowers the cost of gaining more information for marginal students. 30 The test data are a combination of publicly available data from 2006-2010 together with data scraped from the national examination council’s website for 2011 and 2013-2015. The national examination council web site did not have the 2012 results publicly available. 31 Science options include biology, chemistry, and physics. Humanities options are history/government and geography. Practical subjects include Christian religious education, Islamic religious education, Hindu religious education, home science, art and design, agriculture, woodwork, metalwork, building construction, power mechanics, electricity, drawing and design, aviation technology, computer studies, French, German, Arabic, Kenyan sign language, music, and business studies. 32 The grading scheme has plus and minus and decreases by one point for each grade type so that 12 is equivalent to A, 11 is equivalent to A-, and so on.
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composite score.33 Detailed subject grades are available from 2009 to 2015 while only the overall letter grades are available prior to 2009. I standardize grades within each year to account for small differences across years in the grade distributions.34 As my identification strategy exploits variation in county level exposure, I exclude national tier schools that draw students from around the country, restricting attention to schools that primarily cater to the local county population.35 Each student record within the dataset is identified by a 9-digit student number that is unique within each year. The first three digits of the student number indicate the student’s district, the second three identify the school within a district, while the last three denote the student within the school. Additional data on school characteristics come from the Ministry of Education’s Kenyan Schools Mapping Project conducted in 2007, the National Examination Council’s testing center public/private categorization for 2015, and an individual level examination results panel for a single cohort who took the KCPE in 2010 and the KCSE in 2014. Table 2 presents selected summary statistics for the examination data.



4.3



Defining Treatment



Each of the two datasets contains different information about individual exposure to FSE and require slightly different treatment definitions. The DHS includes year and month of birth so exposure can be defined based on birth cohort.36 Conversely, the administrative examination data do not include comprehensive year of birth data and requires a treatment definition based on examination cohort. I first consider how to define treatment based on the birth cohort available in the DHS data. The first cohort able to make their secondary schooling decision after FSE was implemented completed primary school in 2007. The Kenya National Examinations Council (KNEC) calls for students to take the primary school completion examination between ages 13 and 14 suggesting that the first cohort was born in 1993 and 1994.37 However, rates of grade repetition are high for primary school students in Kenya: registration data for the 2014 primary school completion examination indicates that only 40% of the students who took this exam were in the 13-14 age range, while over 40% were aged 15-16 years old, and 16% were aged 17 or older. Figure 2 examines the implications of the observed age distribution for cohort level exposure to FSE. The histogram in the figure plots the age distribution of the first cohort impacted by FSE, where I assume that the age distribution of the students who complete primary school in 2007 33



Overall KCSE grades are assigned as follows: a score between 84 and 81 is an A, 80 to 74 is an A-, 73 to 67 is a B+, 66 to 60 is a B, 59 to 53 is a B-, 52 to 46 is a C+, 45 to 39 is a C, 38 to 32 is a C-, 31 to 25 is a D+, 24 to 18 is a D, 17 to 12 is a D- and below 12 is an E. 34 Similar results are obtained with the raw test data. 35 There were 18 national tier schools in 2011. 36 The DHS does not include comprehensive schooling histories which would indicate who completed primary school in the FSE period, and clearly delineate treatment. 37 The official entrance age to primary school is 6. The KNEC age range assumes that students start primary school at age 6 and continue through the 8 years of primary school with no grade repetition. This yields a November exam cohort of 13-14 year-olds.
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follows that of the 2014 cohort.38 The scatter plot depicts the fraction of each cohort exposed to FSE assuming the same distribution of cohort exposure in subsequent exam years. For example, the oldest students in the first FSE cohort were aged 19 and were the last of their cohort to complete primary school. Therefore, the remainder of their cohort completed primary school before FSE and these 19 year olds are the only ones from their cohort exposed to FSE. Conversely, the youngest students in the first FSE cohort were aged 12. These students were the first in their cohort to complete primary school and were in the FSE regime, so that all other students in their cohort were also in the FSE regime. For cohorts of students between ages 12 and 19, some students completed primary school before FSE while others completed primary school after FSE was introduced. The figure suggests three general treatment intensity periods based on student age in 2007: almost all students aged 14 or under in 2007 had access to FSE and I consider these cohorts treated (born in 1993 or after). Around half of the students aged 15 or 16 (born in 1991 or 1992) were exposed to FSE and I consider these cohorts treated in most specifications, although this may reduce power. Only a small fraction of students who were aged 17 or older (born in 1990 or before) were exposed to FSE, and I consider these students untreated.39 In my analysis of the impact of FSE on student achievement, I consider treatment based on examination cohort as the administrative examination data does not have the year of birth for all individuals. FSE was first available for students who entered secondary school in 2008 who would, without grade repetition, take the KCSE in 2011. Grade repetition is a potential threat to identification using this definition of treatment. If students entered secondary school in the pre-FSE 2007 cohort but then took five years to complete secondary school, I would consider them treated. Grade repetition within secondary school is, however, relatively low; KCSE registration data show that almost 80% of students proceed through secondary school in 4 years and less than 8% take more than 5 years.40 As such, I consider students who take the secondary school completion examination in 2011 or later as treated and those who take the exam in 2010 or earlier as untreated.41 38 Ideally, I would use a pre-period cohort to examine the age distribution but I do not have the necessary data. I do, however, have data from 2008 for 15 of the 47 counties which together account for approximately 37% of the population. While this is in the FSE period, there are a number of reasons to expect that the distribution is indicative of a pre-FSE cohort. First, students retaking the exam are given identifiable registration numbers so that I can focus only on first time test takers. Second, as students take the exam after completing primary school, only students who either dropped out after 7th grade or who completed primary school but did not take the KCPE could be endogenous first time takers in 2008 in response to the program. I expect these groups to be small as there are likely frictions to returning to school and because the KCPE results are used as a credential on the market, most students who reach the exam are likely to take it. With this in mind, Appendix Figure A1 compares the age distribution of first time test takers in these regions in 2008 and 2014. There are not substantive differences in the age distributions suggesting that the 2014 cohort provides a valid indication of cohort FSE exposure. 39 Appendix Table A4 presents a robustness check of the results where the transition cohorts are excluded. 40 Appendix Figure A3 presents a histogram of the number of years between primary school and secondary school completion examinations for students in the 2014 KCSE cohort. 41 Students who take the exam between 2008 and 2010 are marginally exposed to FSE in that their school fees were removed which may lead to higher persistence in secondary school. I focus on treatment as inducing students to change their secondary schooling decision so I consider these years untreated as students in these cohorts entered secondary school in the pre-FSE regime.
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5



FSE and educational attainment



5.1



Identification strategy



I measure the impact of FSE on educational attainment by exploiting cohort-region variation in exposure to the program using a difference-in-differences approach. Cohort variation arises from the timing of the program: individuals above secondary schooling age at the time of the program’s implementation in 2008 would have had to return to school to take advantage of FSE rather than simply continue their schooling from primary to secondary school. Regional variation stems from heterogeneous pre-program primary to secondary transition rates across Kenya’s 47 counties. In counties with high pre-FSE primary to secondary transition rates, there were relatively few students who could be induced by the program to continue to secondary school. In contrast, in counties with low pre-FSE primary to secondary transition rates, there was a relatively large number of primary school graduates who could be induced by the program to continue to secondary school.42 Based on the program cohort exposure described in Section 4.3, I use the DHS data to calculate the pre-program primary to secondary transition rate for each county. The rate is calculated as the fraction of primary school completers who attend some secondary school for cohorts born in the two closest pre-FSE periods.43 Figure 3 shows how the transition rates have evolved over time for counties with high/low pre-FSE transition rates. While areas with high and low pre-program transition rates moved similarly before the introduction of FSE, with a noticeable gap between the two, the rates converged following the introduction of FSE. Figure 4 presents a histogram of the pre-program primary to secondary transition rates across counties showing that the rate ranges from 0.34 (Kitui county) to 0.94 (Mandera county) with a median of 0.659. Figure 5 maps the transition rates. The one obvious pattern in the figure is the high transition rate band across the North and North-Eastern portion of the country.44 In Appendix B1-B2, I confirm robustness of the results to excluding the smallest population counties, which includes these high-transition rate counties and also to excluding the two major cities: Nairobi and 42 Using the primary to secondary transition rate and focusing on a sample of primary school completers should provide additional power relative to an alternative definition based on the proportion of each cohort with any secondary schooling. However, using the transition rate approach imposes an additional assumption on the difference-indifferences estimates: that FSE did not differentially induce students to complete primary school. This assumption ensures that there is no selection bias introduced by a changing composition of the secondary school student body. I consider the validity of this assumption later in this section. 43 I consider the average over two years to ensure that I am not calculating the transition rate from a small number of observations. 13 counties have fewer than 10 observations in the closest pre-program birth cohort. The intensity for mk,1989 +mk,1990 county k is calculated as F rack = nk,1989 where nkj represents the number of individuals completing primary +nk,1990 school in cohort j and mkj is the number of individuals who have attended some secondary schooling. 44 The transition rate measures the proportion who progress to start secondary school after finishing primary school and is not related to overall educational attainment.
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Mombasa.45 To motivate my approach, I first consider the impact of FSE on educational attainment within a binary treatment difference-in-differences framework. To satisfy the difference-in-differences setup, I define a binary treatment equal to one for high intensity counties, where pre-program primary to secondary transition rates are below the median level, and equal to zero for low intensity counties, with transition rates above the median level. I then consider the change in outcomes in treated regions following the introduction of FSE relative to the change in untreated regions. This identifies the program impact under the assumption that absent the program, the outcomes of treated regions would have followed the same trajectory of low intensity regions. This corresponds to a regression of the form: Sijk = α0 + β1 (Highk ∗ FSEj ) + ηk + γj + εijk



(13)



where Sijk reflects the schooling of individual i in cohort j in county k, Highk is an indicator variable equal to 1 if county k has a pre-program primary to secondary transition rate below the median, FSEj is a dummy variable equal to one for individuals born in cohorts impacted by FSE, and ηk and γj represent county and cohort fixed effects, respectively.46 The interaction coefficient, β1 is the estimate of the effect of FSE on education. There are two main assumptions underlying this difference-in-differences approach. First, selection bias (treatment intensity) should be attributable to unchanging characteristics of the counties and second, the pre-FSE time trends across high and low transition rate counties should be the same. In assessing the first assumption, it is notable that if capacity constraints at the secondary school level are binding, then the ratio of primary school graduates to secondary school spots determines the transition rate. Without large changes in either the number of primary school graduates or secondary school capacity, the transition rate is likely to be serially correlated over time. Indeed, the data suggest that the first assumption is likely to hold: the correlation between the treatment intensity calculated using the 2 years prior to treatment and 10 years prior to treatment is 0.8. For the second assumption, Figure 3 demonstrates common trends going back 8 years, suggesting that differences across counties in primary to secondary transition rates are due to structural rather than transitory factors. If the assumptions are satisfied, the identification strategy differences out these structural county and cohort differences yielding a consistent measure of treatment impact. Even under the above assumptions, another threat to my identification is that the estimated impact may be due to other programs which are correlated with my treatment intensity measure. 45 I rerun the analysis without Kenya’s two main cities, Nairobi and Mombasa, to ensure that the results are not being driven by these cities and the potential noise arising from internal migration. In the second set, I rerun the analysis without the smallest counties where the estimation of the primary to secondary transition rates are calculated based on a particularly small sample. The small counties excluded in the robustness check are Garissa, Mandera, Marsabit, Samburu, Turkana, and Wajir. A third set of robustness results employs an alternative definition of treatment intensity that varies over years allowing for earlier cohorts to be impacted by larger younger cohorts. 46 The usual formulation of a difference-in-differences with two periods includes two dummy variables in addition to the interaction: one for the treated group and one for the post period. In the present formulation, these are subsumed by the county and year fixed effects.
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With this in mind, I follow Lucas and Mbiti (2012) and control for county development funding levels, pre-program unemployment levels, and county specific linear trends.47 The constituency development funding levels were calculated based on the poverty incidence in 2003 and are reported annually at the sub-county level which I aggregate to the county level.48 If areas with higher treatment intensity also received greater development funding, I may conflate the impact of FSE with the differential funding. To address this concern, I interact the development funding with cohort dummies. Similarly, I include unemployment levels interacted with cohort dummies to account for programs that potentially targeted areas with higher unemployment. I cluster errors at the county level to account for possible serial correlation within school markets over time. Forming a binary high intensity variable from the continuous primary to secondary transition rate entails a loss of information. To use the relative magnitudes of the transition rates across counties, I define a continuous treatment intensity measure based on the transition rate as Ik = (1 − transition rate) which reflects the maximum potential increase in the transition rate.49 Thus, the intensity is higher for counties with low pre-program transition rates where there is greater ability for FSE to induce students to attend secondary school. I use this treatment intensity in an analysis analogous to equation 13 where the binary treatment intensity variable is replaced with the continuous measure: Sijk = α0 + β1 (Ik ∗ FSEj ) + ηk + γj + εijk



(14)



where Ik is the treatment intensity for county k. The coefficient β1 is the estimate of the impact of FSE on education. This regression uses all of the primary to secondary transition rate information and its estimates should be more precise. I include the same controls in this continuous intensity analysis as in the binary treatment analysis described above. In examining the impact on educational attainment, I focus on the sample of primary school completers as they are the group most likely induced by free secondary education to continue their schooling.50 Identification in this framework requires that FSE did not differentially induce students to complete primary school, thereby avoiding any potential selection bias introduced by a changing composition of the secondary school student body. Table 3 presents coefficients from regressions represented by equation 14 with primary school completion as the dependent variable. All estimated coefficients are small with two of the 15 coefficients marginally significant.51 The coefficients for the male only sample are slightly larger in magnitude. Overall, the regressions provide little evidence in support of differential increases in the likelihood of completing primary school. 47



The basic difference-in-differences approach relies on common trends across treated and comparison groups. In the above specification with heterogeneous treatment intensities, I can not test for common trends across the counties but instead include county-specific linear trends as a control to directly account for potentially confounding trends. 48 Constituency development fund allocation data are posted on http://www.cdf.go.ke. 49 An alternative analysis that defined treatment intensity as 1/(transition rate) yielded similar results. 50 Appendix B3 presents results relaxing the restriction on primary school completers. 51 Appendix Table A2 presents analogous results for the binary treatment analysis.
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I also run a falsification test that examines the impact of a hypothetical program introduced for the 1987 birth cohort: five years before the program was actually implemented. For this analysis, I use the primary to secondary transition rate in 1985-1986 to identify high/low intensity counties and calculate the continuous treatment intensity measure. This generates estimates for the impact of a hypothetical program on education levels.52



5.2



FSE and educational attainment results



Table 4 column 1 presents the standard difference-in-differences estimates represented by equation 13, where each coefficient represents the marginal impact of being in a high intensity county in the FSE period. Results are presented for both years of education (Panel 1) and completed secondary school (Panel 2). Column 2 controls for funding made available to counties by the central government through the constituency development fund mechanism and examines whether changes in schooling were related to differential funding levels by interacting the levels with cohort dummy variables. Similarly, column 3 interacts unemployment levels with birth cohorts to account for endogenous schooling expansion in response to unemployment levels. Column 4 adds a county specific linear trend to control for potentially heterogeneous pre-program trends. Column 5 controls for both county funding and unemployment as well as the county specific linear trends. The difference in primary to secondary transition rates between the high and low intensity regions is 0.21. The results suggest that moving from the low intensity average to the high intensity average led to an average increase of 0.3-0.4 years of education. The estimated coefficients across both genders are similar for the first 3 columns. Including county trends reveals a potential divergence where the gains in years of education for males becomes insignificant suggesting that the earlier estimated impact is explained by pre-program trends. In contrast, controlling for county trends increases the estimated impact on women’s education. Despite increasing average education, there is no estimated impact on the likelihood of completing secondary school across either gender. While these estimates are informative and guide the interpretation of the results, my preferred specification exploits the full variation in primary to secondary transition rates by using the continuous intensity measure. Table 5 presents the difference-in-differences estimates represented by equation 14 for years of education (Panel 1) and completed secondary schooling (Panel 2). Results are presented for the entire sample as well as for males and females separately.53 The consistently positive and significant coefficients across the table illustrate that free secondary education induced students in counties with low pre-program primary to secondary transition rates to continue to secondary school. While the coefficients are much larger than those presented in Table 4, the intensity variable has a different interpretation. While the binary intensity measure presents the impact from going from a low 52



In Appendix Table A3, I also run falsification tests using the basic above/below median intensity difference-indifferences framework for each of the six years 1981-1986. 53 Appendix B1-B3 presents a series of robustness results that exclude either main cities (Nairobi and Mombasa), the smallest counties, or including individuals who have not completed primary school. The results are similar in magnitude and significance to those presented below.
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treatment intensity county to a high treatment intensity county, the continuous variable presents the expected gain at a given intensity level. At the mean treatment intensity value of 0.34, the average years of education are estimated to increase by about 0.8 years which is slightly larger than an estimate based on a comparable increase in the binary treatment specification. Assuming that all students complete their secondary schooling, this corresponds to inducing about 57% of students not-transitioning prior to the program to transition. The estimated coefficients are similar across all specifications. Notably, and in contrast with the simple binary treatment specification, the results for men are significant and similar in magnitude to those of the women only sample. Panel 2 examines whether greater exposure to FSE is associated with a greater likelihood of completing secondary school. Both pooled gender and female only specifications yield coefficients around 0.15-0.25. At the average intensity of 0.34, this corresponds to a decrease in the drop-out rate at primary school completion of approximately 20%. Estimates across columns 2-5 remain similarly significant and with similar estimated coefficients with the controls added. The gains of around 0.8 years of education at the mean intensity estimated here are considerably lower than the 1 and 1.5 years of education increase estimated by Keats (2014) for free primary education (FPE) in Uganda and by Osili and Long (2008) for FPE in Nigeria, respectively. While smaller than the estimated impacts for primary school programs, the impacts estimated for FSE in Kenya are slightly larger than those estimated for a secondary school program in The Gambia. Gajigo (2012) estimates that the girls’ scholarship program led to an increase of about 0.3-0.4 years of education for female students. The smaller coefficients obtained for secondary schooling programs relative to primary schooling may reflect the higher opportunity cost of schooling at the secondary level. I next examine the results of the falsification test examining the impact of a hypothetical program introduced for the 1986 birth cohort. Appendix Figure A4 splits the sample based on the calculated treatment intensity, suggesting reasonable common trends across the bifurcated sample. The two rates continue to share the same trend after the introduction of the hypothetical program. Table 6 presents the regression estimates analogous to Table 5 using the falsification sample and treatment intensity. The coefficients are small and insignificant reflecting the fact that the pre-FSE transition rates are not correlated with pre-FSE schooling changes. These results together suggest that FSE led to large and significant gains in schooling. I next use exposure to FSE as an instrument to examine the impact of secondary schooling on the fertility behaviors of young women.
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6



Education, fertility, and occupational choice



6.1



Identification strategy



In this section, I use the relationship between FSE and increased educational attainment established in Section 5 as the first stage of an instrumental variables approach to examine the impact of educational attainment on various demographic and occupational choice variables. Figure 6 presents Kaplan-Meier estimates of the distribution of age of first intercourse, age at first birth, and age at first marriage, highlighting the drastically different age of first incidence among those who attend secondary school relative to those who do not.54 By age 18 over 28% of women who had not attended secondary school had given birth compared to just 12% for those who had attended some secondary school, while by age 20, the rates were 56% and 26% for the same groups. For age of first marriage: by age 18 almost 33% of women who had not attended secondary school were married compared to just 11% for those who had some secondary schooling. Results from OLS regressions examining the age of first incidence for these behaviors are reported in Appendix Table A5 with large estimated impacts.55 However, relating education to these variables directly is fraught with endogeneity.56 Using the demonstrated relationship between FSE and increased educational attainment developed in the prior section, I use exposure to the FSE program as an instrument for education in regressions examining the impact of education on women’s fertility decisions. This corresponds to estimating equations of the form: Sijk = α1 + f (Iijk ) + β1 Xijk + η1k + γ1j + εijk



(15)



Pijk = α2 + ξ2 Sˆijk + β2 Xijk + η2k + γ2j + υijk



(16)



where the endogenous level of schooling Sijk is instrumented using the exposure to FSE, f (Iijk ), which depends on county and year of birth. In running this analysis, only the interaction instruments of the first stage are excluded from the second stage. I include religion and tribe demographic variables as covariates. The identifying assumption in this instrumental variables approach is that FSE had no direct effect on the fertility variables other than through its effect on educational 54



Kaplan-Meier figures illustrate the probability of survival across different intervals when data are censored (Kaplan and Meier, 1958). Age at first birth and marriage are reported to the nearest month while age at first intercourse is reported at the year level. 55 Similarly, summary statistics presented in Section 4.1 illustrate large differences across educational attainment in labor market sector. 56 Omitted variables such as ability and discount rates are likely to be correlated with both education and childbearing decisions introducing bias into OLS estimates.
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attainment.57 Figure 7 presents the coefficients on the interactions between county intensity and year of birth in a regression where the dependent variable is years of schooling. These coefficients are approximately equal to 0 prior to the implementation of FSE at which time it jumps to a positive and significant coefficient.58 All of the subsequent interaction coefficients are positive and significant. As expected, the intensity measure is correlated with attainment gains following the FSE introduction but had no measurable effect on the education of cohorts who reached secondary school age before the program was implemented. With this figure in mind, I define my instruments as the interactions between post-treatment year dummies and the county intensity measure: f (Iijk ) =



6 X



ξ1k (Ik × γj )



(17)



k=1



I examine the impact of educational attainment on a number of key demographic variables: age of first intercourse, age of first birth, age of first marriage, desired fertility, and contraceptive use. For each of the age variables, I examine the impact of schooling on the probability of doing each of these activities before ages 16, 17, 18, 19, and 20. I report results for both genders pooled and for women only.59 I use the same approach to examine the impact of education on labor market outcomes including whether individuals are working and the sector of work. As my sample includes individuals as young as 18, it is likely that some younger members of the sample have not yet entered the labor market. This would increase the proportion reporting no work and potentially underestimate the impact on working in the professional sector. With this in mind, I progressively restrict the sample to older and older cohorts to try and focus on individuals who are unlikely to still be in school. This yields three sets of results; one for individuals aged 18 and over, another for individuals 19 and over, and a final set for those aged 20 and over. 57 For FSE exposure to serve as a valid instrument, two assumptions must hold. First, FSE must impact educational attainment. The results presented in Section 5 indicate that this is so. Second, the exclusion restriction must hold. This requires that conditional on covariates, FSE must only impact the fertility variables through its impact on educational attainment. The exposure of an individual to the program was determined by the individual’s year and region of birth. After controlling for region of birth and cohort fixed effects, the interactions between cohort indicator variables and county intensity measures are plausibly exogenous variables, and are used as instruments in the fertility and labor market equations. 58 A joint F-test fails to reject that all pre-FSE coefficients are equal to zero and I exclude these pre-FSE interactions in the regressions. A separate F-test rejects equality of the post-FSE coefficients so I include each of the interactions separately. 59 For the male only sample, which is smaller, the instrument fails to satisfy the Staiger and Stock (1997) recommendation that the F-statistic exceed 10.
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6.2



Impacts of education on fertility



Figure 8 and Table 7 present the coefficients from the instrumental variable estimates for the probability of first intercourse, birth, and marriage before each teenage age. The coefficients for first intercourse are all negative with the magnitude of the estimated coefficients increasing as the age cutoff increases. Each additional year of education is estimated to decrease the probability of having first intercourse at age 16 by around 2%, rising to 7% by age 18 and 15% by age 20 on base rates of 23%, 46% and 70% suggesting a decrease of between 10-20% at each age. The results appear to be driven by large effects for women as the coefficients for the pooled sample where men are included are lower than the women’s only sample. Larger impacts are estimated for age of first marriage. The coefficients for women indicate a decrease of about 50% in the likelihood of being married before age 18 and of 38% for being married before age 20. The results for age of first birth are most pronounced at the older age range where the estimated coefficients indicate a decreased likelihood of having a first child by age 19-20 of between 31-36%.
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Taken together, the estimated coefficients suggest large and significant impacts of education on delaying these fertility behaviors. The estimated impacts on age of first birth are similar in magnitude to those estimated by Ferr´e (2009) who, in her analysis of adding an additional year of primary schooling in Kenya, concludes that an additional year of education decreases the probability of teenage childbearing by 24-29%. In his analysis of the secondary school admissions discontinuity in Kenya, Ozier (Forthcoming) estimates that secondary schooling almost completely eliminates teen pregnancy. While my instrument is too weak to examine the impact of completing secondary school on teenage pregnancy, the estimated coefficient on each additional year of education suggests that a similar elimination of teenage pregnancy would arise from a full four years of secondary education. Using the introduction of free primary education in Uganda, Keats (2014) obtains slightly smaller estimates: each additional year of education decreases the probability of first birth at each age between 16 and 20 by between 5-20%. By contrast, while I estimate large and significant negative impacts of education on age of first intercourse, Keats (2014) finds evidence that an additional year of education increased the likelihood of intercourse by age 18, and estimates insignificant coefficients for other ages. The apparent incongruity of the Uganda and Kenya results may be due to the different policies examined and the different ages at which they keep students in school: free primary education is likely to induce students to remain in school through their middle teenage years while free secondary education is likely to induce students to remain through their late teenage years. Ferr´e (2009) details three main mechanisms through which education may delay child bearing: a “knowledge” effect where more educated individuals are better informed about contraception, 60



Appendix Table A5 presents coefficients from OLS estimates of the impact of education on age of first intercourse, age of first birth, and age of first marriage. The IV estimates are universally larger than the OLS estimates suggesting downward omitted variable bias due to negative correlation between family variables, such as income, and fertility behaviors.
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an “autonomy” or empowerment effect where women shift their preferences towards fewer, higher quality children, and an “incarceration” effect whereby students either spend time in school and therefore have less time to get pregnant or they may delay childbearing to finish their schooling.61 All of these effects are potential avenues through which education could also impact age of first intercourse and age of first birth. If an incarceration effect is the primary mechanism through which education delays childbearing then the different impact patterns on age of first birth estimated in this paper and Keats (2014) could be due to the differing sources of variation: primary education may only impact behaviors around the primary age range and impacts decreasing in the late teenage years. In Tables 8-9, I investigate whether educational attainment changed behaviors or beliefs corresponding with the first and second of the three mechanisms. Table 8 examines the impact of education on reported contraceptive usage finding no evidence of increased contraceptive use or access. Table 9 examines the impact of education on desired fertility which, while negative, is not significant. This is notable in light of Keats (2014), who finds evidence of a large (-0.3) and significant impact. The lack of significant impacts on proxies for both the knowledge and autonomy effects suggests that the incarceration effect may be the dominant mechanism of behavior change. As FSE primarily impacted day schools where students return home in the evenings and over weekends, it seems likely that the measured impacts are not attributable to a direct confinement effect associated with being separated from individuals of the opposite gender, but rather to individuals choosing to delay intercourse to ensure that they can continue their schooling.



6.3



Impacts of education on occupational choice



Table 10, Panel A presents analogous instrumental variables estimates examining the impacts of education on women’s sector of work. The results indicate an increased likelihood of skilled work and a decreased likelihood of agricultural work. The estimates of decreased agricultural work may be attributable to a delayed transition to the labor market as many of the younger women in the sample might still be in school, which would potentially inflate the proportion reporting no work. If individuals exit secondary school and enter agricultural work, the presented coefficients overestimate the negative impact on agricultural work. Panel B and Panel C restrict the sample to slightly older populations to try and decrease the proportion reporting no work due to continued schooling. As expected, the older samples are less likely to report no work. While the estimated impact of education on agricultural work decreases slightly in the older samples, the estimated coefficient remains large in magnitude and significant with no corresponding decrease in impact on skilled work. This suggests that individuals are less likely to work in agriculture and more likely to have skilled work. These findings for women complement those of Ozier (Forthcoming), who found 61



Students who get pregnant in Kenya are often asked to leave school. While Ministry of Education guidelines stipulate that students can remain in school while pregnant and return to school post-pregnancy this does not always occur in practice.
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that secondary schooling for men decreased low-skill self-employment and may have increased formal employment. While the positive impact I find on skilled work is likely a lower bound, as it may grow stronger as the sample ages, this shift towards skilled work might not yield the growth benefits if it comes as a result of signaling rather than an increased stock of cognitive ability (Hanushek and W¨oßmann, 2008). However, Ozier (Forthcoming) presents evidence that secondary schooling in Kenya increases human capital. His estimates are valid for the inframarginal students that may be impacted by FSE, suggesting that the sectoral shifts may not be purely the result of signaling, but also of increased human capital.



7



FSE and student achievement



7.1



Identification strategy



I next examine the impact that FSE had on student achievement by exploiting the differential exposure to FSE, and the associated differential expansion, across counties. As detailed in Section 2.1, a decrease in the cost of schooling will lead to a decrease in student achievement unless highperforming students are credit constrained prior to the program. With this in mind, my analysis of the impact of FSE on student achievement is a test of credit constraints: an increase in student achievement indicates that credit constraints precluded high-ability students from further schooling. As described in Section 4.3, I consider cohorts of students who made the secondary school entrance decision after the program was announced as treated – the first cohort entered secondary school in 2008 and subsequently took the secondary school completion examination in 2011. With this in mind, I set the treatment intensity to zero for cohorts prior to 2011.62 I first examine the impact of FSE on overall student achievement by running a regression analogous to equation 14 examining student performance on the secondary school completion examination: Tijk = α0 + β1 (Ik ∗ FSEj ) + ηk + γj + εijk



(18)



where Tijk is the normalized test score of individual i in cohort j in county k. As described in the model, this regression will conflate a dilution of resource quality with a changing composition of the student body. If the estimated coefficient of β1 is zero, then counties that expanded their secondary schooling levels more saw no change in their average performance. With a dilution of existing school resources, this implies that the average student ability increased which indicates that students were 62



Appendix B4 presents the results of an alternative analysis where I assume that older cohorts are impacted by larger younger FSE cohorts and the early FSE cohorts are less impacted due to smaller cohorts ahead of them.
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credit constrained.63 A negative coefficient on average achievement confounds a dilution of school resources with new student quality and I am unable to determine the impact of FSE on average student ability. The results from this test, shown below in Section 7.2, are able to rule out large negative impacts. I then follow Lucas and Mbiti (2012) and Valente (2015) and examine the impact of the program on students who likely would have continued through to secondary school even in the absence of the program. For these students, there is no change in the composition of the student body so that any measured impact on academic achievement should be restricted to arise only from the dilution of resources.64 While the preceding analysis suggests that FSE eased credit constraints allowing both high and low performing students to continue their schooling, for this analysis, I assume that the highest performers would have been able to attend secondary school even in the absence of the program by raising funds through family or village networks.65 The analysis requires that I identify a sufficiently high-performing sample, based on KCSE score, for whom the introduction of FSE was unlikely to change their schooling decisions. I use the one cohort of primary school graduates for whom I have both KCPE and KCSE data to examine the relationship between primary school and secondary school completion examination results. Figure A5 shows the proportion of students who completed secondary school in either 2014 or 2015 broken down by their score on the 2010 KCPE. In this period, 90% of the students who score over 290 points complete secondary school within 5 years suggesting that the remaining uniform, book, and facilities fees are deterring, at most, 10% of students from continuing to secondary school. I define my sample so that no more than 5% of students are expected to have KCPE results below this value; 95% of students who scored 64 or above on the KCSE also scored above 290 on the KCPE and constitute a little less than 10% of the test taking body. I therefore restrict attention to the highest performing 10% across counties and assume that these students are sufficiently high performing that they would have been able 63



Redistributing existing resources, such as teachers, across counties would mitigate the dilution of resources and bias my estimates down. If the program targeted a select population or region, additional resources could be diverted and offset the dilution with only limited impact on the resources available to the non-treated population. FSE was implemented at a national level and thus the estimates are appropriate in incorporating any intentional redistribution of resources across counties. Empirically, data from Ministry of Education (2008b) and Ministry of Education, Science and Technology (2014a) do not provide evidence of a redistribution of teachers: the growth in number of teachers at the regional level is negatively correlated (-0.5) with the mean regional intensity and only weakly positively correlated (0.1) when excluding three North-Eastern Kenya counties which experienced a large relative increase in teachers (Garissa, Mandera, and Wajir). 64 Lucas and Mbiti (2012) and Valente (2015) both assume that additional students are lower performing and use the changes-in-changes approach of Athey and Imbens (2006) to measure the impact across the upper-half of the distribution. 65 Ideally, I would like to examine the likelihood, by primary school completion examination grade, that students who completed primary school in 2007 continued on to secondary school. If almost all students who scored above some mark proceeded to secondary school then I could examine the impact of FSE on the relative performance of students who scored above the mark without composition effects of additional students induced to attend secondary school. Unfortunately, I do not have matched primary and secondary school completion examination results for all years and can only examine the likelihood of completing secondary school for those who sat for the primary school examination in 2010. This is in the post-FSE period which will inflate the likelihood that students of any score proceed to secondary school but which I assume is indicative of the pre-FSE period.
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to raise the requisite funds for schooling in the absence of FSE.66 The identification assumption to examine the impact of resource dilution on academic outcomes within the sample is that the schooling decisions of students who scored in the top 10% of their county were unaffected by the FSE program.67 While I can also examine the impact at lower performance levels, these estimates are more likely to conflate resource dilution together with potential composition changes. I also examine the impact on the top 10% of the distribution using the changes-in-changes (CiC) approach of Athey and Imbens (2006). The CiC model is a generalization of the differencein-differences estimator that estimates the entire counterfactual distribution of a treated group which is identified under the assumption that the changes in the distribution of the treated and comparison groups would, absent treatment, be the same. The standard estimator considers the impact of a binary treatment across two time periods. I consider the pre- and post-FSE periods and compare students in counties exposed to a treatment intensity above the median to those in counties below the median intensity level. The treatment effect at quantile q is calculated as:    −1 −1 −1 −1 (q) F F τqCiC = FY−1 (q) − F (q) = F (q) − F Y,00 1 ,11 Y,10 Y,01 Y 1 ,11 Y N ,11



(19)



where FY 1 ,gt is the cumulative distribution function of group g in time t. The CiC model imposes  three main assumptions.68 First, the potential test scores of untreated individuals KCSE i N should satisfy: KCSE i N = h (Ai , Ti )



(20)



where Ai is an underlying unobserved ability and Ti is the time period in which the test was taken. Second, CiC imposes a strict monotonicity framework that the test score production function h (Ai , Ti ) be strictly increasing in A. Third, the underlying ability distribution within a group can not vary over time: Ai ⊥Ti |Gi



(21)



Focusing on the entire sample of students who sat for the KCSE exam in the post-FSE period would violate this assumption as FSE would likely have induced not only the credit constrained students to continue their schooling but also lower-ability students for whom FSE changes their optimal schooling decision. As described above, I try to satisfy the requirement that the underlying ability distribution within a group not vary over time by restricting my focus to the highest performing students. I control for county fixed effects and county linear trends following the parametric approach suggested by Athey and Imbens (2006). 66



The cutoff for funded admission to universities, which varies year-to-year, has historically been around 64 points. I am currently seeking an analogous probability of reaching the KCSE by KCPE score for the pre-FSE period. 68 These are laid out in Athey and Imbens (2006) Assumption 3.1-3.3. An additional common support assumption (Athey and Imbens (2006) assumption 3.4) requires that outcomes of the treated group in any period be a subset of the untreated outcomes. 67
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7.2



FSE and student achievement results



In examining the impact of FSE on student achievement, I first confirm that the growth in secondary school students is evident in the secondary school completion examination results. Table 11 presents the estimates of the regression represented by equation 18 where the dependent variable is the number of students who sat for the secondary school completion examination relative to pre-FSE levels. The results show that more intensely treated counties saw larger increases in the number of test takers. The gains in test takers are robust to controlling for potentially confounding programs and funding levels. The estimated impacts are similar gains for males and females, and are also similar in magnitude to the statistically insignificant gains estimated above using the DHS data. Confirming that the FSE growth is evident in the test data, I next consider the impact on average test scores. Table 12 Panel A presents results examining whether average test scores decreased in areas that more intensely treated. The pooled results presented in columns 1-2 indicate small impacts as the estimated coefficients of -0.007 and 0.07 standard deviations suggest that at the average intensity of 0.34 the estimated impact is about 0.02 standard deviations. To put this coefficient into perspective, I run a simulation to estimate the effect of the program without credit constraints where I assume that the program induced lower-ability students to continue their schooling. This simulation yields an estimated impact of about -0.3 standard deviations.69 This null result is indicative of credit constraints, as the negative impact of a dilution in educational resources requires an increase in average ability to yield no overall impact. With the near zero estimated coefficients providing evidence in support of the presence of credit constraints, I next consider the impact of the program on the scores of students at the very upper end who may have taken the exam in the absence of FSE. Panel B of Table 12 presents the results associated with equation 18 where the sample is restricted to individuals who scored above 64 on the KCSE. The results rule out large negative impacts and are suggestive of positive impacts. Finally, Table 13 uses the changes-in-changes methodology to examine whether FSE differentially impacted students across the top of the score or ability distribution. One of the nine coefficients is significant at the 10% level with all estimated coefficients relatively small. The estimated impacts here and above together suggest limited impacts of school access expansion on academic achievement. This finding is in line with that of Lucas and Mbiti (2012) who find evidence of, at most, small impacts of free primary education in Kenya. While I can not fully rule out positive impacts, the non-negative impacts are in line with those of Blimpo, Gajigo, and Pugatch (2015) who find that free secondary education for girls in The Gambia increased test scores. 69



Appendix C describes the simulation and Appendix Table C1 presents the estimated treatment coefficients.
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8



Conclusion



In early 2008, the Kenyan government implemented a free secondary education program. The program increased educational attainment for primary school completers by approximately 0.8 years. This paper uses differential exposure to the program, in an instrumental variables framework, to present new evidence on the impact of education on a range of demographic and labor market outcomes. I find that secondary schooling has broad impacts on fertility behaviors. Secondary schooling decreases the probability of first intercourse at all ages between 16 and 20 by around 25%, decreases the probability of first marriage at all ages between 16 and 20 by around 50%, and decreases the probability of teenage childbearing by 37%. Despite these impacts, I find no evidence that secondary schooling decreases desired fertility or increases modern contraceptive use. This suggests that free education decreases risky behaviors that could potentially preclude continued schooling. These demographic impacts suggest a potentially large additional benefit of the program, as delayed fertility behaviors are associated with significant benefits for both the mother and child (Ferr´e, 2009; Schultz, 2008). I also find that post-primary schooling shifts young women across labor market sectors. Education increases the likelihood of work in skilled labor by 28% and decreases the likelihood of working in agriculture by almost 80%. These findings for women complement similar existing findings for men (Ozier, Forthcoming). This shift towards more productive sectors is suggestive of potential growth consequences of the program. Finally, I use new individual examination results data to demonstrate that the rapid increases in educational attainment associated with the free secondary education policy did not lead to a corresponding decrease in the educational achievement of students. Impact estimates which combine both composition changes and resource dilution are small and insignificant. With a decrease in resource quality, this implies an increase in mean student ability. I present a model showing that an offsetting increase in mean student ability is consistent with credit constraints precluding poor students from attending secondary schooling. The results on student achievement suggest that concerns over rapid expansions of schooling systems may be overstated and that countries are able to adjust to additional students without negative consequences to the quality of education. The methodology used here could be employed with future survey data, in which individuals exposed to the program are older, to examine longer term fertility and labor market outcomes. Further, using future data may also provide evidence on the impact of education on spousal quality: if assortative matching is taking place, we may expect the education gains to have intergenerational impacts.
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Figure 1: Secondary school admissions 2000-2013
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Source: Kenya Economic Surveys (2000-2013).
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Figure 2: Cohort exposure
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Age distribution of primary school completion exam cohort Implied percent of cohort exposed to FSE Source: 2014 KCPE registration data. Notes: The age distribution for the first FSE cohort (2007 primary school completers) is assumed to have been the same as that observed in the 2014 cohort. The implied cumulative distribution assumes that age distribution of test takers is stable across time.
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Figure 3: Common pre-program trends



Primary to secondary transition rates by birth cohort and by high/low pre-FSE program transition rates
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Source: 2014 Kenya DHS. Notes: High/low pre-program access defined as whether county average pri-sec transition rate between 1989 and 1990 was above/below the average transition rate. Pri-sec transition rate defined as share of primary school graduates with at least some secondary schooling. Free secondary education introduced in early 2008 for the 2007 KCPE cohort. 70% of KCPE students in 2014 were 14-16 years old suggesting program first impacted students born between 1991 and 1993.
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Figure 4: Pre-program primary to secondary transition rate histogram
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Source: 2014 Kenya DHS. Notes: Transition rate measured as students with any secondary schooling as a fraction of primary school graduates. Dashed line indicates mean county transition rate.
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Figure 5: Pre-program primary to secondary transition rates by county
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Figure 6: Kaplan-Meier survival estimates
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(c) Age at first marriage Note: Lines depict the probability of still being in a (a) no intercourse, (b) no birth, or (c) no marriage state by schooling level. Sample restricted to women. In this context, survival refers to remaining in the initial state.
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Figure 7: Interaction coefficients
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Note: Coefficients are on the interaction between county FSE intensity and birth cohort. A joint F-test of pre-program values does not reject that all values are equal to zero. A joint F-test rejects equality of post-FSE coefficients.
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Figure 8: Fertility behavior coefficients
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Each point represents the coefficient on years of education from separate regressions where the dependent variables are binary indicators for whether individuals participated in each behavior before age X. Years of education is instrumented with cohort * county level exposure. The bars denote the corresponding 95% confidence intervals, with standard errors clustered by county. The F-statistics for first intercourse and first marriage are 10.13, 10.13, 10.13, 11.84, and 14.87 for age 16, 17, 18, 19, and 20, respectively. First birth F-statistics are 19.18, 19.18, 19.18, 22.92, and 15.31.
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Table 1: DHS sample characteristics Obs.



Mean



S.D.



Median



Min.



Max.



A. Primary School Completers Female



13605



0.71



0.46



1



0



1



Years of education Completed primary school Attended some secondary school Completed secondary school



13605 13605 13605 13605



10.49 1.00 0.65 0.42



2.35 0.00 0.48 0.49



10 1 1 0



8 1 0 0



19 1 1 1



Female fertility behaviors: Age at first intercourse Age at first birth Age at first marriage/cohabitation



8298 6432 6097



17.72 19.54 19.47



2.85 3.08 3.23



18 19 19



5 11 10



30 31 31



Male fertility behaviors: Age at first intercourse Age at first marriage/cohabitation



3446 1454



16.45 22.46



3.38 3.13



16 23



5 13



30 30



Employment sector: Not working Agricultural work Unskilled work Skilled work



8499 8499 8499 8499



0.28 0.17 0.37 0.18



0.45 0.38 0.48 0.38



0 0 0 0



0 0 0 0



1 1 1 1



Intensity (1-transition rate)



13605



0.35



0.12



0.34



0.05



0.66



B. Secondary School Completers Female



5704



0.69



0.46



1



0



1



Female fertility behaviors: Age at first intercourse Age at first birth Age at first marriage/cohabitation



3389 2231 2166



18.95 21.24 21.21



2.81 3.10 2.94



19 21 21



8 11 10



29 31 30



Male fertility behaviors: Age at first intercourse Age at first marriage/cohabitation



1575 603



16.93 23.30



3.41 2.90



17 23



5 13



30 30



Employment sector: Not working Agricultural work Unskilled work Skilled work



3615 3615 3615 3615



0.24 0.11 0.35 0.30



0.43 0.32 0.48 0.46



0 0 0 0



0 0 0 0



1 1 1 1



Source: 2014 Kenya DHS Note: Sample restricted to individuals born between 1983 and 1996 and who are at least 18 years old at the time of the survey. Employment questions were only included in the full survey which was asked of approximately half the sample. Unskilled work comprises unskilled manual work, household work, and services work. Skilled work comprises skilled manual work or professional work.
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Table 2: Secondary school completion examination summary statistics Pre-FSE (2008-2010) (1)



Post-FSE (2011-2015) (2)



5141 4346 795



7445 6213 1232



300355 262995 37360



437049 384756 52294



Number of test takers per school: Public schools: Private schools:



88.94 90.23 79.89



92.32 94.76 74.38



Standardized KCSE score: Public schools: Private schools:



-0.051 -0.022 -0.254



-0.066 -0.050 -0.205



Number of schools: Public schools: Private schools: Number of test takers per year: Public schools: Private schools:



Note: Counts calculated as annual averages over stated period. 2012 data are not available. A small number of national schools that draw high performing students from across Kenya are excluded.
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Table 3: Difference-in-differences estimates: primary schooling



A. Pooled Gender (1-transition rate)*FSE period Observations R2 B. Female Only (1-transition rate)*FSE period Observations R2 C. Male Only (1-transition rate)*FSE period Observations R2



(1)



(2)



(3)



(4)



(5)



0.053 (0.044) 20458 0.209



0.058 (0.043) 20458 0.21



0.084∗∗ (0.043) 20458 0.209



-0.14∗ (0.083) 20458 0.212



-0.064 (0.082) 20458 0.213



0.039 (0.059) 14934 0.23



0.042 (0.057) 14934 0.231



0.081 (0.067) 14934 0.231



-0.133 (0.099) 14934 0.233



-0.027 (0.101) 14934 0.235



0.116 (0.105) 5524 0.153



0.124 (0.107) 5524 0.156



0.122 (0.112) 5524 0.155



-0.143 (0.152) 5524 0.164



-0.148 (0.165) 5524 0.169



X



X X X



Control variables: Constituency development funds * birth year 2009 unemployment rate * birth year County linear trends



X X



Note: Dependent variable is a binary variable equal to one if an individual has completed primary school. All regressions include birth year, county, and ethnicity/religion fixed effects. Standard errors are clustered at the county level. Regressions are weighted using DHS survey weights. Transition rate defined as the percentage of primary school graduates who attend secondary school. Initial transition rate defined as the average transition rate in each county for students born in either 1989 or 1990. FSE period defined as birth cohorts after and including 1991. ∗∗∗ indicates significance at the 99 percent level; ∗∗ indicates significance at the 95 percent level; and ∗ indicates significance at the 90 percent level.
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Table 4: Binary treatment intensity difference-in-differences estimates: secondary education



Panel 1: years of education A. Pooled Gender High Intensity*FSE period Observations R2 B. Female Only High Intensity*FSE period Observations R2 C. Male Only High Intensity*FSE period Observations R2 Panel 2: completed secondary school A. Pooled Gender High Intensity*FSE period Observations R2 B. Female Only High Intensity*FSE period Observations R2 C. Male Only High Intensity*FSE period Observations R2



(1)



(2)



(3)



(4)



(5)



0.348∗∗∗ (0.133) 13605 0.093



0.344∗∗∗ (0.129) 13605 0.095



0.283∗∗ (0.135) 13605 0.094



0.382∗∗ (0.168) 13605 0.1



0.387∗ (0.198) 13605 0.102



0.346∗∗∗ (0.132) 9596 0.089



0.357∗∗∗ (0.13) 9596 0.091



0.279∗∗ (0.139) 9596 0.09



0.479∗∗ (0.199) 9596 0.096



0.564∗∗ (0.221) 9596 0.099



0.367∗ (0.199) 4009 0.124



0.348∗ (0.192) 4009 0.128



0.328 (0.205) 4009 0.127



0.138 (0.337) 4009 0.139



0.024 (0.39) 4009 0.146



0.001 (0.021) 13605 0.1



0.005 (0.021) 13605 0.101



-0.004 (0.023) 13605 0.101



0.013 (0.039) 13605 0.103



0.024 (0.038) 13605 0.105



-0.008 (0.023) 9596 0.098



-0.002 (0.023) 9596 0.1



-0.012 (0.026) 9596 0.099



0.033 (0.049) 9596 0.102



0.063 (0.048) 9596 0.105



0.014 (0.035) 4009 0.129



0.017 (0.035) 4009 0.134



0.009 (0.04) 4009 0.135



-0.044 (0.072) 4009 0.14



-0.062 (0.078) 4009 0.151



X



X X X



Control variables: Constituency development funds * birth year 2009 unemployment rate * birth year County linear trend



X X



Note: Reported coefficients are the estimated interaction coefficient between a dummy variable for high treatment intensity counties and an FSE indicator variable equal to one for all individuals born in 1991 or later. Sample restricted to individuals who have completed at least primary school. All regressions include birth year, county, and ethnicity/religion fixed effects. Standard errors are clustered at the county level. Regressions are weighted using DHS survey weights. Transition rate defined as the percentage of primary school graduates who attend secondary school. Initial transition rate defined as the average transition rate in each county for students born in either 1989 or 1990. ∗∗∗ indicates significance at the 99 percent level; ∗∗ indicates significance at the 95 percent level; and ∗ indicates significance at the 90 percent level.
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Table 5: Difference-in-differences estimates: secondary education



Panel 1: years of education A. Pooled Gender (1-transition rate)*FSE period Observations R2 B. Female Only (1-transition rate)*FSE period Observations R2 C. Male Only (1-transition rate)*FSE period Observations R2 Panel 2: completed secondary school A. Pooled Gender (1-transition rate)*FSE period Observations R2 B. Female Only (1-transition rate)*FSE period Observations R2 C. Male Only (1-transition rate)*FSE period Observations R2



(1)



(2)



(3)



(4)



(5)



2.287∗∗∗ (0.316) 13605 0.101



2.288∗∗∗ (0.317) 13605 0.103



2.081∗∗∗ (0.359) 13605 0.101



2.136∗∗∗ (0.678) 13605 0.106



2.196∗∗∗ (0.661) 13605 0.108



2.434∗∗∗ (0.278) 9596 0.092



2.476∗∗∗ (0.271) 9596 0.095



2.236∗∗∗ (0.338) 9596 0.093



2.115∗∗ (0.85) 9596 0.097



2.385∗∗∗ (0.69) 9596 0.1



2.047∗∗∗ (0.673) 4009 0.125



2.035∗∗∗ (0.616) 4009 0.129



1.942∗∗∗ (0.686) 4009 0.128



2.374∗∗ (1.090) 4009 0.14



2.075 (1.309) 4009 0.147



0.135∗ (0.071) 13605 0.105



0.151∗∗ (0.067) 13605 0.107



0.12 (0.088) 13605 0.106



0.173 (0.13) 13605 0.108



0.213∗ (0.126) 13605 0.111



0.149∗ (0.08) 9596 0.1



0.17∗∗ (0.068) 9596 0.102



0.149 (0.092) 9596 0.101



0.226 (0.148) 9596 0.104



0.332∗∗ (0.13) 9596 0.107



0.085 (0.111) 4009 0.129



0.107 (0.108) 4009 0.134



0.064 (0.129) 4009 0.135



0.046 (0.231) 4009 0.14



-0.05 (0.267) 4009 0.151



X



X X X



Control variables: Constituency development funds * birth year 2009 unemployment rate * birth year County linear trend



X X



Note: Sample restricted to individuals who have completed at least primary school. All regressions include birth year, county, and ethnicity/religion fixed effects. Standard errors are clustered at the county level. Regressions are weighted using DHS survey weights. Transition rate defined as the percentage of primary school graduates who attend secondary school. Initial transition rate defined as the average transition rate in each county for students born in either 1989 or 1990. FSE period defined as birth cohorts after and including 1991. ∗∗∗ indicates significance at the 99 percent level; ∗∗ indicates significance at the 95 percent level; and ∗ indicates significance at the 90 percent level.
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Table 6: Falsification test difference-in-differences estimates: secondary education



Panel 1: years of education A. Pooled Gender (1-transition rate)*FSE period Observations R2 B. Female Only (1-transition rate)*FSE period Observations R2 C. Male Only (1-transition rate)*FSE period Observations R2 Panel 2: completed secondary school A. Pooled Gender (1-transition rate)*FSE period Observations R2 B. Female Only (1-transition rate)*FSE period Observations R2 C. Male Only (1-transition rate)*FSE period Observations R2



(1)



(2)



(3)



(4)



(5)



0.713 (0.45) 7661 0.108



0.462 (0.357) 7661 0.11



0.737 (0.478) 7661 0.108



1.418 (1.028) 7661 0.113



1.034 (1.081) 7661 0.114



0.718 (0.674) 5484 0.099



0.475 (0.548) 5484 0.101



0.731 (0.664) 5484 0.1



1.062 (1.147) 5484 0.105



1.092 (1.323) 5484 0.107



0.517 (0.877) 2177 0.12



0.289 (1.037) 2177 0.124



0.668 (0.92) 2177 0.122



2.482∗ (1.484) 2177 0.142



1.193 (1.922) 2177 0.147



0.058 (0.084) 7661 0.09



0.022 (0.078) 7661 0.092



0.07 (0.096) 7661 0.091



0.05 (0.178) 7661 0.094



0.014 (0.214) 7661 0.096



-0.027 (0.118) 5484 0.088



-0.077 (0.102) 5484 0.09



-0.003 (0.123) 5484 0.089



-0.13 (0.191) 5484 0.095



-0.054 (0.238) 5484 0.097



0.212 (0.176) 2177 0.093



0.214 (0.18) 2177 0.096



0.224 (0.183) 2177 0.097



0.517∗∗ (0.251) 2177 0.11



0.306 (0.311) 2177 0.116



X



X X X



Control variables: Constituency development funds * birth year 2009 unemployment rate * birth year County specific linear trends



X X



Note: All regressions include birth year, county, and ethnicity/religion fixed effects. Standard errors are clustered at the county level. Regressions are weighted using DHS survey weights. Transition rate defined as the percentage of primary school graduates who attend secondary school. Initial transition rate defined as the average transition rate in each county for students born in either 1986 or 1985. Pre-FSE treatment period defined as birth cohorts after and including 1987.
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Table 7: Instrumental variables estimates: fertility behaviors Mean dep. var Pooled Female (1) (2) First intercourse before age: 16



0.226



0.186



17



0.341



0.302



18



0.460



0.425



19



0.604



0.573



20



0.700



0.678



First marriage before age: 16



0.046



0.063



17



0.080



0.109



18



0.130



0.176



19



0.197



0.262



20



0.281



0.364



First birth before age: 16



0.052



17



0.099



18



0.175



19



0.273



20



0.384



Est. treatment effect Pooled Female (3) (4) -0.020 (0.016) -0.054∗∗ (0.023) -0.071∗∗ (0.033) -0.154∗∗∗ (0.047) -0.158∗∗∗ (0.052)



-0.045∗ (0.024) -0.092∗∗∗ (0.032) -0.096∗∗∗ (0.033) -0.179∗∗∗ (0.050) -0.201∗∗∗ (0.065)



-0.024∗ (0.013) -0.049∗∗∗ (0.014) -0.066∗∗∗ (0.018) -0.088∗∗∗ (0.026) -0.130∗∗∗ (0.031)



-0.036∗∗ (0.018) -0.074∗∗∗ (0.018) -0.094∗∗∗ (0.023) -0.106∗∗∗ (0.026) -0.152∗∗∗ (0.041) -0.022 (0.014) -0.033∗ (0.018) -0.033 (0.025) -0.093∗∗∗ (0.035) -0.146∗∗∗ (0.051)



Note: Dependent variable is equal to one if the event (intercourse/marriage/birth) happened before the individual turned age X. Reported values are the estimated coefficients on years of education where years of education is instrumented with cohort * county level exposure. The Fstatistics for the pooled sample are 10.13, 10.13, 10.13, 11.84, and 14.87 for age 16, 17, 18, 19, and 20, respectively. The first birth F-statistics are 19.18, 19.18, 19.18, 22.92, and 15.31. Standard errors clustered at the county level are reported in parenthesis. Sample restricted to individuals who have completed at least primary school. All regressions include birth year, county, and ethnicity/religion fixed effects. Regressions are weighted using DHS survey weights. ∗∗∗ indicates significance at the 99 percent level; ∗∗ indicates significance at the 95 percent level; and ∗ indicates significance at the 90 percent level.
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Table 8: Instrumental variables estimates: contraceptive use



Years of education Constant Observations First stage F-stat:



Uses any contraceptive (1)



Uses modern method (2)



Uses condoms (3)



Can get condoms (4)



0.015 (0.046) 0.332 (0.44) 8298 16.602



-0.006 (0.033) 0.453 (0.311) 8298 16.602



0.013 (0.025) -0.056 (0.244) 8298 16.602



0.03 (0.032) 0.172 (0.346) 3868 8.801



Note: Years of education instrumented with cohort * county level exposure. Standard errors clustered at the county level are reported in parenthesis. Sample restricted to individuals who have completed at least primary school and have had intercourse. All regressions include birth year, county, and ethnicity/religion fixed effects. Regressions are weighted using DHS survey weights. ∗∗∗ indicates significance at the 99 percent level; ∗∗ indicates significance at the 95 percent level; and ∗ indicates significance at the 90 percent level.



Table 9: Instrumental variables estimates: desired fertility



Years of education Constant Observations First stage F-stat:



Pooled (1)



Female (2)



-0.135 (0.114) 4.438∗∗∗ (1.115) 8465 9.293



-0.041 (0.103) 4.083∗∗∗ (1.079) 4502 8.467



Note: Dependent variable is the respondent’s ideal number of children. Years of education instrumented with cohort * county level exposure. Standard errors clustered at the county level are reported in parenthesis. Sample restricted to individuals who have completed at least primary school. All regressions include birth year, county, and ethnicity/religion fixed effects. Standard errors are clustered at the county level. Regressions are weighted using DHS survey weights. ∗∗∗ indicates significance at the 99 percent level; ∗∗ indicates significance at the 95 percent level; and ∗ indicates significance at the 90 percent level.
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Table 10: Instrumental variables estimates: sector of work Agricultural Work (1)



Unskilled Work (2)



Skilled Work (3)



No Work (4)



-0.053 (0.06) 4525 9.213



0.051∗∗∗ (0.019) 4525 9.213



0.17∗∗∗ (0.061) 4525 9.213



-0.038 (0.056) 4295 10.380



0.055∗∗∗ (0.02) 4295 10.380



0.138∗∗∗ (0.051) 4295 10.380



-0.029 (0.053) 3935 12.111



0.058∗∗∗ (0.02) 3935 12.111



0.107∗∗ (0.05) 3935 12.111



Panel 1. Age 18 and over Years of education Observations First stage F-stat:



-0.168∗∗∗ (0.031) 4525 9.213



Panel 2. Age 19 and over Years of education Observations First stage F-stat:



-0.155∗∗∗ (0.03) 4295 10.380



Panel 3. Age 20 and over Years of education Observations First stage F-stat:



-0.136∗∗∗ (0.025) 3935 12.111



Note: Dependent variable is a binary variable equal to one if respondent works in sector X. Years of education instrumented with cohort * county level exposure. Unskilled labor aggregates household/domestic work, service jobs, and unskilled manual labor. Skilled labor aggregates professional/technical/managerial/clerical and skilled manual labor. Standard errors clustered at the county level are reported in parenthesis. Sample restricted to individuals who have completed at least primary school. All regressions include birth year, county, and ethnicity/religion fixed effects. Regressions are weighted using DHS survey weights. ∗∗∗ indicates significance at the 99 percent level; ∗∗ indicates significance at the 95 percent level; and ∗ indicates significance at the 90 percent level.
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Table 11: County expansion at secondary school completion



A. Pooled Gender (1-transition rate)*FSE period Observations R2 B. Female Only (1-transition rate)*FSE period Observations R2 C. Male Only (1-transition rate)*FSE period Observations R2 Control variables: Constituency development funds * birth year 2009 unemployment rate * birth year



(1)



(2)



(3)



(4)



0.192∗∗ (0.097) 423 0.969



0.196∗ (0.104) 423 0.971



0.245∗∗∗ (0.09) 423 0.977



0.246∗∗∗ (0.093) 423 0.977



0.763∗∗ (0.297) 423 0.942



0.751∗∗ (0.295) 423 0.944



0.405∗∗ (0.16) 423 0.966



0.413∗∗ (0.162) 423 0.966



0.557∗∗∗ (0.126) 423 0.948



0.542∗∗∗ (0.129) 423 0.953



0.488∗∗∗ (0.126) 423 0.962



0.483∗∗∗ (0.128) 423 0.964



X



X X



X



Note: Regressions are run at the county-year level. Dependent variable is the county cohort KCSE registration divided by the 2010 cohort KCSE registration. Standard errors clustered at the county level are reported in parenthesis. All columns include year fixed effects as well as county linear trends. ∗∗∗ indicates significance at the 99 percent level; ∗∗ indicates significance at the 95 percent level; and ∗ indicates significance at the 90 percent level.
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Table 12: Student achievement



A. Full sample (1-transition rate)*FSE period (1-transition rate)*FSE period*Female (1-transition rate)*FSE period*Male Observations R2 B. High performers (1-transition rate)*FSE period (1-transition rate)*FSE period*Female (1-transition rate)*FSE period*Male Observations R2



(1)



(2)



(3)



(4)



-0.007 (0.02) .



0.074 (0.047) .



.



.



.



.



3321504 0.039



3321504 0.221



-0.019 (0.02) 0.012 (0.024) 3321504 0.049



0.055 (0.054) 0.112∗ (0.06) 3321504 0.238



0.131 (0.197) .



0.122∗ (0.074) .



.



.



.



.



269436 0.357



269436 0.409



0.147 (0.215) 0.121 (0.197) 269436 0.361



0.01 (0.1) 0.173∗∗ (0.082) 269436 0.418



Control variables: Constituency development funds * birth year 2009 unemployment rate * birth year



X X



X X



Note: Dependent variable is standardized KCSE score. Standard errors clustered at the county level are reported in parenthesis. All columns include county fixed effects and county linear trends while Panel B also includes year fixed effects. Columns 2 and 4 also include dummies for public schools, single gender schools, and district level schools. Controls are interacted with gender for columns 3 and 4. ∗∗∗ indicates significance at the 99 percent level; ∗∗ indicates significance at the 95 percent level; and ∗ indicates significance at the 90 percent level.



Table 13: Estimates from a changes-in-changes model Percentile 0.8 0.9 0.95



Overall



Female



Male



0.037 0.015 0.022



0.063∗ 0.026 0.010



-0.005 -0.018 -0.021



Note: Estimates are from a changes-inchanges model. Standard errors clustered at the county level. County fixed effects and linear trends are included as described in the text above. ∗∗∗ indicates significance at the 99 percent level; ∗∗ indicates significance at the 95 percent level; and ∗ indicates significance at the 90 percent level.
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Appendix Tables and Figures
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Appendix A: Additional Tables and Figures Figure A1: Age distribution of KCPE test takers



Age distribution of 2008 and 2014 exam cohorts
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Density of exam cohort 10 30 20



40



for Central, Nyanza, and Western provinces



10
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14



16



18



20



Age 2008 cohort



2014 cohort



Source: 2008 and 2014 KCPE data. Notes: 2008 data are only available for Central, Nyanza, and Western provinces. The 2014 data are restricted to the same provinces. Data restricted to first time test takers.
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Figure A2: Mean KCSE scores (Public/Private)
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2010



2012



2014



2016



Year Public schools



Private schools



Notes: Mean scores calculated from KCSE data. Each year approximately 12% of test takers attend private schools.
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Figure A3: Secondary school time to completion
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Source: 2014 KCSE Registration Data Note: Fewer than 2% of test takers complete secondary school more than 7 years after primary school.
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Figure A4: Falsification test: Pre-FSE sample



Primary-secondary transition rate .4 .6 .8



Primary to secondary transition rates by birth cohort and by high/low pre-free secondary education program transition rates



-4



-2



0 Cohort



High pre-program access Pre-program linear trend



2 Low pre-program access Pre-program linear trend



Notes: High/low pre-program access defined as whether county average pri-sec transition rate between 1985 and 1986 was above/below the average transition rate. Pri-sec transition rate defined as share of primary school graduates with at least some secondary schooling. Source: 2014 Kenya DHS.
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Figure A5: Probability of secondary school completion by KCPE score
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Source: KCPE results data and KCSE registration data. Note: The graph shows, by primary school completion examination score, the proportion of 2010 primary school completers who registered for the secondary school completion examination in either 2014 or 2015.
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Table A1: DHS sample characteristics Obs.



Mean



S.D.



Median



Min.



Max.



DHS Sample Female



20458



0.73



0.44



1



0



1



Christian Muslim Kalenjin Kikuya Luhya Luo Other ethnicity Urban household



20458 20458 20458 20458 20458 20458 20458 20458



0.84 0.13 0.15 0.15 0.12 0.10 0.22 0.41



0.37 0.34 0.36 0.35 0.33 0.30 0.41 0.49



1 0 0 0 0 0 0 0



0 0 0 0 0 0 0 0



1 1 1 1 1 1 1 1



Years of education Completed primary school Attended some secondary school Completed secondary school



20458 20458 20458 20458



8.21 0.67 0.43 0.28



4.11 0.47 0.50 0.45



8 1 0 0



0 0 0 0



19 1 1 1



Female fertility behaviors: Age at first intercourse Age at first birth Age at first marriage/cohabitation



13287 11104 10718



17.00 18.75 18.37



2.95 3.10 3.41



17 18 18



5 10 9



30 31 31



Male fertility behaviors: Age at first intercourse Age at first marriage/cohabitation



4734 2204



16.31 21.95



3.38 3.25



16 22



5 13



30 30



Intensity (1-transition rate)



20458



0.34



0.12



0.34



0.05



0.66



Source: 2014 Kenya DHS Note: Sample restricted to individuals born between 1983 and 1996.
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Table A2: Binary intensity measure difference-in-differences estimates: primary schooling



A. Pooled Gender High Intensity*FSE period Observations R2 B. Female Only High Intensity*FSE period Observations R2 C. Male Only High Intensity*FSE period Observations R2



(1)



(2)



(3)



(4)



(5)



-0.0005 (0.013) 20458 0.201



0.00002 (0.013) 20458 0.201



0.007 (0.014) 20458 0.201



-0.059∗∗∗ (0.023) 20458 0.204



-0.044∗ (0.023) 20458 0.205



0.006 (0.015) 14934 0.228



0.005 (0.015) 14934 0.229



0.014 (0.015) 14934 0.229



-0.054∗ (0.028) 14934 0.232



-0.032 (0.028) 14934 0.234



-0.011 (0.026) 5524 0.153



-0.006 (0.026) 5524 0.155



-0.015 (0.027) 5524 0.155



-0.057 (0.038) 5524 0.164



-0.066 (0.04) 5524 0.17



X



X X X



Control variables: Constituency development funds * birth year 2009 unemployment rate * birth year County linear trends



X X



Note: Dependent variable is a binary variable equal to one if an individual has completed primary school. All regressions include birth year, county, and ethnicity/religion fixed effects. Standard errors are clustered at the county level. Regressions are weighted using DHS survey weights. Transition rate defined as the percentage of primary school graduates who attend secondary school. Initial transition rate defined as the average transition rate in each county for students born in either 1989 or 1990. FSE period defined as birth cohorts after and including 1991. ∗∗∗ indicates significance at the 99 percent level; ∗∗ indicates significance at the 95 percent level; and ∗ indicates significance at the 90 percent level.
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Table A3: Binary treatment intensity difference-in-differences estimates: secondary education (1)



(2)



(3)



(4)



(5)



A. Falsification for program introduced in 1986 High Intensity*FSE period 0.198∗ (0.119) Observations 10324 R2 0.112



0.139 (0.094) 10324 0.115



0.224∗ (0.126) 10324 0.112



0.229 (0.2) 10324 0.117



0.162 (0.214) 10324 0.12



A. Falsification for program introduced in 1985 High Intensity*FSE period 0.184 (0.13) Observations 11142 R2 0.111



0.126 (0.114) 11142 0.114



0.222 (0.14) 11142 0.111



0.152 (0.214) 11142 0.117



0.121 (0.204) 11142 0.12



0.095 (0.104) 10643 0.111



0.044 (0.086) 10643 0.114



0.104 (0.1) 10643 0.111



-0.047 (0.203) 10643 0.116



-0.157 (0.21) 10643 0.119



0.062 (0.116) 10264 0.113



0.002 (0.12) 10264 0.117



0.082 (0.111) 10264 0.114



-0.03 (0.246) 10264 0.118



-0.06 (0.231) 10264 0.121



0.04 (0.133) 9760 0.113



0.07 (0.145) 9760 0.115



0.085 (0.125) 9760 0.114



0.385∗ (0.207) 9760 0.118



0.504∗∗ (0.232) 9760 0.121



E. Falsification for program introduced in 1981 High Intensity*FSE period -0.158 (0.174) Observations 9353 R2 0.111



-0.075 (0.176) 9353 0.114



-0.133 (0.168) 9353 0.112



0.19 (0.247) 9353 0.117



0.476∗∗ (0.233) 9353 0.12



X



X X X



B. Falsification for program introduced in 1984 High Intensity*FSE period Observations R2 C. Falsification for program introduced in 1983 High Intensity*FSE period Observations R2 D. Falsification for program introduced in 1982 High Intensity*FSE period Observations R2



Control variables: Constituency development funds * birth year 2009 unemployment rate * birth year County linear trend



X X



Note: Reported coefficients are the estimated interaction coefficient between a dummy variable for high treatment intensity counties and an FSE indicator variable equal to one for all individuals born after the introduction of the falsified program. Sample restricted to individuals who have completed at least primary school. All regressions include birth year, county, and ethnicity/religion fixed effects. Standard errors are clustered at the county level. Regressions are weighted using DHS survey weights. Transition rate defined as the percentage of primary school graduates who attend secondary school. Initial transition rate defined as the average transition rate in each county for students born in either 1989 or 1990. ∗∗∗ indicates significance at the 99 percent level; ∗∗ indicates significance at the 95 percent level; and ∗ indicates significance at the 90 percent level.
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Table A4: Binary treatment diff-in-diffs excluding transition cohorts: secondary education



Panel 1: years of education A. Pooled Gender High Intensity*FSE period Observations R2 B. Female Only High Intensity*FSE period Observations R2 C. Male Only High Intensity*FSE period Observations R2 Panel 2: completed secondary school A. Pooled Gender High Intensity*FSE period Observations R2 B. Female Only High Intensity*FSE period Observations R2 C. Male Only High Intensity*FSE period Observations R2



(1)



(2)



(3)



(4)



(5)



0.346∗∗ (0.146) 11684 0.093



0.39∗∗∗ (0.147) 11684 0.101



0.332∗∗ (0.153) 11684 0.1



0.578∗∗∗ (0.192) 11684 0.106



0.605∗∗∗ (0.186) 11684 0.109



0.356∗∗ (0.15) 8246 0.089



0.416∗∗∗ (0.147) 8246 0.095



0.319∗∗ (0.155) 8246 0.095



0.725∗∗∗ (0.234) 8246 0.102



0.852∗∗∗ (0.204) 8246 0.104



0.322∗ (0.194) 3438 0.117



0.389∗∗ (0.188) 3438 0.136



0.407∗ (0.208) 3438 0.135



0.274 (0.459) 3438 0.147



0.151 (0.473) 3438 0.155



-0.014 (0.025) 11684 0.09



0.005 (0.024) 11684 0.108



0.002 (0.027) 11684 0.107



0.03 (0.05) 11684 0.11



0.052 (0.048) 11684 0.112



-0.026 (0.029) 8246 0.091



-0.005 (0.025) 8246 0.106



-0.015 (0.03) 8246 0.105



0.042 (0.072) 8246 0.109



0.085 (0.065) 8246 0.112



0.002 (0.037) 3438 0.106



0.029 (0.033) 3438 0.145



0.04 (0.039) 3438 0.145



-4.09e-06 (0.081) 3438 0.151



-0.011 (0.09) 3438 0.162



X



X X X



Control variables: Constituency development funds * birth year 2009 unemployment rate * birth year County linear trend



X X



Note: Reported coefficients are the estimated interaction coefficient between a dummy variable for high treatment intensity counties and a post period dummy equal to one for all individuals born in 1991 or later. Sample restricted to individuals who have completed at least primary school and excludes the partially impacted cohorts born in 1991 and 1992. All regressions include birth year, county, and ethnicity/religion fixed effects. Standard errors are clustered at the county level. Regressions are weighted using DHS survey weights. Transition rate defined as the percentage of primary school graduates who attend secondary school. Initial transition rate defined as the average transition rate in each county for students born in either 1989 or 1990. FSE period defined as birth cohorts after and including 1991. ∗∗∗ indicates significance at the 99 percent level; ∗∗ indicates significance at the 95 percent level; and ∗ indicates significance at the 90 percent level.
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Table A5: OLS estimates: fertility behaviors Mean dep. var Pooled Female (1) (2) First intercourse before age: 16



0.226



0.186



17



0.341



0.302



18



0.460



0.425



19



0.604



0.573



20



0.700



0.678



First marriage before age: 16



0.046



0.063



17



0.080



0.109



18



0.130



0.176



19



0.197



0.262



20



0.281



0.364



First birth before age: 16



0.052



17



0.099



18



0.175



19



0.273



20



0.384



Est. treatment effect Pooled Female (3) (4) -0.033∗∗∗ (0.002) -0.045∗∗∗ (0.002) -0.053∗∗∗ (0.003) -0.052∗∗∗ (0.002) -0.048∗∗∗ (0.002)



-0.037∗∗∗ (0.002) -0.055∗∗∗ (0.003) -0.067∗∗∗ (0.003) -0.066∗∗∗ (0.003) -0.061∗∗∗ (0.003)



-0.013∗∗∗ (0.001) -0.023∗∗∗ (0.001) -0.034∗∗∗ (0.002) -0.047∗∗∗ (0.002) -0.055∗∗∗ (0.002)



-0.018∗∗∗ (0.002) -0.031∗∗∗ (0.002) -0.046∗∗∗ (0.002) -0.062∗∗∗ (0.002) -0.071∗∗∗ (0.002) -0.011∗∗∗



(0.001) -0.022∗∗∗ (0.002) -0.043∗∗∗ (0.002) -0.062∗∗∗ (0.002) -0.077∗∗∗ (0.003) Note: Dependent variable is equal to one if the event (intercourse/marriage/birth) happened before the individual turned age X. Reported values are the estimated coefficients on years of education. Standard errors clustered at the county level are reported in parenthesis. Sample restricted to individuals who have completed at least primary school. All regressions include birth year, county, and ethnicity/religion fixed effects. Regressions are weighted using DHS survey weights. ∗∗∗ indicates significance at the 99 percent level; ∗∗ indicates significance at the 95 percent level; and ∗ indicates significance at the 90 percent level.
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Table A6: School openings (by type) (1)



(2)



(3)



(4)



(1-transition rate)*FSE period*Public



0.136 (0.099) .



0.13 (0.105) .



0.176 (0.081) .



0.171∗∗ (0.083) .



(1-transition rate)*FSE period*Private



.



.



.



.



423 0.968



423 0.97



423 0.975



423 0.976



(1-transition rate)*FSE period



Observations R2



∗∗



Control variables: Constituency development funds * birth year 2009 unemployment rate * birth year



X X



X X



Note: Regressions are run at the county-year level. Dependent variable is the change in number of schools from 2006 levels. Standard errors clustered at the county level are reported in parenthesis. All columns include year and county fixed effects as well as county linear trends. ∗∗∗ indicates significance at the 99 percent level; ∗∗ indicates significance at the 95 percent level; and ∗ indicates significance at the 90 percent level.



Table A7: Class size changes expansion (1)



(2)



(3)



(4)



4.991 (3.901) .



.



.



(1-transition rate)*FSE period*Public



4.279 (3.695) .



(1-transition rate)*FSE period*Private



.



.



52797 0.283



52797 0.283



0.418 (4.235) 10.616 (7.314) 52797 0.301



0.334 (3.934) 14.892∗ (8.009) 52797 0.301



(1-transition rate)*FSE period



Observations R2 Control variables: Constituency development funds * birth year 2009 unemployment rate * birth year County linear trend



X X X



X X X



Note: Dependent variable is number of students in school cohort and the regressions are run at the school-year level. Standard errors clustered at the county level are reported in parenthesis. All columns include year and county fixed effects. ∗∗∗ indicates significance at the 99 percent level; ∗∗ indicates significance at the 95 percent level; and ∗ indicates significance at the 90 percent level.



64



Appendix B: Robustness samples B1



Appendix B1: Drop Nairobi/Mombasa



The Kenya DHS does not include information on where individuals received their schooling or their county of birth. As my identification exploits geographic variation in exposure to FSE, internal migration poses a potential threat. In this section, I repeat the main educational attainment analysis excluding Kenya’s two largest cities and main migration destinations: Nairobi and Mombasa. Figure B3 depicts a similar shape to the interactions coefficient figure suggesting that the intensity measure is unrelated educational gains prior to the program and correlated with gains following the program. Similarly, table B1 presents the difference-in-differences estimates illustrating similar impacts on education as the full sample.



Figure B1: No cities



Interaction between year of birth and treatment intensity



Interaction coefficient -2 -1 0 1 2 3 4
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Table B1: Difference-in-differences estimates: education - no cities



Panel 1: years of schooling (1-transition rate)*FSE period Observations R2 Panel 2: completed secondary school (1-transition rate)*FSE period Observations R2



(1)



(2)



(3)



(4)



(5)



2.196∗∗∗ (0.426) 12485 0.091



2.176∗∗∗ (0.431) 12485 0.093



2.129∗∗∗ (0.436) 12485 0.092



2.886∗∗∗ (1.014) 12485 0.097



2.679∗∗∗ (1.006) 12485 0.101



0.183∗ (0.106) 12485 0.099



0.18∗ (0.103) 12485 0.101



0.18∗ (0.109) 12485 0.101



0.214 (0.25) 12485 0.103



0.189 (0.223) 12485 0.106



X



X X X



Control variables: Constituency development funds * birth year 2009 unemployment rate * birth year County specific linear trends



X X



Note: All regressions include birth year, county, and ethnicity/religion fixed effects. Standard errors are clustered at the county level. Regressions are weighted using DHS survey weights. Transition rate defined as the percentage of primary school graduates who attend secondary school. Initial transition rate defined as the average transition rate in each county for students born in either 1989 or 1990. FSE period defined as birth cohorts after and including 1991.
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B2



Appendix B2: Drop smallest population counties



As described in Section 5.1, I define my primary to secondary transition rates using individuals in the 1989 and 1990 cohorts. In this section, I repeat the analysis excluding the smallest population counties for whom the transition rate is calculated based on a small number of observations and thus may be particularly susceptible to measurement error: Garissa, Mandera, Marsabit, Samburu, Turkana, and Wajir. Figure B2 depicts a similar shape to the interactions coefficient figure suggesting that the intensity measure is unrelated educational gains prior to the program and correlated with gains following the program. Similarly, table B2 presents the difference-in-differences estimates illustrating similar impacts on education as the full sample



Figure B2: No small counties
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Table B2: Difference-in-differences estimates: education - no small counties



Panel 1: years of schooling (1-transition rate)*FSE period Observations R2 Panel 2: completed secondary school (1-transition rate)*FSE period Observations R2



(1)



(2)



(3)



(4)



(5)



2.360∗∗∗ (0.302) 12970 0.098



2.358∗∗∗ (0.303) 12970 0.1



2.089∗∗∗ (0.35) 12970 0.099



2.200∗∗∗ (0.69) 12970 0.103



2.327∗∗∗ (0.665) 12970 0.106



0.15∗∗ (0.07) 12970 0.102



0.169∗∗ (0.066) 12970 0.104



0.121 (0.09) 12970 0.103



0.192 (0.133) 12970 0.105



0.213∗ (0.128) 12970 0.108



X



X X X



Control variables: Constituency development funds * birth year 2009 unemployment rate * birth year County specific linear trends



X X



Note: All regressions include birth year, county, and ethnicity/religion fixed effects. Standard errors are clustered at the county level. Regressions are weighted using DHS survey weights. Transition rate defined as the percentage of primary school graduates who attend secondary school. Initial transition rate defined as the average transition rate in each county for students born in either 1989 or 1990. FSE period defined as birth cohorts after and including 1991.
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B3



Appendix B3: Unrestricted DHS sample (1983-1996)



The main analysis restricts attention to a sample of primary school completers for whom the program could change their decision to attend secondary school. This section relaxes that focus and examines the impacts in the full DHS sample born between 1983 and 1996.



Figure B3: Full DHS sample
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Table B3: Difference-in-differences estimates: secondary education



Panel 1: years of education A. Pooled Gender (1-transition rate)*FSE period Observations R2 Panel 2: completed secondary school A. Pooled Gender (1-transition rate)*FSE period Observations R2



(1)



(2)



(3)



(4)



(5)



1.746∗∗ (0.791) 20458 0.291



1.723∗∗ (0.694) 20458 0.292



2.325∗∗∗ (0.692) 20458 0.293



1.414 (0.873) 20458 0.298



2.064∗∗ (0.888) 20458 0.299



0.083 (0.052) 20458 0.149



0.094∗ (0.051) 20458 0.151



0.1∗ (0.057) 20458 0.15



0.07 (0.113) 20458 0.151



0.132 (0.114) 20458 0.153



X



X X X



Control variables: Constituency development funds * birth year 2009 unemployment rate * birth year County linear trend



X X



Note: All regressions include birth year, county, and ethnicity/religion fixed effects. Standard errors are clustered at the county level. Regressions are weighted using DHS survey weights. Transition rate defined as the percentage of primary school graduates who attend secondary school. Initial transition rate defined as the average transition rate in each county for students born in either 1989 or 1990. FSE period defined as birth cohorts after and including 1991. ∗∗∗ indicates significance at the 99 percent level; ∗∗ indicates significance at the 95 percent level; and ∗ indicates significance at the 90 percent level.
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B4



Appendix B4: Alternative treatment definition



The main student achievement results above assumes that individuals in cohorts prior to 2011 are not impacted by FSE. While students in the pre-2011 cohorts were not induced by the program to attend secondary school, there may be resource dilution effects where the quality of the schooling provided to these students is lower due to larger cohorts in the grades below. In this section, I rerun the analysis with an alternative definition of treatment that accounts for the potential impacts of these larger cohorts on the achievement of the pre-FSE cohorts.



B4.1



Defining treatment



Consider a student in the cohort that completed secondary school in 2008. This student completed the first three years of secondary school before FSE was announced and was only impacted by FSE by having a larger cohort in form 1 while this student was in form 4. Therefore, for three years, the student was not impacted and in the final year, the student was impacted only by having a larger cohort in one of the younger grades. Therefore, of the 16 cohorts that were in school while this student attended secondary school, only one was admitted under FSE. Similarly, for a student who completed secondary school in 2009, three of the 16 cohorts were FSE cohorts. With this in mind, I define an alternative intensity measure for county j and cohort k, Iˆj k as the county intensity measure, Ij k, multiplied by the fraction of the overlapping cohorts that were admitted under the FSE regime. Compared to the original treatment intensity multiplier which switches from 0 to 1 in 2011, this alternative measure ramps up as shown in figure B4. This alternative approach is not valid for the analysis of education attainment but may be more representative of the impact of FSE on educational achievement. With that in mind, I present the results analogous to regression 18 and table 12.
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Figure B4: Treatment intensity multiplier



2006 2007 2008 2009 2010 2011 2012 2013 2014 2015



Intensity multiplier



Alternative intensity multiplier



0.000 0.000 0.000 0.000 0.000 1.000 1.000 1.000 1.000 1.000



0.000 0.000 0.063 0.188 0.375 0.625 0.813 0.938 1.000 1.000



Note: Alternative intensity multiplier calculated as the fraction of cohorts that were admitted under FSE during the four years leading up to the KCSE examination. Using the 2010 cohort as an example, when they entered secondary school in 2007, none of the cohorts were FSE cohorts. In form 2, one of the four cohorts were FSE cohorts. In form 3, two of the four cohorts were FSE cohorts. In form 4, three of the four cohorts were FSE cohorts. This generates an average FSE cohort fraction of (0+1+2+3)/16 = 6/16.
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Table B4: Student achievement: alternative treatment intensity



A. Full sample Alternative treatment intensity Alternative treatment intensity*Female Alternative treatment intensity*Male Observations R2 B. High performers Alternative treatment intensity Alternative treatment intensity*Female Alternative treatment intensity*Male Observations R2 Control variables: Constituency development funds * birth year 2009 unemployment rate * birth year



(1)



(2)



(3)



(4)



-0.023 (0.068) .



0.251 (0.175) .



.



.



.



.



3321504 0.039



3321504 0.221



-0.059 (0.069) 0.024 (0.076) 3321504 0.049



0.141 (0.188) 0.372∗∗ (0.184) 3321504 0.238



0.151 (0.259) .



0.419 (0.334) .



.



.



.



.



0.188 (0.287) .



269436 0.357



269436 0.409



269436 0.361



-0.211 (0.378) 0.751∗∗ (0.328) 269436 0.418



X X



X X



Note: Dependent variable is standardized KCSE score. Standard errors clustered at the county level are reported in parenthesis. All columns include county fixed effects and county linear trends while Panel B also includes year fixed effects. Columns 2 and 4 also include dummies for public schools, single gender schools, and district level schools. Controls are interacted with gender for columns 3 and 4. ∗∗∗ indicates significance at the 99 percent level; ∗∗ indicates significance at the 95 percent level; and ∗ indicates significance at the 90 percent level.
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Appendix C: Simulation C1



Simulation adding lower quality students



This section details a simulation designed to measure the impact of a hypothetical policy that only adds lower quality students. In the pre-FSE period, I keep all students and their grades. For the post-FSE period, I first keep the highest performing students in each county where the number of students kept is equal to the 2010 county cohort size. This yields a sample of individuals, in each county and for each year, that is equal in size to the 2010 cohort. I then add any students observed in the exam but not included in this sample to the sample with an assigned score of 0. For all post-FSE individuals I then randomly draw a value from a uniform [0,1] distribution which is added to their score. I then rescale the post-FSE grades to match the empirical pre-FSE distribution. As desired, this process yields a sample where any additional students added after the introduction of FSE are assumed to be lower performing than the existing student body: the high performing students are of the same size and distribution across counties as the last pre-FSE cohort and all new students are assigned random grades and across counties in proportion to actual student body growth. I bootstrap this process 1,000 times.



Table C1: Simulated no-credit constraint student achievement impact



(1-transition rate)*FSE period Observations R2 Control variables: Constituency development funds * birth year 2009 unemployment rate * birth year County linear trend



(1)



(2)



-0.303∗∗∗ (0.001) 3326790 0.019



-0.335∗∗∗ (0.001) 3073281 0.213 X X X



Note: Dependent variable is adjusted standardized KCSE score. Scores in post-FSE period simulated assuming all additional students in a county beyond 2010 county registration are the lowest performing students in the county. Scores were randomly generated for these students and then normalized to match the 2010 score distribution. All columns include county fixed effects. Estimates obtained from bootstrapped simulation. R2 from single run. ∗∗∗ indicates significance at the 99 percent level; ∗∗ indicates significance at the 95 percent level; and ∗ indicates significance at the 90 percent level.
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