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Abstract

There is limited experimental evidence of the impact of large-scale, government-led school
meals programs on educational achievements. We report results from a nationwide randomized trial
of the Government of Ghana’s school feeding program. After two years, program availability led to
moderate increases in test scores for the average pupil, and to remarkable learning and cognitive
gains for girls, and children from poorest households and regions. Increases in enrolment,
attainment, and shifts in time spent at school constituted mechanisms for impact. The program
combined social protection with equitable human capital accumulation, thus contributing to the

“learning for all” sustainable development agenda.

Aurino: Department of Management and Centre for Health Economics and Policy
Innovations. Imperial College Business School, Tanaka Building. South Kensington Campus,
Imperial College London. London SW7 2AZ, UK (e.aurino@imperial.ac.uk)

Gelli: Poverty, Health and Nutrition Division, International Food Policy Research
Institute. 201 Eye St., NW, Washington, DC 20005-3915 USA (a.gelli@Qcgiar.org)

Adamba: School of education and leadership & Institute of Statistical, Social, and
Economic Research. P.O. Box LG 1181 University of Ghana, Legon, Ghana (cadamba@ug.edu.gh)

Osei-Akoto: Institute of Statistical, Social, and Economic Research. P.O BOX LG 74,
University of Ghana, Legon, Ghana (ioseiak@ug.edu.gh)

Alderman: Poverty, Health and Nutrition Division, International Food Policy Research
Institute. 201 Eye St., NW, Washington, DC 20005-3915 USA (h.alderman@cgiar.org)

Corresponding author: Aurino

Acknowledgments

The authors gratefully acknowledge the enabling environment provided by the
Government of Ghana, particularly the Ghana School Feeding Programme (GSFP), for
supporting the trial. Specific individuals include GSFP national coordinator, Hon Siedu;
and Paakuna Adamu and his team, including Mrs Kuma Mintah, Mrs Anima Wilson, Mrs
Susan Torson, and Mr Kwame Nuako, as well as regional and monitoring coordinators and

1


mailto:ioseiak@ug.edu.gh

district desk officers, who also provided significant support. The authors also thank Prof
Lesley Drake at the Partnership for Child Development (PCD) for her critical role in making
the trial possible; they recognize the key role played by PCD staff and associates in London
and Ghana, in particular, Don Bundy, Daniel Mumuni, and Josephine Kiamba, Getrude
Ananse-Baiden, Lutuf Abdul-Rahman, Rosanna Agble, Abigail Bondzie, and Fred Amese.
Also, they thank Felix Asante, Kwabena M. Bosompem, Gloria Folson, Anthoni Kusi,
Daniel K. Arhinful, and Irene Ayi at the University of Ghana. We also wish to thank Pedro
Rosa Dias, Jan Ross, Franco Sassi, Jacob De Hoop, Chung Truong Hoang, and participants
at seminars at IPA Conference on Education in Ghana, Italian Conference of Public
Economics, and UNICEF Innocenti Research Centre for helpful comments.

The authors acknowledge funding from the Bill and Melinda Gates Foundation, the
World Bank, and Dubai Cares. Elisabetta Aurino gratefully acknowledges the financial
support of the Imperial College Research and Guido Cazzavillan Research Fellowships and
the hospitality of Prof. Felix Asante and his team at ISSER/University of Ghana during
initial analyses.

The trial has received IRB approval from the University of Ghana. This study is
registered in the AEA RCT Registry and the unique identifying number is AEARCTR-
0003629. The trial is also registered in the ISRCTN registry with the following identifying
number ISRCTN66918874.



1 Introduction

Average learning levels for primary school pupils in low- and middle-income countries
(LMICs) are dismal: for instance, only 40 percent of students in Sub-Saharan Africa (SSA)
master basic literacy and numeracy at the end of primary school (World Bank 2018).
Further, large inequalities in achievements are present, with children from lower
socioeconomic status or rural households, and, sometimes girls, lagging behind the average
pupil. This "learning crisis" occurred despite unprecedented expansion in primary school
access and completion: in SSA, for example, 78 percent of children at primary school age
were enrolled in 2014, up from 58 percent in 1999 (World Bank 2017). Coherently with the
principle of "quality education for all" underscored by the Sustainable Development Goal 4
(SDG4), raising average learning achievements in an equitable way is a pressing global
educational objective.

Currently, there is very limited rigorous evidence focusing on the effectiveness of
large-scale, government-led interventions on human capital, especially in SSA. One of such
interventions is school feeding, which ranks amongst the world’s most common forms of
social protection. Every day, about 368 million children receive some form of school feeding
globally, for an estimated investment of $70 billion a year (Honorati, Gentilini, and Yemtsov
2015; WFP 2013). In SSA, since the early 2000s, a large number of countries have invested
in school feeding as a multisectoral strategy involving education, health, and agriculture
(Alderman and Bundy 2012; Drake et al. 2017). These programs can be relatively expensive
to operate: at an average cost of US$54 and US$83 per child per year in low- and middle-
income countries, respectively, and often with limited poverty targeting, the share of the
educational budgets devoted to school feeding is considerable (Gelli and Daryanani 2013).

Quantifying the impact of school feeding on educational achievements is thus critical for



policy makers evaluating intervention options to attain SDG4 in resource-constrained
settings.

School feeding has a robust track record in increasing school participation (Alderman
and Bundy 2012; Drake et al. 2017; Kristjansson et al. 2015). Yet, experimental evidence
on the effectiveness of school feeding on educational achievements is more limited, and with
mixed findings (see Appendix A and Snilstveit et al. [2015] for a meta-analysis). Of
importance, in Africa and elsewhere, experiments have evaluated programs implemented as
part of international food assistance, usually by the World Food Programme (WFP) or
other international NGOs, at a relatively limited scale (Alderman, Gilligan, and Lehrer
2012; Kazianga, de Walque, and Alderman 2012, 2014; Neumann et al. 2007; Omwami,
Neumann, and Bwibo 2011; Powell et al. 1998; van Stuijvenberg et al. 1999; Vermeersch
and Kremer 2005). In these studies, school feeding was usually undertaken in restricted
geographic contexts during limited time periods between baseline and follow-up, and
programs often employed complex or unsustainable supply chain logistics (e.g., menus
including perishable and/or higher-cost foods).

Government programs reaching daily large populations may suffer from a number of
additional challenges as compared to smaller-scale interventions implemented by
international NGOs, including market equilibrium effects and spillovers (Acemoglu 2010;
Cunha, De Giorgi, and Jayachandran 2018; Filmer et al. 2018); endogenous political
economy reactions (Bold et al. 2018); heterogeneity by site or implementer characteristics
(Allcott and Mullainathan 2012); and implementation challenges related to scale, including
poor monitoring (Linnemayr and Alderman 2011). These issues may all hamper the
generalizability of evidence based on smaller-scale, internally-valid trials to “real-world”
programs reaching large populations (Banerjee et al. 2016; Bold et al. 2018; Deaton and

Cartwright 2018; Nandi et al. 2017; Pritchett and Sandefur 2015). Also, existing literature



has seldom analyzed mechanisms underpinning treatment effects, which are instead critical
to assess external validity. Analysis of heterogeneity in treatment effects between average
and marginalized learner groups constitutes a further key evidence gap (Bashir et al. 2018;
Evans and Yuan 2018).

We tackle these gaps by providing novel experimental evidence on the impact of the
Ghana School Feeding Programme (GSFP) on child educational achievements. The GSFP
provides a free, hot-cooked daily meal to over 2 million pupils in government primary
schools across Ghana. In collaboration with the Government of Ghana, we conducted a
randomized control trial around the re-targeting and scale-up of the GSFP to the country’s
most food insecure districts, which were previously not covered by the program®. While the
overall trial aimed at assessing program impacts on education, nutrition, and agriculture?
(see Gelli et al., 2016), here we report treatment effects on per-protocol educational
attainments outcomes, including child learning (maths, literacy), cognition (working
memory, problem-solving ability), and overall achievements®. We also assess treatment
effects mechanisms and heterogeneity by per-protocol population subgroups.

Ghana represents an ideal context to study the learning effects of government school
meals programs, as its challenges are similar to the ones currently faced by many other
LMICs. First, while the government’s efforts to raise schooling in the 2000s resulted in
primary enrolment rates that are among the highest in SSA, average learning levels remain
disappointingly low: a 2017 study highlighted that more than 80 percent and 70 percent of
Grade 2 and Grade 4 students, respectively, could not read a single familiar word or perform

a two-digit subtraction (World Bank 2018). Second, wide inequalities in achievements exist

' The Government had approved an expansion of the program to over 3 million children by July 2016, but data
on actual coverage are not available (http://mogesp.gov.gh/ghana-school-feeding-programme-gsfp/).

2 The results of the analyses on child anthropometrics and community agriculture will be published separately.

3 These are three composite scores of, respectively: maths and literacy, cognition and working memory, and of

all test scores.



by gender, poverty, and place of residence (World Bank 2018). Third, despite rapid
economic growth, food insecurity and poverty are widespread, particularly in rural areas.
In this context, school feeding programs, through targeting the transfer directly at the child
conditional on school attendance, may be more effective in raising learning through lowering
educational costs, including the opportunity cost of schooling, than alternative social
protection measures that target households, such as cash transfers or generalized food
assistance (Aurino et al. 2018). This mechanism could be particularly effective among the
most vulnerable groups of learners. Further, Ghana is highly varied in terms of agroecology,
ethnicity, socioeconomics, as well as political and administrative capacities. Uncovering the
average effect of the program, in face of this diversity and potential heterogeneous program
implementation and monitoring across regions is therefore of interest for policy makers
operating in similar settings.

Following the methodology outlined in our study protocol (Gelli et al. 2016), we
document the following intent-to-treat (ITT) findings. After almost two academic years of
implementation, exposure to school feeding led to increases in all scores considered by about
0.1 to 0.16 standard deviations (9, hereafter) for the average pupil. We note that these
findings are likely to correspond to lower bounds of potential effects, as program take-up
was imperfect and implementation challenges were present. The latter mostly related to
severe delays in financial disbursements to the caterers, which are in charge of procuring
food, and cooking and serving the meals. Turning to heterogeneity, we find strong variation
in program impact in favor of the most marginalized groups of learners. Girls’ maths,
literacy, and learning composite scores increased by 0.29 in school feeding communities.
Treatment effects among children living in the northern regions, the country's most
disadvantaged areas, and for children from households below the poverty line at baseline

ranged between 0.258 and 0.38 across all scores. The offer of school feeding led to increases



in school enrolment, grade attainment, and, for the poorest children, shifts in child time use
from housework toward increased time in school, which we interpret as likely impact
pathways. Overall, these results underscore the social protection-cum-human capital
accumulation of a large-scale, government-led school feeding program, which appeared
particularly effective in raising learning outcomes among the most vulnerable learner
subgroups in Ghana.

We believe that this paper contributes to the literature in multiple ways. To the best
of our knowledge, this is the first field experiment from Africa investigating the effects of a
government-led, nationwide program on a rich set of educational attainments. Therefore, it
adds to an experimental literature on school feeding that, as noted, is overwhelmingly
focused on smaller-scale trials based on programs financed and implemented by
international actors (see Appendix A). So far, only a few studies have focused on the impact
of government-run school meals programs on learning using quasi-experimental methods. In
India, Chakraborty and Jayaraman (2016) exploited staggered program implementation to
identify positive effects of the local “midday-meal” scheme on maths and literacy. Recently,
two trials have used the infrastructure of the Indian school feeding program to scale up food
fortification, with mixed effects on learning (Berry et al. 2018; Kramer, Kumar, and Vollmer
2018). In Chile, a middle-income country with little undernutrition, McEwan (2013) applied
a regression discontinuity design to administrative data, without finding any impacts of the
local school feeding program on fourth-grade test scores. Belot and James (2011) evaluated
the educational effects of improvements in the quality of school meals in a borough of
London by employing difference-in-difference. They found evidence of improved English and
science scores and decreases in absenteeism due to sickness.

Additionally, we provide evidence on treatment effects heterogeneity for the most

marginalized learners, which is, surprisingly, an under-investigated topic in educational



research in LMICs (Bashir et al. 2018; Evans and Yuan 2018; World Bank 2018). Our
findings suggest that in contexts characterized by wide educational inequalities such as
Ghana, school feeding programs may be able to “level the playing field” by raising learning
outcomes, especially among children at the margin (Jukes, Drake, and Bundy 2008).

More broadly, this study speaks to a body of literature employing randomized trials
to evaluate the learning and cognitive impacts of educational, health, and social protection
interventions, particularly in SSA (Evans and Popova 2015; Glewwe and Muralidharan
2016; De Groot et al. 2015). In the case of social protection, existing evidence is
overwhelmingly focused on schooling (enrolment and attendance), rather than on learning
achievements (Baird et al. 2014; De Groot et al. 2015).

This paper is organized as follows. The next section presents the background and
the study design. Then, Section 3 illustrates the data and identification strategy. Sections
4 and 5, respectively, present the ITT estimates and potential mechanisms for impact.

Section 6 concludes, including discussion of costs.

2 Background and Study Design

2.1School feeding and child learning: potential pathways

for impact

Improved school participation, changes in time use, and enhanced health and
nutrition constitute potential channels through which school feeding can affect learning
(Adelman, Gilligan, and Lehrer 2009). First, school meals may have an incentive effect on
enrolment and attendance by subsidising the cost of education through the provision of a
free meal conditional on attendance, which may contribute to shifting household decisions

toward increased schooling. In turn, increased attendance may have a positive effect on



learning. Also, the school feeding transfer may free up resources that households could use
to purchase additional educational inputs for improved child learning, such as books, other
educational materials, or private tuition.

Second, beyond fostering attendance through subsidising the costs of education,
school feeding may contribute to changing children’s time use through a shift from labor
(particularly in agriculture) toward increased time devoted to educational activities
(Alderman, Gilligan, and Lehrer 2012; Kazianga, De Walque, and Alderman 2009). A meta-
analysis has shown that increases in time spent at school may be an important pathway to
better learning achievements (Snilstveit et al. 2015).

Also, by addressing short-term hunger and micronutrient deficiencies, including iron
and iodine, school feeding can positively affect children’s learning and cognition via reduced
morbidity-related absenteeism, better micronutrient status, and increased concentration in
the classroom. It may be plausible that teachers can be more motivated by interacting with
more responsive pupils (Afridi, Barooah, and Somanathan 2013; Glewwe and Kremer 2006).
The potential health impacts of school feeding may be offset by substitution between meals,
or changes in the intrahousehold distribution of food, as this could be diverted away from
the child receiving the free meal, though evidence of this effect is inconclusive (Ahmed 2004;
Chakraborty and Jayaraman 2016; Jacoby 2002; Kazianga et al. 2014). Also, high
heterogeneity in the health pathway may be present, with effects mostly concentrated
among malnourished children (Kramer, Kumar, and Vollmer 2018; Powell et al. 1998).

Investments in children’s education, and related academic attainments, can vary by
child and household characteristics (e.g., uneducated parents, poorest or remote households,
etc.), and by school quality (e.g., teachers availability and experience, educational supplies,
and facilities, etc.). It may be the case that marginalized learner groups such as girls, lower-

ability children, and children from economically-disadvantaged households and areas may



benefit disproportionally more from the transfer in terms of human capital investments than
less disadvantaged pupils (Akresh, De Walque, and Kazianga 2013; Bjoérkman-Nyqvist

2013).

2.2 Educational setting and the GSFP

Ghana’s basic education is compulsory between 5 and 15 years. During the 2000s,
the country prioritised school participation through various initiatives, including the GSFP.
These efforts resulted in a substantial expansion of basic education, with primary enrolment
moving from 61 percent in 1999 to 87 percent in 2016 (World Bank 2017). Despite these
impressive achievements, an estimated 300,000 to 800,000 children are still out of primary
school, mostly from households below the poverty line and from the country’s northern
regions (UNDP Ghana 2015). Moreover, Ghana’s success in expanding schooling has not
been matched by corresponding improvements in learning, which remain overwhelmingly
low as compared to international standards (Ministry of Education/RTI International
2014). As per educational access, wide inequalities in achievements exist by gender, poverty,
and northern regions (World Bank 2018).

The Government of Ghana initiated the GSFP with a 4-year program budget of over
US$200 million (GSFP 2006). Funding for the program is now integrated to the government
annual budget. GSFP coordination and implementation are undertaken by a National
Secretariat, with program oversight provided by the Ministry of Gender, Children and Social
Protection. The program is decentralized; private caterers are awarded contracts by the
GSFP to procure, prepare, and serve food to pupils in the targeted schools. Cash transfers
(and, recently, electronic payments) are made from the District Assemblies to caterers based
on 54 Ghana pesewas per child per day (circa US$0.33) every two weeks. Each caterer is
responsible for procuring food from the market on a competitive basis, preparing school

meals and distributing food to pupils. Supervision at the school level is undertaken by the
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School Implementing Committees. Delayed reimbursements to caterers are common, with
delays as long as half a year or even a whole year (SEND-Ghana 2013). Delayed payments
to caterers often result in caterers reducing the quantity or quality of food provided, or
adjusting the school feeding menus, thus likely influencing program quality, and potentially,

effectiveness (Ghana Institute of Management and Public Administration 2011).

2.3 Evaluation design

The trial was designed around the scale-up of the GSPF to new intervention districts,
based on the 2012 retargeting exercise. The retargeting was guided by the development of
poverty and food insecurity rankings to assess potential priority districts in which the GSFP
could be rolled-out. Rankings were used to generate district-level indices on the share of
national poverty and food insecurity, through which 58 priority districts were identified for
the scale-up of GSFP (see Gelli et al., [2016], for details).

The trial focused on assessing program effects on both child-level (education, health)
and district-level agriculture. In order to affect these different sets of outcomes, program
components were delivered at different administrative levels: the school feeding service
(which was hyphotesised to affect mostly child education and health) was designed to be
delivered at the school-level, while the agriculture-related acivities were delivered at the
district-level, also affecting communities that would not offer school feeding. A complex
study design was therefore required, which was achieved through a multiple-level
randomization (Figure 1). First, districts identified from the retargeting exercise were
randomly assigned to two treatment arms: the standard GSFP and a “home-grown” school
feeding (HGSF) pilot including an integrated package of activities aimed at enhancing the
impact of the GSFP on community agriculture and food security by sourcing the produce
for the meals directly from the local farmers (Gelli et al. 2016). At the second stage, two

schools (and relative school-catchment areas, which we refer to as “communities” therein)
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were randomly assigned within each district to a school feeding or control arm. A protocol
was designed in order to ensure that the sampled schools were comparable based on
Education Management Information System (EMIS) data (for details, see Gelli et al. [2016]).
Following a household census at baseline, approximately twenty-five households with
children in the 5-15 target-age group were randomly selected for interview from each
community. Control communities were planned to receive school feeding at the end of the
trial. The multi-level design compared the child-level outcomes (e.g., education, health)
between children belonging to school feeding (including both GSFP and HGSF modalities)
and control communities, and the agriculture impacts of the HGSF pilot relative to the
regular GSFP at district-level®.

[FIGURE 1 ABOUT HERE]

3 Data and Sample Description

3.1Timeline and Sample

A baseline survey was undertaken in 93 communities between June and September
2013. The follow-up survey was conducted in February-March 2016. Implementation in
treatment communities started in the academic year 2014/15, due to burocratic delays.
Given that the academic year in Ghana usually runs from August to May, the program was
evaluated after roughly two academic years of implementation.

Two communities were excluded from the endline survey, due to logistical problems

related to episodes of local insecurity. Both rounds of household surveys included detailed

! The original design included a three-level randomization, with a subset of HGSF schools receiving
micronutrients constituting a fourth study arm (Gelli et al. 2016). However, the discovery of GSFP already running in 24
schools after the baseline survey, and their consequent exclusion from the sample, led to the removal of the fourth study
arm due to significant loss of power. This decision was also based on substantial delays in delivering micronutrient powders

to the schools that were supposed to receive them.
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modules on household demographics, farm and other assets, expenditures, farming and other
economic activities, child anthropometry, and self-reported® education indicators for all
target-age children in the household, including child enrolment, attendance and grade
attainment, and educational achievements. At endline, data on children’s time use were also
collected. Of the 4,269 target-age children sampled in 2013, 836 were in the last year of
primary school or had already completed primary school. As such, they were not eligible to
receive the GSFP intervention when implementation began and were threfore excluded from
the sample. After three years, we successfully reinterviewed 92 percent of children of target-

age and eligible to receive school feeding, leading to a longitudinal sample of 3,170 children.

3.2Balance of Baseline Covariates and Attrition at Endline

Table 1 presents descriptive statistics of baseline characteristics of the longitudinal
sample by treatment arm. The average child was about 8.5 years old, with children from
the school feeding arm on average a month older than control. Almost all children were
enrolled in school at baseline, and a tenth of them attended private schools. The average
child had completed less than two years of schooling, and about 11 percent had repeated a
grade. Along with the descriptive statistics, we present a balance test to assess whether the
randomization was successful in achieving balance of baseline covariates. The only difference
between the two groups that was statistically significant at 10 percent was age of household
heads in the school feeding arm, which were about one-year-and-a-half older than control
communities. A similar picture emerged from the balance analysis focusing only on the
baseline sample prior to attrition (Appendix B). These findings, together with the relatively
small size of the differences, suggests that the randomization was overall successful in
achieving balance.

[TABLE 1 ABOUT HERE]

° In the case of young children, the caregiver reported on schooling.
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Table 2 presents analysis of attrition at the child level. We do not observe any
unbalance in the probability of remaining in the longitudinal sample based on offer of school
feeding, which would have otherwise introduced some bias in the estimation of the treatment
effects, affecting internal validity®. Column 2 presents analysis of whether baseline test
scores were associated with children being more likely to be resurveyed, which did not
appear to be the case either. Finally, column 3 investigates whether the treatment was
associated with some child characteristics in predicting odds of remaining in the sample,
which may introduce some sample composition bias. We did so by interacting treatment
assignment with the background characteristics we use for heterogeneity analysis. This time,
we find a joint significance of all regressors at the 5 percent level. Also, the interaction
between treatment and children from poor households was moderately significant, as
children from poor households in treatment areas were slightly more likely to be re-
interviewed at endline (93 percent of baseline children were followed up in treatment
communities, viz. 91 percent in control areas, translating in, respectively, for a total of 22
additional children lost in control areas compared to treatment). Also, children from
northern regions were more likely to be re-interviewed. To evaluate further the possible
effects of potential attrition bias on validity of the impact estimates, Appendix C presents
the balance of baseline and endline characteristics across treatment groups for the full
longitudinal sample, as well as for the longitudinal sample stratified by gender, household
poverty and northern region. Across a wide range of baseline child and household
backgrounds, there were no differences between school feeding and control arms in key
characteristics at both baseline and endline for the longitudinal sample. The only exception
is age in months for children from poor households, whereby children in school feeding areas

from income poor households were older at both baseline and endline than children in

6 This result did not change when we split treatment in GSFP and HGSF pilots (available upon request).
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control areas. The same lack of balance in age in months at baseline was evident in the
initial sample prior to attrition. We address this issue by age-standardising all test scores,
as highlighted in section 3.4. Thus, even if there was some evidence of differential attrition
by treatment in the case of children from poorest households, balance was generally
maintened, particularly in light of the relatively low levels of attrition overall, lessening

concerns of a change in the sampling frame by treatment assignment due to attrition.

[TABLE 2 ABOUT HERE]
3.3 Program Uptake and Implementation

Only 61 percent of children in school feeding areas reported receiving school meals
in the previous week at endline, which we refer to as the overall uptake rate. By restricting
the sample of children that were enrolled in primary government schools (as opposed to
private schools) in treatment communities, the uptake rate was 83 percent, indicating that
most children that were still in basic education did in fact receive school meals. We remind
that school meals are not served in secondary schools. Fewer than 2 percent of children in
control areas were found to have received school feeding at endline, ruling out the possibility
of significant crossover, which would have hampered the experimental design.

Appendix D presents correlates of endline program uptake (independent of primary
enrolment status) among children in treatment communities. Coherently with expectations
of older children having progressed to secondary school or being out of school at endline
and thus being less likely to receive school feeding, children aged 5-11 years at baseline were
two times more likely to receive school feeding compared to adolescents (12-15 years at
baseline). There was no gender variation in the odds of uptake, while household poverty at
baseline and northern regions were predictive of about 2 times higher chances of reporting
school meals receipt. Baseline maths and literacy scores were associated with lower odds of

school feeding. This finding may be due to faster progression to secondary school for pupils
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that had higher achievements at baseline. The type of program to which a child was assigned
(e.g, standard GSFP wiz. HGSF pilot) was not predictive of uptake, which reassures about
potential concerns of implementation variation between the two school feeding modalities.

Eighty percent of children that reported receiving school feeding in the treatment
arm at endline ate at school during all days in the previous week, suggesting a fairly regular
service provision. Twenty-three percent of children in the treatment group reported they
were more likely to eat less food at home on days they eat at school, indicating some
substitution between meals. However, only four percent reported to bring to bring their
food from the school meal to share at home. There were no differences between treatment
and control groups in the mean number of school-days in which the child had breakfast
(four out of 5 five days)".

Data collected from school caterers (N=>55) highlighted that 86 percent of them
experienced irregular payments, and about a third of them had not received any payment
in the three months before the survey (available upon request). No regional differences were
evident. Nearly 85 percent of caterers also indicated that often payments are insufficient to
cover operational costs, which led them to recur to credit to avoid changing the content
and size of meals (83 percent), cutting on portion sizes (9 percent), or adopting a mix of

other strategies to reduce costs (e.g. reduce personnel).
3.4Measures of Child Learning and Cognition
Child maths, literacy, SPM and digit span are the primary study outcomes per
protocol. The same 15-item maths and literacy tests, and 12-item SPM and digit span tests

were administered across rounds. Tests were administered at home to ensure that even

children out of school were tested, enhancing internal validity. Given the wide age range

" Fernandes et al (2017) reports detailed findings from focus groups on children’s dietary behaviors in the context
of this evaluation. Also, a companion paper related to impact findings on nutrition will explore these issues in more depth.
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included in the target sample, the tests aimed to assess a basic set of skills in literacy,
maths. and in cognitive development domains. Each section of the test began with basic
domain-specific questions that progressively increased in difficulty in order to cover different
ability levels, particularly in the light of the diverse age range of eligible children. The maths
assessment included questions on recognition of single or double-digit numbers, basic
arithmetics, fractions, and basic problems (e.g., how many minutes/hours in 120 minutes),
while the literacy test assessed letter recognition, reading short words and sentences, and
three final questions on completing a sentence with the correct item among four possible
choices. The standardized progressive matrices test (SPM) test was an adaptation of the
Raven’s progressive matrices test, a commonly-used measure of nonverbal fluid intelligence
and problem-solving ability, while the digit span test focuses on assessing working memory.
For each question of the SPM test, the child was given a set of images, and was asked to
choose the image that would complete the picture. For the digit span test, the child was
presented sequences of numbers of increasing lengths, and was asked to recall the sequences
as prompted (forwards) and reversing the number order (backwards).

Test scores were standardised by child age in months for each survey round, with
the control group having mean 0 and standard deviation 1, in order to deal with the wide
age groups assessed as part of the evaluation. In line with the literature (e.g., Banerjee et
al. [2007] and Das et al. [2013]), this was achieved first by removing interviewer effects from
the raw scores through a OLS regression on interviewer dummies®. Later, the residuals from
these regressions were non-parametrically estimated to obtain age-conditional means and
standard deviations.

We also generated composite indicators of learning, cognition and across all the

8 This approach also helped controlling for potential language effects, as unfortunately we do not have information
on the specific language of administration of the test, as each interviewer spoke a different local language.

17



outcomes considered to address potential issues related to multiple testing’. The summary
indices should enhance statistical power to detect effects that go in the same direction
(Kling, Liebman, and Katz 2006). We computed those as an average from the normalized
test scores, and then standardized again to the control group within each round. In this
way, estimated I'TT effects can be interpreted as the effect size relative to the control group

(Banerjee et al. 2015).
3.5Descriptive Statistics of Learning and Cognition

Table 3 presents descriptive statistics of raw tests scores in the four compentencies
by intervention arm for the longitudinal sample. School feeding children had larger scores
in both rounds, with the difference from control being more pronounced at endline. However,
none of the differences prior to the beginning of the intervention appeared to be statistically
distinguishable from zero'!.

The analysis of the raw scores highlights the low achievement levels in each outcome
and survey round: at baseline, on average, children were not able to respond to at least two
out of 15 questions in the Maths and Literacy tests. This proportion increased slightly three
years later. However, endline scores were still very low, with the average pupil only being
able to respond to about 4 out of 15 correct questions for maths and literacy, which reflects

Ghana’s learning challenges.

 This was not included in our original analysis plan. However, this is a common approach in the literature to
create more general conclusions about the impact of a program on a family of outcomes (Banerjee et al. 2007; Kling,
Liebman, and Katz 2006; Wydick et al. 2016). Wydick et al. (2016) note that this approach “help addressing the issue of
over-testing that could erroneously assign too much importance to a possibly spurious rejection of a single null hypothesis
for one variable within a family of outcomes”(p. 18).

10 Although children were given assessments in all tests, discrepancies in sample sizes across raw and standardised
scores reflect inability to convert raw scores into standardized scores (e.g. lack of child age in months). A similar issue is
highlighted in (Graff Zivin, Hsiang, and Neidell 2018) This could be a potential concern if the missing scores correlate
with treatment assignment. Regressions of treatment on score availability rules out this hypothesis, as the coefficients are
zero and not statistically significant across all outcomes (result available upon request).

A similar picture emerged from the analysis of baseline differences in raw scores for the baseline sample prior
to attrition presented in Supplementary Table A1l. This provides a further reassurance about potential biases in treatment

effects of school feeding on child learning stemming from nonrandom attrition.
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By contrast, the mean levels of Digit Span achievements did not change over time,
and for SPM they decreased between baseline and endline. This decline was common across
all groups, but was wider in the case of the oldest children that were not enrolled at endline
(12-15 years at baseline). This may suggest some deterioriation of cognitive skills after
school leaving, such as recently reported by Soler-Hampesjsek and coathors (2018).

[TABLE 3 ABOUT HERE]|

Appendix E presents raw scores at both rounds by child gender, household poverty
status and by residence (south vs. north Ghana). At both rounds, there were no strong
differences between girls and boys, while gaps between nonpoor and poor children were
evident across all outcomes. The largest disparities in baseline achievements, however, were
between northern and southern regions, underscoring important geographic inequalities in
educational quality between north and south Ghana. Children from the southern regions
had, on average, responded to about one additional question than northern peers across all
competences. This gap substantially reduced or closed at endline.

Figure 2 presents the non-parametric distributions of raw scores in maths and
literacy at both rounds by treatment arm. There were important floor effects for low levels
of achievements in both maths and literacy, whereby a significant proportion of children
did not respond correctly to any question, indicating the tests were too difficult for them.
This was especially marked among younger children at baseline. A basic reading assessment
in Ghana reported similar floor effects, whereby 42 percent and 20 percent of Grade 3 and
Grade 6 students, respectively, did not respond correctly to any of the test’s six questions
(Balwanz and Darvas 2013). Given the relatively-low proportion of children that were able
to respond correctly to all questions, ceiling effects were not a concern. Also, there was an
increase in the variance of learning achievements between baseline and endline. This may

reflect widening of educational inequalities in the transition from primary to higher levels
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of education. At the end of primary school, the most vulnerable children tend to enter the
labor market, thus widening pre-existing educational disparities (De Groot et al. 2015). The
distribution of achievements of the school feeding group appeared to be above the one of
control at endline across the mid- to upper-end of the distribution of both maths and
literacy. The marked gains for above-average levels of achievements among the school
feeding group at endline is clearly observable in Supplementary Figure F1, which plots age-
standardized empirical distributions of maths and literacy by treatment arm and round.
[FIGURE 2 ABOUT HERE]

Figure 3 presents the non-parametric distributions of raw test scores in Digit Span
and SPM scores. For those outcomes, floor effects were less pronounced than in the case of
maths and literacy and their distribution was more evenly distributed across the full range
of cognitive abilities. This is likely due to the fact that both tests measured cognitive
abilities, not schooling achievement (see, Supplementary Figure F2, and Appendix G for
disaggregation of test scores by gender, place of residence, and poverty).

[FIGURE 3 ABOUT HERE]

Finally, we note that the autocorrelations of test scores between baseline and
follow-up were low by the standards usually adopted in the literature!? (maths: p =0.23;
literacy: p =0.31; digit: p =0.19; raven: p =0.13, all significant at <0.01). This finding
may be partially explained by some degree of measurement error, and partly by the three-

year lag between the assessments.

3.6 Identification

We assessed program impact through an ITT approach by comparing test scores
between eligible children that were in communities randomly assigned to the school feeding

program or the control. The ITT parameter represents the average effect of offering school

12 McKenzie (2012), for instance, posits that low autocorrelation ranges between p=0.2 to 0.4.
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feeding to children that were eligible to the program at baseline in treatment communities,
regardless of whether they actually had school lunches at endline. Given the imperfect
program uptake documented in Section 3.3, ITT parameters may likely represent a lower
bound for potential program effects. Yet, they are of high policy relevance as program
offering can only partially influence uptake.

In the analysis plan we outlined two potential strategies to estimate the ITT
parameters, depending on different outcomes of interest: ANCOVA and difference-in-
differences (DiD). The former improves statistical power by conditioning the endline
outcome on the assignment to treatment and the baseline value of the outcome. Following
McKenzie (2012) and Frison and Pocock (1992), this is our preferred estimator due to its
greater efficiency (defined as retaining unbiasdness with lower variance) in estimating
average treatment effects with experimental data, as compared to both the post-estimator
and the DiD approach. Gains in efficiency are particularly marked when outcomes have low
autocorrelation, as in our case. In econometric terms, we estimate the following model:

Yie,y = Qit,j + B1SFitj + B2Yie-1),j + 0 + &irj (1),

Where y;;,j and y;¢—1),j represent, respectively, the endline and baseline test scores
(when available)® for child 7 residing in community j; SF;, ;is a dichotomous variable for a
child residing in a community randomly assigned to school feeding and thus uncorrelated
with ¥;¢-1),j; and 6; is a vector of region dummies to capture region-specific unobservable
characteristics or potential variation in quality of implementation. Standard errors were
clustered at the community level, which is the unit of randomisation for school feeding. S,
the coefficient related to school feeding, provides the estimate of the treatment effects. For

completeness with the analysis plan, we also provide DiD coefficients in Appendix H.

13 Results are unchanged when a dummy variable for missing baseline test score is included (results available

upon request).
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4 Impact of School Feeding on Educational Attainments

Table 4, Panel A presents I'TT estimates for the full sample. Overall, the randomized
offer of school feeding led to significant increases across all test scores of about 0.129 to 0.15
o™, We then investigate heterogeneity in program effects. Table 4, Panels B, C, and D,
respectively, report treatment effects in models that stratify for gender, poverty, and
northern regions. Across the three subgroups, school feeding led to sizeable gains in
achievements. In the case of girls, literacy and digit span scores increased by 0.29 and maths
by 0.248 (Panel B). The composite scores also increased by more than 0.29. Even larger
gains were evident in the case of children from households below the poverty line at baseline
(Panel C) and children from northern Ghana (Panel D). For the former, gains in maths
scores and in the three composite scores amounted to a third of standard deviation, while
the increases in literacy, SPM, and Digit Span were slightly smaller, but still accounting to
more than 0.29. A similar picture emerges from the findings related to northern regions
children.

[TABLE 4 ABOUT HERE]

We also investigated variation in treatment effects by age in Appendix I. The latter
shows that the effect of school feeding was mostly similar, with the exception of maths,
between children of different age groups at baseline. However, in the younger cohort
(children that were aged 6-11 years at baseline), effects were more precisely estimated,
probably due to larger sample sizes. Finally, although it was not part of the analysis plan,
we investigated variation by treatment modality in Appendix J. No substantial differences
in treatment effects on educational achievements between the GSFP and HGSF were

detectable.

4 While the treatment effects arising from both ANCOVA and DiD are in most cases remarkably similar, as
anticipated, the former estimator proved being more efficient compared to DiD (Appendix G).
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5 Mechanisms

This section investigates the role of changes in school participation and child time
use as potential mechanisms explaining program effects!®. Descriptive statistics of all

intermediate outcomes are presented in Appendix K.
5.1Changes in Schooling

We start by changes in schooling following the intervention, as increases in school
enrolment and attendance constitute critical pathways for learning. Also, if school feeding
was successful in increasing learning, we should be able to observe higher grade attainments
and lower grade repetition rates (Alderman, Gilligan, and Lehrer 2012). Table 5 presents
ITT estimates of school feeding on the following indicators: child school enrolment in any
educational level; school enrolment in primary school; school attendance (conditional on
enrolment), as measured by the number of days the child attended school out of a five-day
week; current grade attended by the child; and a dichotomous variable related to whether
a child has ever repeated a grade. All of these variables were measured in the household
survey with questions directed to the child or her caregiver in both survey rounds.

Panel A reports estimates of school feeding for the full sample'®. Given the observed
heterogeneity in treatment effects by specific population subgroups, Panel B, C, and D
report ITT effects for girls, children from poor households, and children from northern
regions, respectively. Increases in school enrolment emerge as an important channel for
impact, but only for the most disadvantaged groups. This finding is expected in contexts
such as Ghana, where primary enrolment is almost universal, and the largest gains in school

access are now to be among groups that are more likely to be out of school. Consistently

15 . . . . .
° Detailed effects on child anthropometrics are reported in a companion paper.

16 DIiD results are consistent to ANCOVA, and available upon request.
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with the results on learning and increases in enrolment, there were increases in grade
attainment. Estimates were positive for all groups, but they were only statistically
significant for the average child and for children from the northern regions, indicating that
children in school feeding areas completed more years of schooling than control. Consistently
with the results on grade, there was no evidence of increased repetition in the school feeding
arm. This result reassures about potential concerns of children not progressing to secondary
school in order to continue receiving free meals, as observed in other SSA settings (Kazianga,
De Walque, and Alderman 2012).

[TABLE 5 HERE]
5.2 Changes in Time Use

Table 6 provides I'TT effects on child time use for the full sample (Panel A), stratified
by child gender, household poverty, and northern regions (Panels B, C, and D, respectively).
The indicators measured the average time (in hours), on a typical day, a child spends in
the following activities: at school; studying; doing housework; doing farm work or other
types of labor; and in leisure. These questions were only collected at endline, therefore
treatment effects were estimated through a post-estimator.

While there were no significant changes in time use for the average child, there were
increases in the time spent in school for all vulnerable subgroups. The increase in time spent
in school ranged from about 30 additional minutes per day for girls, up to 50 additional
minutes per day for children from poor households. Given that the average serving time for
school feeding is about 30 minutes, it is plausible that the additional net time spent in
school in the case of poor children is employed in instructional activities, and thus constitute
a pathway to increased test scores. Qualitative evidence from field visits and focus group
discussions conducted as part of this evaluation highlighted that children in school feeding

communities tended to stay at school in the afternoon, while otherwise they would have not
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returned to school after having lunch at home (Fernandes et al. 2017). Also, teachers
reported extending the instructional time by about 45 minutes in the afternoon to
accommodate the time lost earlier in the day due to the serving and eating of the meals.
Similar increases in time spent in school during the afternoon shift due to school feeding
were observed in Northern Uganda (Alderman, Gilligan, and Lehrer 2012).

For children from the household below the poverty line, there was also a significant
decrease in time spent in housework, with a decrease of about 20 minutes per day. We
speculate that the indirect income transfer from school feeding has led poorest households,
which usually tend to rely more on children for household chores and care, to forego part
of the benefits stemming from children’s housework in favor of additional schooling time.
An analogous finding was reported for rural Burkina Faso, where school feeding led to shifts
from farm labor to housework, which may be more compatible with school attendance
(Kazianga, De Walque, and Alderman 2012).

[TABLE 6 HERE]

6 Concluding Remarks

Most, governments globally offer some form of food at school as a large-scale strategy
to enhance children’s education and health. Given the pervasiveness of school meals
programs worldwide, and size of global educational investments in such intervention,
understanding whether large-scale, government-led school feeding is effective in raising
achievements, and whether it works for marginalized groups of learners, is a critical policy
question and evidence gap.

We report treatment effects estimates from a randomized control trial focusing on a
program reaching daily two million children across the poorest districts of Ghana. Program
impacts were evaluated after two academic years of implementation in randomized

communities across learning and cognitive attainments. We show that the offer of school
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feeding in randomized communities led to moderate gains in learning and cognitive levels
for the average pupil. The magnitude of the effects (about 0.159) was comparable to
estimates from a recent meta-analysis of school feeding (Snilstveit et al. 2015). Beyond
average effects, the program had remarkable impact among the groups that are more
vulnerable to poor educational outcomes in Ghana. For girls, children from poor households
and children residing in the country’s northern regions, school feeding led to dramatic
improvements in learning and cognition — ranging between 0.29 to 0.39. All estimates are
likely to represent lower bounds due to imperfect uptake. The positive effects on learning
and cognition are especially remarkable when contextualized to the implementation
challenges related to the delayed disbursements to the caterers. Regularity in the provision
of school meals and their quality is in fact critical for the effectiveness of the program, as
children and parents may respond to irregular or lower quality meal provision in multiple
ways (e.g. going home for lunch and not returning to school afterwards, changing school
type or not attending at all). Overall, the noted challenges add to the generalizability of
our findings to “real-world” large-scale school feeding interventions implemented by
governments in similar contexts, which may also face financial, implementation, and
monitoring constraints.

To the best of our knowledge, this is the first study providing experimental evidence
on a government’s school feeding program implemented nationwide in a LMIC, with an
investigation of the effects of the intervention for most vulnerable learners and impact
mechanisms. By subsiding the cost of schooling and providing an indirect social protection
transfer to the household, school feeding positively affected educational achievements
through increased enrolment rates for all children, with larger impacts for children of poorest
families and regions, increases in time spent at school (presumably beyond the meal serving

time among the poorest children), and increases in grade attainments. In SSA, reductions
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in the cost of education may be particularly effective in raising the educational outcomes of
vulnerable population segments (Aurino et al. 2018; Bjorkman-Nyqvist 2013; Kazianga, de
Walque, and Alderman 2012). Further, findings from the companion nutrition paper
highlight similar pro-poor gains, which highlights the greater effectiveness of the program
among the most disadvantaged groups of children (Gelli et al. 2018). Contextualized to
Ghana, these findings address concerns raised in a 2010 Ministerial review of GSFP,
according to which program investments targeted disproportionally better-off districts
(Balwanz and Darvas 2013; WEFP 2013). Based on our results, it appears that the retargeting
of the program to the country’s most food-insecure districts had been able to address these
concerns of regressivity.

The provision of a full cost-benefit /cost-effectiveness analysis of the GSFP is beyond
the remit of this paper, especially given that the program is meant to affect a wide set of
outcomes (education, health, social protection, agriculture), which should be assessed jointly
to provide an accurate measure of cost-effectiveness (Gelli et al. 2014). Also, even if we
would decide to restrict the focus on educational achievements as single measure of
outcomes, this exercise may be still unsatisfactory, as the life course and intergenerational
effects of gains from increased schooling achievements are not yet fully known'”. While we
leave these important issues for future research, back-of-the-envelope calculations based on
the Government of Ghana’s transfer to caterers and an average of 200 school-days per year
suggest that the program costed about US$66 per child per year in 2015/16%. This figure
falls within the range of the average cost per child of school meals in LMICs: the latest data

available highlight that in 2008, school feeding cost US$54 and US$83 in low- and middle-

" For instance, in the context of Ghana, Duflo et al. (2017) have recently assessed the medium-term effects of
secondary school scholarships. After eight years, scholarship winners had higher schooling, scored on average 0.15 greater
in maths and literacy, had better health behaviors, and girls had less children.

18 This is a very rough estimation as it does not include full implementation costs (e.g., other costs at the school-

level that are not included in the government budget for school feeding).
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income countries, respectively (Gelli and Darayani 2013). Taking inflation into account!,
the GSFP compares well with other programs in LMICs in terms of costs. Also, it is worth
noting that most available estimations of program costs are based on WFP operating costs.
As the WFP is the largest school feeding implementer in the world and operates through a
centralized model that allows economies of scale, its cost estimates likely provide a lower
bound for government programs. This is especially relevant for countries seeking food
procurement within national boundaries using “home-grown” approaches, such as Ghana,
in order to stimulate internal agricultural production and rural poverty reduction, at the
potential cost of raising programmatic budgets through the purchase of higher-cost, locally-
grown staples.

Overall, our findings highlight the role of government-led, large-scale school feeding
programs as a social protection tool with positive and equitable impacts on human capital
accumulation, particularly for marginalized groups of learners. Increasing average learning
levels by narrowing the gaps in the distribution of achievements is critical for sustainable
economic and social development. Therefore, government-led, large-scale school feeding

programs can be an important policy tool for attaining the 2030 learning for all agenda.
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Tables and Figures

Table 1. Descriptive statistics and balance of covariates at baseline, full baseline sample

Control School feeding School feeding - control
(N=1,612) (N=1,821) difference (SE)

Child age in months 102.73 103.92 1.185
(30.77) (31.45) (1.485)

Child is male 0.54 0.51 -0.027
(0.50) (0.50) (0.018)

Enrolled 0.99 0.98 -0.007
(0.11) (0.14) (0.006)

Child has child fallen ill in last 0.10 0.09 -0.010
7 days (0.31) (0.29) (0.013)
Highest grade completed 1.67 1.76 0.088
(1.53) (1.48) (0.083)

Child has repeated a grade 0.11 0.12 0.011
(0.32) (0.33) (0.020)

Absent from school in past 7 0.12 0.17 0.050
days (0.66) (0.76) (0.041)
Private school 0.10 0.11 0.010
(0.30) (0.31) (0.033)

Height-for-age Z-scores -1.11 -1.05 0.062
(1.35) (1.29) (0.088)

Number of children of target 3.38 3.24 -0.142
age (1.69) (1.71) (0.184)
Number of children under 5 1.06 0.94 -0.117
years (0.94) (0.96) (0.092)
Household size 6.77 6.60 -0.178
(2.72) (2.67) (0.313)

Head of the household is male 0.81 0.80 -0.004
(0.39) (0.40) (0.040)
Head of the household’s age 44.06 45.52 1.477*
(12.05) (12.69) (0.742)

Mother's age 37.45 38.58 1.128
(10.83) (10.95) (0.740)

Mother's education in years 5.22 6.01 0.789
(5.01) (4.17) (0.662)

Wealth index 13.21 13.38 0.174
(11.45) (11.77) (1.541)

Sold agriculture produce in the 0.51 0.43 -0.074
past year (0.50) (0.50) (0.055)
Per capita expenditure 2,085.17 2092.62 7.446
(993.87) (1,097.27) (109.181)

Household owns livestock 0.68 0.66 -0.012
(0.47) (0.47) (0.048)

Urban 0.06 0.06 0.001
(0.24) (0.24) (0.039)

Northern regions 0.43 0.50 0.066
(0.50) (0.50) (0.110)

Notes: * p<0.1. N= 3,435. This table presents descriptive statistics for the full baseline sample of eligible
children at baseline, stratified by assignment to treatment. The sample refers to all children aged 5-15
interviewed at baseline, prior to attrition. Mean and standard deviation in parentheses. The school feeding-
control difference column reports the school feeding coefficient of a basic OLS regression with each covariate
as an outcome and standard errors clustered at the community level. For each variable, the estimated school
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feeding coefficient provides the difference between the school feeding and control groups and its standard

errors.
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Table 2. Baseline correlates of children remaining in the longitudinal sample

(1)

(2) (3)

Treatment

Age-standardised Maths score

Age-standardised literacy score

Age-standardised Raven score

Age-standardised Digit span score

Male

Male*Treatment

Northern regions
Northern regions*Treatment
Poor household

Poor * Treatment

Constant

Prob > Wald Chi Squared test

Observations

0.798
(0.201)

13.655%
ok
(2.084)
0.3653
3,433

0.792 0.814
(0.206) (0.267)
0.949
(0.144)
1.134
(0.184)
1.011
(0.095)
1.094
(0.111)
1.366
(0.260)
0.798
(0.207)
2.402%*
*
(0.799)
0.617
(0.336)
0.595
(0.205)
2.411%
(1.208)
13.781* 10.056*
ok ko
(2.234) (1.875)
0.6064 0.0203
3,132 3,432

Notes: *** p<0.01, ** p<0.05, * p<0.1. This table presents odd ratios of remaining in the longitudinal sample

estimated through logistic regression models, with standard errors clustered at the community level. All models

include probability of Wald Chi squared test of joint significance of all repressors. N= 3,438 children of target-

age prior to atirition. Lower sample sizes reflect covariates that are missing or not applicable. Column 1 shows

odd ratios of child being followed-up by treatment assignment; column 2 presents odd ratios by baseline

learning and cognition, while column & interacts randomized assignment with key wvariables by which

heterogeneity analysis was conducted throughout the paper. Household poverty is a dichotomous indicator

having the value of one if the household had baseline per capita consumption levels falling below the national

consumption poverty line in 2013. Northern regions include Upper West, Upper Fast, and Northern region.

Southern regions include Western, Central, Greater Accra, Volta, Fastern, Asanti, Brong Ahafo.

38



Table 3. Descriptive statistics and test of balance of raw test scores, by survey

round and treatment arm, longitudinal sample

Baseline Endline
Treatment-

control School

Control School feeding difference Control feeding
(N=1,404) (N=1,579) (SE)? (N=1,186) (N=1,343)
Maths raw score 1.57 1.68 0.073 3.62 4.03
(2.04) (2.07) (0.146) (3.37) (3.43)
Literacy raw score 1.81 1.97 0.106 3.87 4.33
(2.43) (2.56) (0.211) (3.51) (3.57)
SPM raw score 3.82 3.96 0.073 2.99 3.24
(2.61) (2.57) (0.225) (1.98) (2.02)
Digit-span raw score 4.12 4.35 0.157 4.17 4.37
(2.23) (2.21) (0.184) (2.49) (2.51)

@ The school feeding-control difference column reports the school feeding coefficient of a basic OLS regression
of each outcome over school feeding arm and controlling for child age in months. Standard errors are clustered
at the community level. SPM stands for standardised progressive matrices test. Lower sample sizes in the

cognitive scores (as compared to the full longitudinal sample) reflect missing values in those scores.
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Table 4. Treatment effects: Full sample and heterogeneity by child gender, household
poverty, and northern regions

@) (2) 3) (4) (5) (6) )

Composite: Composite: Composite:
maths and SPM and all

Maths Literacy SPM Digit span literacy digit span outcomes
Panel A: All children
School feeding 0.147* 0.132* 0.129%* 0.119* 0.156* 0.144** 0.154**
(0.076) (0.073) (0.056) (0.065) (0.082) (0.061) (0.070)
Observations 2,278 2,274 2,307 2,305 2,288 2,312 2,282
R-squared 0.068 0.130 0.034 0.050 0.132 0.064 0.118
Panel B: Girls
School feeding 0.242%**  0.205%* 0.116 0.190** 0.273*** 0.175%* 0.233***
(0.082) (0.082) (0.076) (0.077) (0.093) (0.077) (0.088)
Observations 1,071 1,067 1,086 1,085 1,085 1,091 1,092
R-squared 0.089 0.137 0.043 0.057 0.150 0.071 0.138
Panel C: Poor Households
School feeding 0.309%FF  0.233%*  (.234%F* 0.269%** 0.328%** 0.293%** 0.334%**
(0.105) (0.098) (0.067) (0.081) (0.107) (0.074) (0.088)
Observations 539 537 537 540 542 542 543
R-squared 0.090 0.089 0.071 0.096 0.123 0.112 0.140
Panel D: Northern regions
School feeding 0.253%  0.243** 0.212%* 0.253%** 0.297** 0.272%%* 0.302%*
(0.127) (0.114) (0.085) (0.085) (0.135) (0.085) (0.112)
Observations 1,083 1,087 1,096 1,093 1,096 1,099 1,100
R-squared 0.043 0.098 0.028 0.043 0.090 0.055 0.094

Notes: *** p<0.01, ** p<0.05, * p<0.1. The table above presents intent-to-treat effects on each outcome for
the full sample and stratified by child gender, household poverty, and northern regions. Models were estimated
through OLS and standard errors were clustered at the community level. For each outcome, the model controls
for the baseline value of the outcome, a dichotomous variable related to the randomized assignment to school
feeding, and region dummies. Maths, literacy, standardized progressive matrices (SPM) and digit span scores
are age-standardized. Composite indices were computed as averages of the standardized scores and then they
were standardized to the control group within each round. Household poverty is a dichotomous indicator
having the value of one if the household had baseline per capita consumption levels falling below the national
consumption poverty line in 2013. Northern regions include Upper West, Upper FEast, and Northern region.
Southern regions include Western, Central, Greater Accra, Volta, Eastern, Asanti, Brong Ahafo.
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Table 5. Treatment effects of school feeding on schooling indicators, full sample, and

heterogeneity by child gender, household poverty, and northern regions

(1) (2) (3) (4)
. Repeated a
Enrolled Attendance Grade attained
grade
Panel A: All children
0.027 0.044 0.145* -0.02
School feeding
(0.021) (0.044) (0.077) (0.024)
Observations 2,371 2,109 2,254 2,059
R-squared 0.03 0.038 0.671 0.095
Panel B: Girls
) 0.042* 0.041 0.031 -0.02
School feeding
(0.023) (0.061) (0.097) (0.028)
Observations 1,097 988 1,056 962
R-squared 0.043 0.051 0.652 0.089
Panel C: Poor Households
) 0.053%* 0.019 0.096 -0.005
School feeding
(0.025) (0.098) (0.121) (0.048)
Observations 551 489 524 476
R-squared 0.025 0.076 0.666 0.108
Panel D: Northern regions
) 0.076%* 0.072 0.223* -0.005
School feeding
(0.029) (0.049) (0.131) (0.031)
Observations 1,092 992 1,030 977
R-squared 0.051 0.005 0.639 0.047

Notes: *** p<0.01, ** p<0.05, * p<0.1. The table above presents intent-to-treat effects on each outcome for

the full sample and stratified by child gender, household poverty, and northern regions. Models were estimated

through OLS and standard errors were clustered at the community level. For each outcome, the model controls

for the baseline value of the outcome, a dichotomous variable related to the randomized assignment to school

feeding, a dichotomous wvariable for missing baseline oulcome, and region dummies. Enrolment is a

dichotomous variable indicating whether the child is enrolled to any level of education; attendance is an

indicator counting the number of days the child attended by the child in the past school week. The indicator

ranges from 0 to 5 days. Current grade provides the educalional grade (in years) the child is currently enrolled

in. Grade repetition is a dichotomous variable of whether the child has ever repeated a grade. Household

poverty and northern regions are defined in note below Table 5.
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Table 6. Treatment effects of school feeding on child time use

(1) (2) (3) (@) (5)
Time at Time in Time in paid
Time at home Leisure household work /farm
school studying time chores/care work
Panel A: All children

School feeding 0.359 0.018 0.044 -0.119 -0.153
(0.264) (0.145) (0.080) (0.089) (0.104)

Observations 2,529 2,529 2,529 2,529 2,529

R-squared 0.097 0.088 0.164 0.041 0.054

Panel B: Girls

School feeding 0.488%* 0.010 0.092 -0.141 -0.130
(0.225) (0.113) (0.092) (0.132) (0.101)

Observations 1,173 1,173 1,173 1,173 1,173

R~squared 0.152 0.099 0.176 0.031 0.060

Panel C: Poor Households

School feeding 0.885%* 0.188 0.033 -0.279% -0.196
(0.438) (0.258) (0.165) (0.168) (0.185)

Observations 591 591 591 591 591

R-squared 0.065 0.105 0.116 0.112 0.065

Panel D: Northern regions

School feeding 0.590%* 0.063 0.030 -0.120 -0.180
(0.288) (0.064) (0.099) (0.116) (0.159)

Observations 1,203 1,203 1,203 1,203 1,203

R-squared 0.212 0.015 0.219 0.048 0.065

Notes: *** p<0.01, ** p<0.05, * p<0.1. The table above presents intent-to-treat effects on each outcome for
the full sample and stratified by child gender, household poverty, and northern regions. Models were estimated

through OLS with region dummies and standard errors were clustered at the community level. Time spent in

school is an indicator that measures the average time (in hours) a child spends in school on a typical week

day (in the school term); time spent in study is an indicator that measures the average time (in hours) a child

spends studying at home or taking private tuition on a typical day; time spent in household chores is an

indicator that measures the average time (in hours) a child spends doing household chores or care for other

household members on a typical day; time in work is an indicator that measures the amount of time a child

spends working in agriculture work, in the family business, or in another work activity on a typical day; leisure

time measures the average amount of play and other leisure activities on a typical day. Household poverty and

northern regions are defined in note below Table 5.
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Figure 1. Two-level randomisation

58 districts
(116 schools)
1% stage randomisation
"4
29 HGSF 29 GSFP
districts districts
(58 schoals) (58 schools)
2™ stage randomisation
29 HGSF schools 29 control schools 29 control schools 29 GSFP schools
(725 HH) (580 HH) (580 HH) (725 HH)

Notes: this figure provides the study design: first, districts were randomly assigned to pilot (HGSF) and
standard (GSFP) school feeding through a first-level randomization; second, within each district, two schools
(and related households living within the school catchment areas, which were refer to as “communities”) were
randomly assigned to school feeding or control. Note that due to the discovery of the GSFP already present
n 25 communities at baseline, these were dropped from the original community sample. Two additional

communities could not be resurveyed due to local violence at the time of the endline survey. An original third

level of randomization was dropped soon after the baseline due to substantial delays in implementation and

the limited number of schools still available after the removal of schools that we discovered had school feeding

at baseline.
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Figure 2. Empirical distributions of raw test scores for maths (left-side panel) and
literacy (right-side panel), by survey round and treatment arm

T T
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Maths raw score Literacy raw score
kernel = epanechnikov, bandwidth = 0.3132 kernel = epanechnikov, bandwidth = 0.3132

Control baseline

School feeding baseline
————— Control endline
— — = School feeding endline

Notes: this figure presents, by treatment group and survey wave, the non-parametric distributions of maths
(left-side panel) and literacy (right-side panel) raw scores for the full longitudinal sample of children. Non-
parametric distributions were calculated through weighted local polynomial regressions using an Epanechnikov
kernel. These data are from the household survey, and therefore do not suffer from selection issues related to
school enrolment. Floor effects were present, particularly in the baseline data; highlighting the tests were too
difficult, particularly for the younger children. Second, there was an improvement in mean achievement in
both competences between baseline and endline, although achievements were widely dispersed across the
sample. Third, the distribution of achievements, especially in literacy, of the school feeding group appeared to
be above the one of control at endline across the mid- to upper-end of the distribution of achievements.
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Figure 3. Empirical distributions of raw test scores for Digit Span (left-side

panel) and SPM (right-side panel), by survey round and treatment arm
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N

Density

T
0 5 10 15 0 5

SPM raw score

Digit-span raw score
kernel = epanechnikov, bandwidth = 0.5515

kernel = epanechnikov, bandwidth = 0.4698
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School feeding baseline
————— Control endline
— — - School feeding endline

Notes: this figure presents, by treatment group and survey wave, the non-parametric distributions of digit span
(left-side panel) and standardized progressive matrices (SPM) (right-side panel) raw scores for the full
longitudinal sample of children. Non-parametric distributions were calculated through weighted local
polynomial regressions using an Epanechnikov kernel. Some floor effects were present, particularly in the
baseline data. Second, a decrease in SPM test scores was evident for both treatment and control groups at

endline. This was mostly driven by the older cohort of children.
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