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Abstract

Many children in developing nations are malnourished. To address this, school
feeding programs have been implemented with the goal of alleviating hunger, improving
nutrition, and improving student performance. The program also included smallholder
farmers selling their products to food vendors and processors, who then cook for the
pupils in the beneficiaries' schools. However, in the Nigerian context, very little attention
has been paid to the impact of the feeding program on all of the expected outcomes. As a
result, the study aims to add to the existing literature by providing a first-hand analysis of
the effects of the school feeding program on elementary pupils’ enrollment, attendance,
academic performance, and nutritional status in northeastern Nigeria, where malnutrition
and out-of-school children are prevalent. Furthermore, the study assesses the food safety
knowledge, attitude, and practice of the food vendors hired to cook for the pupils, as well
as the effect of the homegrown school feeding program on smallholder farmers'
household food security. The findings can provide policymakers with relevant evidence
on program impact to help them design policies to expand and sustain the school feeding
program. The empirical analysis makes use of data collected from 180 class teachers, 780
pupils (600 SFP beneficiaries and 180 non-beneficiaries), 240 smallholder farmers, and
240 food vendors from Adamawa, Bauchi, and Gombe States in Northeastern Nigeria.
The study first evaluates the impact of school feeding programs on pupils’ enrollment,
attendance, and academic performance. It also uses linear regression to examine the
impact of program duration on academic performance. Second, using propensity score
matching and endogenous switching regression to account for sample selectivity bias, we
will investigate the effect of school feeding programs on pupils’ nutritional status. Third,
using endogenous switching regression that accounts for sample selectivity bias, analyze
the effect of linking smallholder farmers to school feeding programs on smallholder
farmers' household food security status, and finally, using the linear regression model,
determine the food safety knowledge, attitude, and practice of food vendors participating
in school feeding programs. The empirical findings indicate that the school feeding
program has a positive effect on pupils’ enrolment, attendance, performance, and class
participation. Furthermore, the results of the linear regression model revealed that the
duration of the feeding program has a significant positive effect on the academic

performance of pupils. Findings also revealed that the school feeding program positively
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influenced dietary diversity score and height-for-age; however, the feeding programme
had a significant reductive effect on BMI-for-age because better nutrition reduces obesity
and being overweight. The regression results show that access to credits, farmers' link to
caterers, farmers' link to processors, and access to input subsidies positively affect
farmers' food security. The endogenous switching regression revealed that the feeding
program improved the food security of smallholder farmer households. Finally, the
findings revealed that increased education and access to information via radio, television,
and food inspection institutions improve food safety knowledge and attitude. Given the
positive effects of the program on improving students' academic performance, nutrition,
and smallholder farmers' household food security, it is critical to expand access and

intensify the school feeding program in Nigeria and other similar countries.

Keywords: School feeding, child nutrition, smallholder farmers Nigeria



Abstraktni

Mnoho déti v rozvojovych zemich je podvyzivenych. K feseni tohoto problému byly
zavedeny Skolni stravovaci programy s cilem zmirnit hlad, zlepsit vyzivu a zlepsit vykon
studentli. Soucasti programu jsou také drobni zemédélci, ktefi prodavaji své produkty
prodejcim a zpracovatelim potravin, ktefi pak vaii pro zdky ve skolach ptijemct. V
nigerijském kontextu vSak byla vénovana velmi mald pozornost dopadu krmného
programu na vSechny o¢ekavané vysledky. V disledku toho si studie klade za cil rozsitit
existujici literaturu tim, Ze poskytne piimou analyzu ucinkii Skolniho stravovaciho
programu na zapis, dochazku, studijni vysledky a nutricni stav zakti v severovychodni
Nigérii, kde je podvyziva a prevladaji Skolni déti. Studie dale hodnoti znalosti o
bezpecnosti potravin, pfistup a praxi prodejci potravin najatych k vateni pro zaky a také
vliv programu domaciho Skolniho stravovani na zabezpeceni potravin v domécnostech
drobnych zemédélct. Zjisténi mohou tvircim politik poskytnout relevantni dikazy o
dopadu programu, které jim pomohou navrhnout politiky pro rozsifeni a udrzeni
programu Skolniho stravovani. Empiricka analyza vyuziva udaje shromazdéné od 180
tiidnich uciteld, 780 zakl (600 piijemch Skolniho stravovaciho programu (SFP) a 180
ptijemcit), 240 drobnych farmait a 240 prodejcii potravin ze stati Adamawa, Bauchi a
Gombe v severovychodni Nigérii. . Studie nejprve hodnoti dopad Skolnich stravovacich
programu na zapis, dochazku a studijni vysledky zakti. Pouziva také linearni regresi ke
zkoumani dopadu trvani programu na akademicky vykon. Zadruhé, pomoci shody skore
sklonu a endogenni regrese piepinani k zohlednéni zkresleni selektivity vzorku, budeme
zkoumat vliv Skolnich stravovacich programi na nutri¢ni stav zakt. Za tfeti, pomoci
endogenni regrese piepinani, ktera zohlediiuje zkresleni selektivity vzorktl, analyzovat
ucinek propojeni drobnych zeméd€lci se Skolnimi stravovacimi programy na stav
potravinové bezpecnosti domacnosti malych zemeédélci a nakonec pomoci modelu
linearni regrese urcit znalosti o bezpe¢nosti potravin, postoj, a praxe prodejci potravin
ucastnicich se skolnich stravovacich programt. Empiricka zjisténi naznacuji, ze Skolni
stravovaci program ma pozitivni vliv na zapis, dochazku, vykon a ucast zakt ve tiide.
Vysledky linearniho regresniho modelu déle odhalily, ze délka krmného programu ma
vyznamny pozitivni vliv na studijni vysledky zaka. Zjisténi také odhalila, ze Skolni
stravovaci program pozitivné ovlivnil skore diverzity stravy a vysku vzhledem k véku;
nicméné krmny program (mél vyznamny redukéni ucinek na Body Mass Inder-for-age
(BMI-for-age), protoze lepsi vyZziva snizuje obezitu a nadvahu. Vysledky regrese ukazuyji,
ze pristup ke kreditim, spojeni farmaiti s dodavateli potravin, vazba zemédélcti na
zpracovatele a piistup ke vstupnim dotacim pozitivné ovliviiuji potravinovou bezpecnost
zemédé€lcl. Endogenni regrese prechodu ukazala, Ze krmny program zlepsil potravinovou
bezpecnost domécnosti drobnych zemédélci. Zaveérem zjisténi odhalila, ze zvySené
vzdélani a ptistup k informacim prostfednictvim radia , televize a instituce provad¢jici
kontrolu potravin zlepSuji znalosti a pfistup k bezpecnosti potravin. Vzhledem k
pozitivnim ucinkim programu na zlepSeni studijnich vysledkd studentd, vyzivy a

vi



zabezpeceni potravin v domacnostech drobnych zeméd¢€lcti je zdsadni rozsifit pfistup a
zintenzivnit program Skolniho stravovani. v Nigérii a dalSich podobnych zemich.

Klic¢ova slova: Skolni stravovani, détska vyziva, drobni farmati, Nigérie
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1. Background of the study
Combiatting child hunger and poverty in developing countries is a continuous
global concern. In 2020 United Nation Children Fund reported that about 149.2 million
children under the age of 5 were stunted globally, 45.4 million wasted, and 38.9 million
overweight (UNICEF, 2021a). This stress the imperative need for government across the
world to adapt the different forms of feeding program to mitigate raising case of

malnutrition in children and other related problems.

The school feeding program (SFP) is the world's largest and most widespread
social safety net, which provide children with meals, snacks, or take-home rations,
reaching an estimated 388 million children across 163 countries (WFP, 2020). However,
the concept or benefit of these SFPs varies across countries on the basic of their
developmental indices or status. While the school meal is a source of nutritious meals in
developed countries to tackle rise in overweight and obesity among young children (Belot
and James, 2011), in the developing countries school feeding programs generally aim to
effectively address short-term hunger, improve nutrition, and improve school children's
cognitive capacities by delivering free meals in schools (WFP, 2013; Munthali et al.,
2014). Many of the school feeding programs in developing countries are typically seen
as poverty and hunger alleviation measures (Jomaa et al., 2011; WHO/FAO, 2010;
Zenebe et al., 2018).

Africa stands behind the level of achievements in the context of child poverty. The
number of children with stunting is declining in all regions of the world except Africa
(FAO etal., 2021). Half of Africa's countries are classified as low income; one-third are
classified as lower middle-income and only eight countries classified as upper middle-
income (World Bank, 2020b). Virtually all African countries adopted the Home-Grown
School Feeding (HGSF) type of the feeding program (World Bank, 2020b; African
Union, 2021). In this context, a double side approach, meaning improving pupils school
enrollment and alleviating hunger among children and supporting smallholder farmers by
including theme into the SFP in order to improve incomes and household food security.
The SFP in Africa is estimated to feed more than 65 million children across 39 countries

in continent, a significant increase from 38.4 million in 2013 (World Bank, 2020b;



African Union, 2021). In more than a decade of implementation, among the 65 million
children benefiting the SFP about 53 million beneficiaries are in Sub-Saharan Africa,
these figures include 17 million children receiving World Food Program (WFP) school
meals (WEP, 2020).

The Federal Government of Nigeria began piloting HGSF in 2004 with 12 states
chosen from the six geopolitical zones with support from the New Partnership for Africa's
Development (NEPAD) and the United Nations Children's Education Fund (UNICEF)
(Falade et al. 2012). A national scale Home-Grown School Feeding Program (NHGSFP)
started only in 2016 aiming to aims to deliver a government-led, cost-effective school
feed program using food locally grown by smallholder farmers. NHGSFP is currently
providing a hot nutritionally balanced school meal to approximately 9.8 million pupils in
53,000 public primary schools across federation (AUDA-NEPAD, 2022). The program
involved 150,000 smallholder farmers who cultivate the needed food items and 107,550
caterers (food vendors) from 33 states across the country to cook while being paid for

their services (WFP, 2019; NHGSFP, 2020).

One of the aims of the feeding program is to increase pupils school enrollment,
reducing absenteeism and motivating pupils to attend school on a regular basis. Despite
Sustainable Development Goal 4 aim to "ensure that all girls and boys complete free,
equitable and quality primary and secondary education leading to relevant and effective
learning outcomes by 20307, there are still about 260 million children who do not attend
primary or secondary school globally (OCHA, 2020; UIS, 2019). Similarly, although
primary education is officially free and compulsory in Nigeria, approximately 10.5
million children aged 5-14 are not enrolled, 60% of the out-of-school children are from
the northern part of the country (Government of Nigeria, 2018; UNICEF, 2019). The
picture is even bleaker in the country's Northeast part Nigeria, where school attendance
is only 53%. Out of these attendees, only 47.7%, are female, implying that, more than
half of the girls in this region are not in school (UNESCO, 2019; UNICEF, 2019). There
is strong evidence for the benefit of the SFP in terms of education achievements. Due to
SFP starvation may impair attention and motivation, while under-nutrition at this age may

impair cognitive abilities (Fink et al., 2016; Bryan et al., 2004; Wong et al., 2014; Read



etal., 1973; Kristjansson et al., 2015; Afridi et al., 2019), and school performance (Zenebe
et al., 2018; Gelli et al., 2016; Adelman et al., 2019). Furthermore, malnutrition among

children can result in childhood thinness, being overweight, obesity, and stunted growth
worldwide (Rossen and Schoendorf, 2012; van Stralen et al., 2012 WHO, 2021).

The current situation on child poverty is yet challenging which makes a rationale
for the continual activation of school feeding program. United Nations Children Fund
report in 2020 revealed that, more than 800,000 children in Northeast Nigeria will have
acute malnutrition by 2021, with nearly 300,000 deaths at risk of serious acute
malnutrition (WFP, 2020; UNICEP, 2020). The situation got worst due to the effect of
Covid 19 and the Russian/Ukraine war on economic activities and nutritional status of
children in Northeast Nigeria. For example, Integrated Food Security Phase Classification
(IPC) June 2022 reported, revealed that 1.3 million children under the age of five are
suffering from acute malnutrition between January and December 2022. This includes
approximately 316,753 cases of severe acute malnutrition (SAM) and over one million

cases of moderate acute malnutrition (MAM) (IPC, 2022).

As specified earlier the SFPs, include smallholder farmers (especially among
developing countries) to improve their livelihood and food security status which is
referred to as the Home-grown school feeding program (HGSF) (WFP, 2019; WFP and
Anthrologica, 2018; World Bank, 2012; Masset and Gelli, 2013). The market guarantee
in the SFP can stimulate an increase in agricultural productivity and reduce marketing
risks (Masset and Gelli, 2013; Sumberg and Sabates-Wheeler, 2011; Morgan et al., 2007).
When smallholder farmers have a market guarantee, they are more likely to produce and
market non-staple perishable foods such as vegetables and legumes (Joshi et al., 2006;
IFAD 2014). Furthermore, the HGSF also creates a market for farmers to sell their
products to processors, especially during harvest season or when schools break, to avoid
losses that maybe encountered due to absence of caterers’ activities, especially among
vegetable farmers (WFP, 2014; FAO and WFP, 2018). In addition to linking farmers with
caterers and processors, the government provides several other incentives to smallholder

farmers, such as access to credit, formation of cooperative societies, and access to



production subsidies, among others, to achieve the target objective (Sumberg and

Sabates-Wheeler, 2011; Morgan et al., 2007).

In Nigeria, the NHGSFP in this context is supporting the integration of
smallholder farmers into the local value chain supplying locally grown food items (FAO
and WEP, 2018). The rationale for including smallholders is the same with the ones found
based on global evidence. Another aspect of the NHGSFP is the employment of local
women as caterers, who purchase the agricultural products cultivated by smallholder
farmers, who cook and supply the meal to schools under the program. This provides
employment opportunity to the citizens and promotes local economic activity through the
multiplier effects that reduced poverty among the local communities (NHGSFP, 2016;
UNICEF, 2020). As a result, the Nigerian government hired approximately 107,550
caterers (food vendors) who purchases food items from  another
registered 150,000 smallholder farmers across 33 states of the country to cook while
being paid for their services (WFP, 2019; NHGSFP, 2020). Despite the benefits of HGSF
improving caterers’ household livelihood and food security status (Zenebe et al. 2018;
Gelli et al. 2016), the program still possesses a high risk of food contamination in the
beneficiary pupils, as the case in South African (Nzimande, 2014) and in India (BBC
NEWS, 2013).Based on the contextual background it is of outmost interest to provide a
thorough assessment of home-grown school feeding programs on school enrolment,
performance, attendance and nutrition status of public elementary school pupils in
Nigeria. The goal of this study is to contribute to this aspect by providing an impact
assessment. The objectives of the study are to: i. Assess the effect of school feeding
programs on pupils’ enrolment, attendance and academic performance. ii. Investigate the
effect of school feeding programs on pupils’ nutritional status. iii. Analyze the effect of
linking smallholder farmers to homegrown school feeding programs on their household
food security status, and, iv. Determine the food safety knowledge, attitude and practice

of food vendors engaged in the homegrown school feeding programs.

The study is based on a field survey conducted between November 2020 and
February 2021 with class teachers, pupils, smallholder farmers and food vendors located

in north-eastern Nigeria. The study employs correlation, paired t-test, linear regression,



probit regression, propensity score matching (PSM), inverse probability weighted
adjusted regression (IPWRA), and endogenous switching regression (ESR) models to
examine the impact of school feeding programs on pupils' school performance, nutritional
status, factors influencing smallholder farmer household food security, and food safety

knowledge of caterers involved in the HGSF.

The study's conclusions and recommendations will help all parties involved in
education and nutrition, including the Ministry of Education, Ministry of Agriculture,
teachers, smallholder farmers, caterers and parents, as well as decision-makers outside of
the country, understand the significance of pupils’ academic performance, nutrition status
and the contribution of the program to improve the livelihood of caterers and smallholder
farmers household, fully support school feeding programs. Study results can increase the
base of evidence for monitoring the achievement of the SDGs, particularly SDG 2 (on
ending hunger, achieving food security and improved nutrition, and promoting

sustainable agriculture) and SDG 4 (on quality education).

The findings can be used to add to the body of literature on the impact of
homegrown school feeding programs on pupils' school performance, nutritional status,
and household food security in other developing countries. The study will also make
policymakers aware of how critical it is to create a prerequisite for hiring caterers to
reduce the incidence of food contamination. In a similar way, it will highlight additional
program benefits to parents as a substitute for food availability or non-availability at
home. It is hoped that guidance will be provided to parents, educators, and the government

on how to start and maintain school feeding programs in their schools.

The research is divided into five chapters. The following subchapter discusses the
literature on the benefits of HGSF as it relates to pupils' educational performance,
nutritional status, smallholder farmers' household food security status, and the food safety
of caterers who cook for the pupils. Chapter 2 contains the study's objectives, research

questions, conceptual and empirical framework and review literature.

In chapter 3 the study areas, research design, analytical framework, and econometric
strategies used are all discussed in Chapter 3.1. Furthermore, it goes over the data and

descriptive statistics for the variables used in the analysis. Chapter 4 results and discusses



in detail, while Chapter 5 conclusion and recommendations as well as their policy

implications and future research directions.



2. Literature review
This subchapter provides us with global perspective on school feeding program
and it also provide an overview on the Nigeria home grown school feeding program
(NHGSFP). It captured the aims of the program in the Nigeria context. It also includes a
review of the literature and empirical studies on the potential benefits of school feeding

programs on academic performance, nutrition, smallholders and food vendors.

2.1. Effect of school feeding program on pupils’ educational

achievement

2.1.1. School feeding program and pupils school enrolment

There are a series of indicators for assessing output indicators in the impact
assessment. The first indicator of assessing pupils’ educational achievement is the school
enrolment rate. The application of SFP could increase school enrolment since access to
food influences the household's decision to send their pupils to a school who would not
have otherwise been enrolled. In the perception of the household the "net benefits of
participating in the program exceed the gap between direct and opportunity cost of
schooling and the expected benefit of schooling" which provides a stimulus for them to
enrol their children (Adelman et al., 2008). The lack of food raises the need to work and
generate income instead of going to school. Drake et al. (2012) found that one-tenth of
the world's poorest children are less likely to participate in school because of the lack of

income and the need to work, perpetuating intergenerational poverty cycles.

Several studies have investigated the effect of SFP on children's school enrolment
around the world with contradicting results. Some studies, for example, in Nigeria, Peru,
Mali, Sri Lanka, Ghana, Bangladesh, and Ethiopia found an increase in the number of
pupils enrolled in SFP (Metwally et al., 2020; Taylor and Ogbogu, 2016; Tijjani et al.,
2017; Jacoby et al., 1996; Masset and Gelli, 2013; He, 2009; Sulemana et al., 2013;
Ahmed, 2004; Zenebe et al., 2018; Alderman and Bundy, 2012; Hinrichs, 2010). Other
studies conducted in Kenya, Ethiopia, Laos, for example, found no evidence of an

increase in the number of children enrolled in schools that implemented school feeding



programs (Meme et al., 1998; Dheressa, 2011; Buttenhein et al., 2011). Other cases, show
a positive effect of SFP. In Malawi's school feeding program increased the enrolment
with 5% in a three-month time (WFP, 2006). Other research evidenced an increase of
14.2% for gross enrollment and 9.6% for net enrollment, respectively (Ahmed, 2004).
However, the study did not control for other traits of households in the treatment area that
might influence a household's decision on kids’ enrolment. Adekunle and Ogbogu (2016)
conducted a study in Nigeria on the effect of SFP and found that it increased primary
school enrollment with 78.4%, student retention with 44.8%, regularity and punctuality
with 58.6% increase and school attendance with 69%. Nikiema (2019) in his study
conducted in Burkina Faso using a pre-and post-intervention method of analysis found
that girls' enrollment increased by 3.2%. Children from schools with a higher proportion

of female teachers benefited the most from the THR intervention.

2.1.2. School feeding program and pupils school attendance

School attendance is the second indicator of assessing educational achievement in
this study. School attendance is defined as attendance at any regular accredited
educational institution or program, public or private, for organized learning at any level
of education at the time of the census. Since pupils can only get meals at school, it is
thought that school meals can help raise class attendance by motivating them to attend
school. Knowing educational development is crucial for growth, the absence of pupils
from the school environment has the potential to cause or exacerbate deviations in normal
development (Heyne et al. 2019). Nonattendance has a negative impact on learning and
achievement (Carroll, 2010), and higher rates of nonattendance are linked to lower
achievement levels (Steward et al., 2008; Gottfried, 2014). Poor attendance at school can
lead to pupils dropping out, who then become juvenile offenders, triggering the school-

to-prison pipeline and putting an end to their education (Garry, 1996).

School feeding programs have also been shown to reduce absenteeism, increasing
attendance. On one hand, program evaluation findings from Nigeria, the United States,
Chile, the United Kingdom, Ghana, Ethiopia, and Laos show a positive relationship
between the SFP and pupils’ school attendance rates (Falade et al., 2012; Desalegn et al.



2021; Tijjani et al., 2017; Hinrichs, 2010; Wang and Fawzi, 2020; McEwan, 2013; Belot
and James, 2011; Gelli et al., 2016; Zenebe et al., 2018; Alderman and Bundy, 2012). On
the other hand, studies in Ethiopia and Burkina Faso have confirmed that there has been
no significant increase in school attendance in schools participating in the feeding
program (Kazianga et al., 2010). A study examined the effects of an SFP versus no SFP
on student attendance in Senegal provides found that students who did not receive daily
school meals were twice as likely to miss class. (Desalegn et al. 2021). Adekunle and
Ogbogu (2016) conducted a study in Nigeria on the effect of SFP on pupils’ school
attendance revealed a 69% increase in school attendance using pre and post intervention
outcome. Furthermore, in a study conducted in Burkina Faso using a pre-and post-
intervention method of analysis, Nikiema (2019) discovered that attendance increased by

6% for girls and 8.4% for boys.

2.1.3. School feeding program and pupils’ academic performance

The academic performance is based on various indicators such as the level of
achievements on Math and English test scores, students GPA and other more combined
indicators. Greenhalgh et al. (2008) explain that school feeding programs help with
nutritional deficiencies which improve pupils’ calorie intake and raise literacy levels as a
means of escaping the cycle of poverty. A number of other studies, including Adekunle
and Ogbogu (2016) and Falade et al (2012), have demonstrated how SFPs help to improve
pupils’ IQs. Several studies conducted across the globe found the mediation effect of the
attendance rate. Attendance rate is an additional important factor that influences the
academic performance of pupils (Stephanie et al., 2011; Morrissey et al., 2014; Dura n-
Naruck, 2008; Lehr et al., 2004; Sekiwu et al., 2020). This is made possible when the
school meal serves as a motivator for pupils to attend school, which reflects in their

performance.

Even in populations who are not severely malnourished, breakfast consumption
has been shown to improve cognitive function and educational outcomes. It is known that
eating a healthy diet can enhance cognition and academic performance (Littlecott et al.,

2015). The provision of school food for children increases pupils’ academic performance,



studies were conducted in different geographical locations such as Nigeria, the United
Kingdom, Ethiopia, Ghana, Burkina Faso, Kenya, India, and Bangladesh. Various studies
reported that school feeding programs significantly improved child academic
performance (Tijjani et al., 2017; Belot and James 2011; Zenebe et al., 2018; Gelli et al.,
2016; Kazianga et al., 2010; Desalegn et al., 2021; Lawson 2012; Dreze and Goyal, 2003;
Kristjansson et al., 2007; Chepkwony et al., 2013). For example, children in SFP
participating schools were compared to children in non-SFP participating schools in
Ethiopia based on an aggregate academic score of ten subjects. Children in SFP schools
scored 2.3 percent higher overall than students who did not participate in the meal
program (Desalegn et al., 2021). Similarly, Hochfeld (2016) using pre and post-
intervention analysis discovered a positive change in competency scores for all grades in
his study conducted in South Africa. The percentage of improvement ranged from 3.75

% for students in Grade 3 to 25.79 % for students in Grade R.

On the contrary, several studies conducted in Ghana, Malawi, India, Burkina Faso,
and Kenya found no significant effect between the school feeding program and pupils
academic performance (Gelli et al. 2019; Afridi et al., 2014; Obonyo, 2009; Kazianga et
al., 2009). This is considerable evidence that raise the bases for hypotheses on the effect
of SFP duration on the academic performance. Academic performance is a product of
cognitive ability, health and consistent school attendance which can come from the school
meal motivation. Thus, studies in India and Zambia reported that prolonged exposure (the
longer the duration) to school feeding programs has a robust positive effect on learning
achievement (Chakraborty and Jayaraman, 2019; Singh et al., 2014). However, Afridi et
al. (2014) reported that upper primary school pupils (grades 6—8) who benefited from

midday school meals for four months had no improvement in academic test scores.

2.2. School feeding program and pupils’ nutritional status

Sub-Saharan Africa's malnutrition situation is characterized by the double burden
of malnutrition (DBM), with a high prevalence of undernutrition and rising obesity, as
well as diet-related noncommunicable diseases (NCDs) (WHO, 2017, 2018). Decades

ago, school feeding programmes (SFPs) were introduced to address food nutrient
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imbalances, obesity, being underweight and stunting (Gelli et al., 2016; Zenebe et al.

2018).

The authors’ studies on the effect of SFPs on children’s nutrition are contradictory
in terms of results. For instance, Alderman and Bundy (2012) and Zenebe et al. (2018)
reported an improvement in beneficiary pupils' nutrition status. Similarly, SFPs appear to
promote macronutrients effectively and micronutrient adequacy in the diet (Jomaa et al.,
2011), which helps to alleviate anemia and support improved cognition (Abizari et al.
2014; Finkelstein et al., 2015). On the other hand, a minor number of studies, Abizari et
al. (2014) reported a negative effect on beneficiary pupils. A third group of studies report
no impact of SFP on food nutrition (Gelli et al., 2019).

2.2.1. Empirical studies on the effect of SFP on pupil’s dietary diversity

score

There are many studies on the impact of school feeding programs on nutritional
status, which have yielded different results. On the one hand, studies conducted by a large
group of authors (Ayehu and Sahile, 2021; El Hioui et al., 2016; Zenebe et al., 2018;
Bundy et al., 2018; Gelli et al., 2016; Neervoort et al., 2013) in various countries, namely
Ghana, Ethiopia, the Lao PDR, Bangladesh, and Morocco found that the effect of school
feeding programs on pupils BMI-for-age was significantly high/positive. Studies
conducted by Teo et al. (2021) ; Chen et al. (2020) ; Gelli et al. (2019) ; Miyawaki et al.
(2018), and others found a significant reduction in the beneficiaries’ BMI-for-age
compared to non-beneficiaries. The adverse impact of SFPs on body weight may result
from the fact that nutrient imbalances may cause a tendency to be overweight and
increased obesity in children, and the introduction of SFP has the potential to provide
needed proteins, vitamins, minerals, and other healthy micronutrients, which can result in
a drop in the body weight. Another factor could be that many children have reported being

denied breakfast (food) at home because they are expected to eat at school.
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2.2.2 Empirical studies on the effect of SFP on pupil’s BMI-for-age

There are many studies on the impact of school feeding programs on nutritional
status, which have yielded different results. On the one hand, studies conducted by a large
group of authors (Ayehu and Sahile, 2021; EI Hioui et al., 2016; Zenebe et al., 2018;
Bundy et al., 2018; Gelli et al., 2016; Neervoort et al., 2013) in various countries, namely
Ghana, Ethiopia, the Lao PDR, Bangladesh, and Morocco found that the effect of school
feeding programmes on pupils BMI-for-age was significantly high/positive. Studies
conducted by Teo et al. (2021) ; Chen et al. (2020) ; Gelli et al. (2019) ; Miyawaki et al.
(2018), and others found a significant reduction in the beneficiaries’ BMI-for-age
compared to non-beneficiaries. The adverse impact of SFPs on body weight may result
from the fact that nutrient imbalances may cause a tendency to be overweight and
increased obesity in children, and the introduction of SFPs has the potential to provide
needed proteins, vitamins, minerals, and other healthy micronutrients, which can result in
a drop in the body weight. Another factor could be that many children have reported being

denied breakfast (food) at home because they are expected to eat at school.

2.2.3 Empirical studies on the effect of SFP on pupil’s height-for-age

index

Several studies have also observed the effect of school feeding programs on
pupils’ height-for-age, yielding differing results. On the one hand, studies conducted in
Ghana, Ethiopia, Uganda, and the Lao PDR found that SFP participants revealed a
significantly higher height-for-age index among beneficiary pupils than non-beneficiaries
(Gelli et al., 2016; Zenebe et al., 2018; Jamie et al. 2017). Other studies conducted in
Ghana and Burkina Faso (Aurino et al. 2020; Gelli et al. 2019; Kazianga et al. 2009)
found no significant difference in Height-for-age between beneficiaries and non-
beneficiaries. These differences might have come about due to the effect of dietary intake
substitution as a result of the effects of the low-income head of household decisions on
the children. Many children have reported being denied breakfast (food) at home because
they were expected to eat at school, to help the household save food (Rampersaud et al.,

2005; Murphy, 2007). An additional reason for the absence of positive effects from SFPs
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on height-for-age is that school-aged children may be too old to experience catch-up

growth or recover from growth stalls (Behrman et al., 2004; World Bank, 2006).

2.3. Impact of HGSF on Smallholders' Food Security in

Northeastern Nigeria

Homegrown School Feeding programs is implemented by various governments around
the world, some with the assistance of partners such as the World Food Programme, the
World Bank, and other donor agencies, are increasingly providing assured markets for
smallholder farmers (WFP, 2021). The majority of African countries report linking
smallholder farmers, either individually or collectively, to school feeding programs. The
ultimate goal of this link is to improve farmers' household food security (WFP, 2021;
Soares et al., 2017; Masset and Gelli, 2013). By linking local agricultural production to
school meals, Home Grown School Feeding (HGSF) programmes multiply benefits for
rural communities. They can improve nutrition, boost local economies, improve
smallholders’ food security status and develop government capacity. Due to varied
country contexts, each HGSF programme is unique, but are generally characterized by
the incorporation of local food purchases into government-run school feeding

programmes (WEP, 2021).

2.3.1. Empirical studies on linking smallholder farmer with food vendors

and processors
Farmers access to credit

Several studies conducted in Indonesia, Malawi, Ghana, Chile, and Brazil on the effect
of linking smallholder farmers with caterers in HGSF revealed that there is a significant
positive effect on the farmer household food security status, this is achieved by providing
a reliable market for farmers to sell their product with fewer losses (Soares et al., 2017;
Singh and Fernandes et al., 2018; Masset and Gelli, 2013; Sumberg and SabatesWheeler,
2011; Morgan et al., 2007; Espejo et al., 2009). By implementing these strategies, farmers

can benefit from increased market opportunities and stable demand, while caterers can
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access fresh, high-quality ingredients directly from local sources. This collaboration
contributes to the development of local food systems, fosters sustainability, and supports
the growth of both farmers and caterers (Singh and Fernandes et al., 2018; Masset and
Gelli, 2013).

Farmers linked to processors

Studies conducted in Chile, Brazil, Tanzania, Ghana, Chad and Ethiopia have reported
that creating a linkage between smallholder farmers and processors (value chain) reduces
farmer losses and gives a good return, which improves farmers' household food security
status (Corsi et al., 2017; Devereux, 2016; Kissoly et al., 2017; Morgan et al., 2007;
Herrmann et al., 2018; Geday et al., 2016; Sumberg and SabatesWheeler, 2011). Linking
smallholder farmers to processors is an important step in building a sustainable and
efficient agricultural value chain. By establishing direct connections between farmers and
processors, several benefits can be realized, including increased market access, improved
efficiency, higher income for farmers, and better-quality products (Corsi et al., 2017;

Devereux, 2016; Kissoly et al., 2017).
Farmers with access to credit

Access to credit or loans by smallholder farmers has a significant positive effect on their
household food security status as several studies conducted across different African
countries reported (Danso-Abbeam et al., 2018; Ogunniyi et al., 2021; Babatunde et al.,
2007; Twongyirwe et al., 2019; Wossen et al., 2018; Omotayo et al., 2017; Adenagon et
al., 2018). Access to credit is a critical factor in supporting the growth and development
of smallholder farmers. Adequate credit enables farmers to invest in inputs, machinery,
technology, and other resources necessary to improve productivity, expand their

operations, and enhance their overall livelihoods (Wossen et al., 2018).

2.4. Food safety knowledge, attitude and practice (KAP) of food

vendors in SFP in Nigeria

Despite the benefits of SFP on increasing school enrollment (Zenebe et al. 2018;

Alderman and Bundy, 2012), attendance (Gelli et al. 2016; Zenebe et al. 2018),
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performance (Kristjansson et al. 2007) and nutritional improvement (Masset and Gelli,
2013; Zenebe et al. 2018; Gelli et al. 2016) the program still possesses a high risk of food

contamination on the beneficiary pupils.

The food contamination is a widespread phenomenon in the developing countries.
According to WHO, an estimated 600 million, almost 1 in 10 people in the world fall ill
after eating contaminated food (WHO, 2021; GAIN, 2020). These diseases linked to the
consumption of contaminated food affect millions of people every year, notably in
developing countries. These ailments disproportionately affect children and other
vulnerable groups, such as pregnant women, the sick, and the elderly (GAIN, 2020;
WHO, 2015; 2021). Furthermore, the WHO estimates that more than 200,000 people die
of food poisoning annually in Nigeria from foodborne pathogens cause by improper
processing, preservation, and service (GAIN, 2020; Onyeaka et al., 2021; WHO, 2021).
This situation led the Federal Ministry of Health (FMoH) in 2021 to launch a Unified
Food Safety Training Manual for capacity building of food vendors, food handlers, food
manufacturers and a plethora of personnel throughout the country's food supply chain
(WHO, 2021). The public food services providers and the food processing environment

were identified as sources of food contamination (Gizaw, 2019).

For example, the cases of food poisoning in schools across Nigeria are those most
associated with private caterers bringing their food to the school arena to sell to pupils
(Ogbeche, 2016; Premium Times, 2018). Most schools participating in feeding programs
have no or insufficient system in place to monitor the quality and safety of meals served
to children enrolled (Bas et al., 2006; Fotopoulos et al., 2011; WEP, 2012; Bigson et al.,
2020), and the unavailability of proper infrastructure to support skilled food vendors
(Rendall-Mkosi et al. 2013). Foodborne infections are common in resource-limited
countries such as Nigeria, but they are vastly underreported (Ameme et al., 2016). The
closure of Queen's College after two students died, as reported by (Daily Post, 2017),
Mega Government Girls Comprehensive Secondary School after three students died
(Premium Times, 2018), and 71 girls at Government Girls Secondary School Kalgo who

were hospitalized after eating contaminated food purchased from private vendors selling
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on school grounds were the few known cases of fatal food poisoning among Nigerian

schoolchildren (Ogbeche, 2016).

2.5 Empirical evidence of food safety KAP of food vendors engaged in
the HGSF

2.5.1 Food Safety Knowledge of Vendors

To effectively implement food safety measures among food vending sites, it is
necessary to have adequate food safety knowledge, skills, infrastructure, and equipment
(Cortese et al., 2016). For example, Parry-Hanson Kunadu et al. (2016); Nkosi and Tabit
(2021) revealed that respondents had insufficient food safety knowledge in areas of
washing their hands when preparing and serving food, using soap and warm running
water, and wiping them dry with a clean, dry cloth in Ghana and South African. Similarly,
Osaili et al. (2018) revealed that respondents had insufficient food safety knowledge,
mainly due to weak practices of personal hygiene and low awareness on foodborne
pathogens and related symptoms and illnesses. Several studies in Nigeria, Pakistan, South
Africa, Malaysia, Ghana, Jordan, and the USA have found that providing education and
training to food vendors is critical in ensuring that they have the necessary knowledge to
comply with food safety standards (Madaki and Bavorova, 2019; Mgqgibandaba et al.,
2020; Naeem et al., 2018; Sibanyoni et al., 2017; Husain et al., 2016; Parry-Hanson
Kunadu et al., 2016; Osaili et al., 2018; Moreb et al., 2017; Chuang et al., 2021).

2.5.2 Food Safety Attitude

Food vendors' safety attitudes can be defined as the implementation of food safety
standards that strongly influence the incidence of foodborne illnesses (Howes et al.,
1996). Several studies conducted in Pakistan, Ghana, Turkey, Brazil and Malaysia
revealed that food vendors have poor food safety attitudes (Nacem et al., 2018; Baser et
al., 2017; da Vitoria et al., 2021; Kunodu et al., 2016; Premarathne et al., 2017). Likewise,
Baser et al. (2017) reported that hotel staff in Turkey have a poor attitude toward boiling

and refrigerating milk, storing and refrigerating leftover foods within two hours, and
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checking the expiration date of food. Similarly, Kunodu et al. (2016) said that vendors
had a poor attitude toward defrosted food storage and handling. Premarathne et al. (2017)
reported that food vendors do not wash their hands before preparing a meal because they
believe it is a waste of time and also because they are unaware of the consequences of
dirty hands. Food safety attitudes do not always change as a result of food safety
knowledge alone (Sani and Siow, 2014; Al-Shabib et al., 2016; Byrd-Bredbenner et al.,
2007; Sanlier, 2009). Age, gender, education, access to internet, and other sources of
information such as radio and television are also factors affecting their attitude (Li-Cohen
and Bruhn, 2002; Medeiros et al., 2004; Sibanyoni et al., 2017; Siddiky et al., 2022;
Tiozzo et al., 2019; Kang et al., 2019).

2.5.3 Food Safety Practice

Food contamination is linked to some factors, including poor hygiene practices,
improper food temperatures, and an inability to follow proper food preparation techniques
(Monney etal., 2013). For example, a study conducted in Bulgaria by Stratev et al. (2017)
reported that 44.4% of food vendors frequently taste and dish out food with unprotected
hands, and 48.9 % stated that they frequently read the condition of use and storage of
packaged food. More than half of all cooks (51.1 %) never wear an apron. Regarding
cooking, 47.8 % never wear jewelry such as rings or bracelets. Parry-Hanson Kunadu et
al. (2016) conducted a study conducted in Ghana and reported that food handlers'
practices were generally insufficient, with a mean score 0£9.35 5.62. (52%). The majority
(92%) of respondents reported washing their hands with antibacterial soap after using the
restroom. Only 36.0 % use separate utensils to prepare raw and ready-to-eat food. It can
be seen that more than half of the food vendors always thawed their food at room
temperature. Furthermore, Moreb et al. (2017) revealed that vendors had an average
(67.0%) level of food safety practices, food storage (52.8%), kitchen usage and
maintenance (59.0%), and personal hygiene (59.0%). On the other hand, they had poor
food safety practices and handling (10.8%) and food poisoning (20.1%). Studies
conducted in Brazil reported that food vendors were found to be insufficiently engaged
in good hygiene practices such as hand washing, hair covering, and maintaining cold

storage (Cortese et al., 2016; Kothe et al., 2016), which may lead to foodborne diseases
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in consumers (Trafialek et al., 2018). Although researchers identified several factors that
influence food handling practice, including years of vending experience, source of
information, age, and gender (Siddiky et al., 2022; Teffo and Tabit, 2020; Chietal., 2017,
Kang et al., 2019).
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3. Theoretical framework

3.1. Theoretical framework underpinning effect SFP on pupils’

educational achievement and nutritional status

The theoretical review in this subsection focusses on the impact of school feeding
programs on pupils' educational achievement (school enrolment, class attendance, and
academic performance) and nutritional status (BMI-for-age, Height-for-age and Dietary
diversity score). The Vroom expectancy theory of motivation is the principal theoretical
frame for this study. This theory states that individuals are motivated to perform when
they know that their extra effort will be rewarded (Vroom et al. 2015). In other words,
the theory states that the intensity of an expectation that performance will be followed by
a specific outcome, as well as the appeal of the outcome to an individual, influences the
intensity of the tendency to perform in a certain way. As a result of the school feeding
program, school attendance and achievements may improve. Hungry children not only go
to school to be fed but also receive an education, thus meeting their physiological needs
(food, water, shelter, and rest) (Maslow, 1943). Adequate food supplies are required as
the body grows. Malnutrition has a wide range of consequences for a child's ability to
learn and develop their brain. Malnourished children have a weakened immune system,
making them more susceptible to diseases, infections, and frustrations than well-fed
children (Alderman and Bundy, 2012). Furthermore, if children's basic nutritional needs
are not met, they cannot concentrate or pay attention to academic pursuits (Kristjansson
et al., 2015; Afridi et al., 2019). Therefore, the above theoretical framework will cover
only objective one and two of the study. Figure 2 illustrates the causal relationship of the

school feeding outcomes.
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Figure 1: Conceptual framework on school feeding program

Source : Grantham-McGregor et al. (1988) and Jacoby et al. (1998)

3.2. Theoretical framework supporting the connection of

smallholders with caterers and processors

The HGSF is underpinned by the theory of change (Weiss, 1995), which is a
model that explains how strategies, activities, or programs contribute to a set of specific
outcomes through a series of intermediate outcomes in a systematic way. Even though
there is no unified model of HGSF, the programs are clearly distinct in important ways
across many countries. Those who argue that the HGSF can provide both social protection
and agricultural development benefits draw heavily on Chilean and Brazilian experiences
and reports by Morgan et al. (2007) and Espejo et al. (2009), who reported that the
primary goal of the SFP is to provide meals to children (Sumberg and Sabates-Wheeler,
2011). However, HGSF aims to help to improve food security in smallholder farmers'
households' livelihood indirectly (Morgan et al., 2007; Espejo et al., 2009; Sumberg and
Sabates-Wheeler, 2011). The HGSF is theorized, can produce a wide range of outcomes,
and have the potential to trigger an improvement in household food security status. Thus,

by farmers accessing funds to improve production, linking farmers to caterers (linking to
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market and value chain) who purchase their products for cooking to pupils across the
beneficiary schools (Espejo et al. 2009), and linking the farmers with processors to sell
their surpluses or during periods when schools are on break (Morgan et al. 2007; Espejo
et al. 2009; Sumberg and Sabates-Wheeler, 2011).

Dependent variables Hypotheses
. Increase

Access to credit .

production
Smallholder Homegrown :
farmmers school feeding Farmers linked Increase Food security

program to caterers income
Farmers linked Increase

to processors income

Figure 2: Conceptual framework linking smallholder farmer to HGSF on their

household food security

Source: Authors illustration, (2022)

3.3. Theoretical framework underpinning food safety KAP in the HGSF

The theoretical underpinning for the development of the hypothesized
relationships was the Food safety knowledge (K), food safety attitude (A), and food safety
practice (P) (KAP) model (Schwartz, 1975). The KAP model proposes that food safety
knowledge influences food safety attitudes which may subsequently result in behavioral
changes (Rennie, 1995). Essentially, food vendors' safety knowledge influences their
attitudes and, as a result, their hygiene, kitchen hygiene, and disease control practices.
Several studies have attempted to use the KAP model to investigate food vendors'
attitudes and practices in various contexts over the years. For example, findings from
Madaki and Bavorova (2021) revealed that food safety knowledge, attitudes and
economic and social control affected the food safety behavior of the food vendors.

Similarly, food safety knowledge positively impacts food vendors' attitudes, which
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significantly contributes to adherence to hygiene practices ( ). A study
by among food vendors participating in the Brazil SFP found that
their food safety knowledge improved their food safety attitude and practice. On the other
hand, a study by found that increasing food safety knowledge has no
significant impact on food handling practices. Likewise, research conducted among South
African SFP food vendors found that food vendors' lack of food safety knowledge leads

to a poor attitude toward many critical aspects of microbial food safety hazards

(

Demographic
characteristics
&

Food safety
Information
sources

Food safety
Food safety attitude Food safety
knowledge practice

Figure 3: A conceptual framework of food safety knowledge, attitude, and

practice, shows the model through which practices can be changed.

Source: Authors illustration, (2022)
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4. Methodology

4.1. Purpose of the research method

This section discusses the various data collection approaches, sampling

techniques, and descriptive data analysis. The variables used in the study and the

testing of the research hypotheses are further described.Considering the study

objective and the study objectives, the methodology of the research was prepared in

order to answer the following research questions in order to answer the state

objectives of the school feed program and to provide useful knowledge to

policymakers.

1.

What is the effect of a school feeding program on pupils’ school enrollment,
attendance, performance, and what is the effect of the duration of the feeding
program on pupils’ academic performance?

What is the effect of school feeding programs on pupils’ dietary diversity score,
BMI-for-age and height-for-age?, what is the effect of the duration of the feeding
program on pupils nutritional status?, What are the factors affecting pupils dietary
diversity score, BMI-for-age and height-for-age?

What is the effect of famers access credit, linking farmers to caterers and linking
farmers to processors on smallholder farmers household food security status?,
what are the factors affecting smallholder farmer household food security status?
What is the food safety knowledge, attitude and practice of food vendors engage
in the school feeding program and what are the factors affecting food vendors

food safety knowledge, attitude and practice?

4.2. Study area

Nigeria's population was 213 million in 2021, more than 41% of the population is

under the age of 14, and with a population growth rate of 3.2% annually and a mortality

rate of below five years of 101 per 1,000 live births, the country is expected to have 410

million inhabitants by 2050. ( ). The unemployment rate in Nigeria is at 33.3%
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recorded in Q2, 2022 (NBS, 2022). Minimum wages in Nigeria remained unchanged at
30,000 NGN/month in 2020 equivalents ($73) (World Bank, 2020). Primary school
enrolment (% gross) in Nigeria was reported to be 87.45 % and the graduation rate for
boys and girls was 70.8 % (NBS, 2020).

Nigeria Northeast part of the country comprises six states, namely, Adamawa,
Bauchi, Borno, Gombe, Taraba, and the Yobe States, which occupy slightly fewer than
1/3 of Nigeria's total area and has a population estimated at 23.5 million people or 13.5%.
(NBS, 2020). North-eastern Nigeria comprises six states: Adamawa, Bauchi, Borno,
Gombe, Taraba and the Yobe States, with an estimated population of 23.5 million
inhabitants or 13.5% of the overall national population and an area that occupies slightly
less than 1/3 of the total national landmass (Figure 9) (NBS, 2020). In this region live
60% of Nigeria's 10.5 million out-of-school children (UNICEF, 2020a). Food security
has deteriorated in the region compared to previous years, with poor and borderline food
consumption (reported by 44% of households) nearly as high as at the crisis peak caused
by the political and religious turmoil of Boko Haram (NBS, 2020; WEP, 2020a). Most
households lack the financial resources to meet basic needs, and 60% of the population is
highly vulnerable (NBS,2020; WFP, 2020a), with about 2.17 million Internally Displaced
Persons (IDPs) identified in 446,740 households (DTM, 2022).

Acute malnutrition in the Northeast region of Nigeria is anticipated to affect more
than 1.74 million children under the age of five between September 2021 and August
2022. This includes more than a million cases of moderate acute malnutrition (MAM)
and nearly 614,000 cases of severe acute malnutrition (SAM) (IPC, 2022). Very poor
food consumption (quantity and quality), population displacement, and insecurity that
prevents the delivery of humanitarian aid are the main immediate causes of acute
malnutrition (IPC, 2022). Due to these conditions, in 2016, SFPs were launched, which
benefited a cumulative number of about 9.9 million pupils in over 56,000 public primary
schools across 33 Nigerian states. Non-beneficiary schools were mainly community
primary schools established by local communities and supported sporadically by

philanthropists and international organizations.
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Figure 4: Map of Nigeria showing North-eastern region and selected study area.

Source: Author’s illustration with data from diva-gis.org

4.3. Sampling technique and analytical tools for assessing the effect of

SFP on education performance

4.3.1. Sampling technique and data collection for teachers

The field survey was conducted in Nigeria's north-eastern region between
November 2020 and February 2021. These regions were specifically chosen due to the
high number of out-of-school children in the country because of Boko Haram kidnappings
and attacks on school infrastructure (Bertoni et al., 2019; Abayomi, 2018), which have
negatively impacted pupils' enrolment, attendance, and academic performance (UNICEF,

2020).

For the selection of class teachers, a multi-stage sampling procedure was used.
The first step was to purposively select a sample of three states from six in north-eastern
Nigeria, namely Adamawa, Bauchi, and Gombe. These states were selected because they
are less vulnerable to Boko Haram terrorist attacks in Nigeria's north-eastern region which
possess a less risky environment for carrying the study. In the next stage, four local
government areas from each of the three states were selected purposefully. This was done

to avoid local government areas with a high rate of kidnappings and banditry. Then, five
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wards from the initial list of local government areas were selected at random. The final
stage involved a random selection of one primary school in each of the wards and then
three class teachers (grades one-three) were selected for the study forming 180
respondents (see table 1). These teachers were used as expert respondent in the study
because pupils alone will not be able to provide us with accurate needed information such

as their academic records.

The questionnaire included questions regarding teachers' perceptions of the SFP
effect on pupils’ enrolment, attendance, academic performance and class participation.
Secondary data were obtained from unpublished schools’ records (school enrolment
record book, class attendance register, and students' results report cards) at the same
schools where primary data was collected. The data included information on staff from
school records (staff-to-student ratio, teacher education qualification, years of teaching
experience) as well as pupils' school enrolment, attendance, and academic performance

(Math and English scores) for grades 1-3 before and after the SFP intervention.

Table 1 Sample Selection for teachers

State LGAs Wards Schools and class Sample size
teacher
Adamawa Yola north 5 Wards 1 school x 3 class teachers 15 respondents
Demsa 5 " 1 school x 3 " 5 "
Numan 5 " 1 school x 3 " 15 "
Mayo -Belwa 5 " 1 school x 3 " 5 "
Bauchi Alkaleri 5 " 1 school x 3 " 15 "
Bauchi 5 " 1 school x 3 " 5 "
Dass 5 " 1 school x 3 " 15 "
Katagum 5 " 1 school x 3 " 5
Gombe Akko 5 " 1 school x 3 " 5 "
Billiri 5 " 1 school x 3 " 15
Gombe 5 " 1 school x 3 " 15 "
Bajoga 5 " 1 school x 3 " 5 "
Total 12 LGAs 60 wards 60 primary schools 180 respondents

LGA — Local governmental area
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4.3.2. Analytical tools for assessing the effect of SFP on pupils’

educational achievements

The following analytical tools were used to answer research questions for
assessing the impact of SFP on pupils' educational achievement namely: (i). Is there an
effect of school feeding programs on pupils' school enrolment rate, class attendance,
academic performance and class participation? and (ii). The effect of the SFP duration on

pupils’ academic performance?

First, a paired-sample t-test was used to compare the means of selected variables
before and after the intervention (enrollment, attendance, and performance). Secondly, a
linear regression model was used to determine the effect of the school feeding programs
on education performance (using Mathematics and English scores as dependent variables)
adopted from using STATA

14 statistical software.
Linear Regression
Models specification:
Y= Lo+ B1Xi+ LoXot . .+ LpXn+ € (1)
Where:
Y = Dependent variable (Pupil's mathematics (model 1) and English (model 2) score)
Bo-Brn= Regression coefficients

X1-X,= Independent variables (Duration of the feeding program, age of teacher,
gender, education qualification of teachers, teachers' pupil ratio, number of pupils in
a class, average boys child school attendance rate, and average girl child school

attendance rate)
€ =Error term

The model was tested for multi-collinearity using a correlation matrix, coefficients
of tolerance, and a variance inflation factor (VIF), which indicated that the variables

were independent. The Durbin-Wu-Hausman test did not indicate any effect of
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potential endogeneity. The dependent variable, which was a continuous variable,
showed that pupils' average English and Mathematics scores were similar in averages

terms with those found in previous studies (

)

4.3.3 Sample description of teachers

Table 2 presents the descriptive statistics of the variables included in the
regression model. The mean score for Math was 48.77 and 48.21 for English after SFP
was introduced. The average age of teachers was 41 years, most of who were male
(57.2%). About 23% of teachers possessed a graduate degree and 3.9% with a
postgraduate degree as their highest qualification. The teachers in the sample had an
average of 16 years of teaching experience.

The SFP in the beneficiary schools was introduced on average 15 months before
the survey. On average, the teacher/pupil ratio was 34 pupils per teacher with a minimum
of 7 and a maximum of 67. The average number of pupils in a class was 64. The average

school attendance in 100 school days was 90.3% among boys and 89.4% among girls.
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Table 2 Description of variables in the linear regression model

Variables Description Mean Std. Dev.  Min Max

Dependent Variables

Math score Math score measured on a point  48.77 9.357 15 66.5
scale of 0-100

English score English score measured on a 48.21 8.533 15 68
point scale of 0-100

Teachers' characteristics

Gender Male = 1, female =0 0.572 0.496 0 1

Age in years 41.21 8.139 26 55

Teaching experience years of teaching experience 15.73 7.094 2 30

Graduate education Graduate=1 others=0 0.233 0.424 0 1

Postgraduate Postgraduate=1 others=0 0.039 0.194 0 1

School characteristics

Duration of the SFP Months 15 2.971 8 24

Teachers’ pupils’ ratio Number of pupils per teacherin  33.78 14.81 7.69 66.66
a school

Pupils in a class Number of pupils in a class 64.05 18.72 35 120

Average school attendance % of school attendance in 100 90.34 2.321 88 100

boys days

Average school attendance % of schools attendance in 100 89.4 3.176 85 100

girls

days

SFP: School feeding program

4.4. Data collection, sampling technique and analytical tools for assessing

the effect of SFP on pupils’ nutrition status

4.4.1. Sampling technique for beneficiaries and non-beneficiaries’ pupils

The field survey was conducted between November 2020 and February 2021 in

Nigeria's north-eastern region. These areas were chosen specifically because of the high
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prevalence of acute malnutrition among the children in the study area and high number
of out of school children in the area. This was exacerbated by attacks on communities and
public infrastructure, which resulted in a high number of cases of Internally Displaced
Persons (IDP) and parents unable to cultivate their farms and provide food for their
households. This prompted the Federal Government to implement the SFP to alleviate
hunger, improve nutritional status, and encourage pupils to attend school (UNICEF,
2021a; WFP, 2020a).

The study selected 780 pupils enrolled in primary schools ages between 6 and 13
years, where 600 studied in public SFP beneficiary schools (the treated group) and 180
from non-beneficiary schools (the control group). All schools selected were from rural
areas with similar socioeconomic characteristics; the majority of pupils' parents were
farmers who cultivate an average farm size of 2 hectares. Consequently, the household
characteristics of the pupils in both schools share similar patterns in terms of socio-

demographics, farm size, crop type, and level of income.

A multi-stage sampling procedure was used to select pupils for the study. In the
first step, three states in north-eastern Nigeria, namely Adamawa, Bauchi, and Gombe,
were chosen as because they are less vulnerable to Boko Haram attacks and kidnapping,
thereby being safer for study implementation while still having high vulnerability from
the legacy of the conflicts in the recent past. In the second step, four local government
areas from each of the three states were purposefully selected, resulting in 12 local
government areas. This was done to avoid local government areas with a high rate of
kidnappings and banditry. In the third step, five wards per local government area (a ward
is an administrative division of a city or borough that elects and represents a councillor)
were randomly selected from the initial local government areas resulting in 60 wards
selected for the survey. The fourth step entails a random selection of one primary school
in each ward, then a systematic random selection of 10 pupils from a school in each ward

(5 boys and 5 girls), a sample of 600 beneficiaries of SFPs provided in the selected areas.

Similarly, for non-beneficiary pupils, samples were selected using the same
procedure but obtaining three local governments and then choosing one ward in each.

One school not benefiting from public SFPs was chosen in each ward, and 20 pupils were
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selected per school, which overall amounted to a lesser but comparable number of pupils
not being subjects of public SFPs. The non-beneficiary schools were community primary
schools in the areas established by the people themselves to reduce the challenge of
walking long distances to school, with little support from philanthropists and international

organizations in hiring teachers.

780 pupils
600 180
beneficiary

non-
beneficiary

) =

[Adamawa }[ Bauchi J[ Gombe Adamawa

[ [ ] L

[ 4 LGAs 4 LGAs 4LGAs ] 3LGAs 3LGAs 3LGAs }
s 'Y 4 / 4 v
5 Wards 5 Wards 5 Wards 1 Ward 1 Ward 1 Ward
each each each each each each

1 schools x 10 1 schools x 10 1 schools = 10 1 schools x 20 1 schools x 20 1 schools x 20
pupils pupils pupils pupils pupils pupils

[ 200 pupils J[ 200 pupils ][ 200 pupils ] [ 60 pupils }[ 60 pupils ][ 60 pupils }

Bauchi Gombe ]

Figure 5: Sampling Procedure and Sample Size

Source: Authors illustration

4.4.2. The questionnaire design and variables

The study questionnaire was based on a literature review and in-depth interviews
and was explicitly designed for the pupils and was divided into three sections. The first
section included information from the pupil's household, such as the parents' education,
household size and pupils' main characteristics such as age, gender, grade and duration in
the SFP in the beneficiaries' case. The second section of the questionnaire involved

anthropometric data such as the pupils' height and weight to assess the pupils' nutritional
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status (Height-for-age and BMI-for-age). The pupil's height and weight were measured
using stadiometer and digital body scale respectively, as adopted from Gelli et al (2016),
Zenebe et al (2018) and Ayehu and Sahile (2021).

The third section of the questionnaire involved the individual Dietary Diversity
Score (DDS) questions. The DDS questionnaire was adapted from the Food and Nutrition
Technical Assistant (FANTA, 2006) guidelines. A twelve-food group DDS scale was
used to assess the quality of diet based on foods consumed in the last 24 hours of the
survey by the pupils, adopted from Deitchler et al. (2011) and Zenebe et al. (2018).
Anthropometric measurement is used to measure children’s nutritional status (WHO,
2007). The World Health Organization (WHO) child growth standards median was used
to categorize pupils’ height-for-age and BMI-for-age to identify stunted, thinness, being
overweight, and obesity (See Table 3).

Table 3: Anthropometry Nutritional Status of Children and Adolescents (5-19 Years
0Old) z-score

Anthropometri | Age |<-3 >-3to<-|> -2 |2-1to|>+1to<+2|> +2|>+43

¢ Indicator and 2 to<-|<+1 to

Condition 1 <+3

Height-for-age 5-19 | Severe Moderate Normal Extreme

years | stunting | stunting tallness

indicates
endocrine
disorder.

BMlI-for-age 5-19 | Severe | Moderate | Normal Overweight | Obesity

years | thinness | thinness

Source: 2007 WHO Growth Reference

4.4.3. Analytical tools for assessing the effect of SFP on pupils’ nutrition

status

The following subsection presents tools of analysis to answer the following research
question. 1). What is the effect of school feeding programs on pupils’ dietary diversity
score, BMI-for-age and height-for-age? 2). What are the factors influencing pupils’
dietary diversity score, BMI-for-age and height-for-age? And 3). What is the effect of
SFP on pupils’ nutritional status? BMI-for-age and height-for-age were assessed using

WHO Anthro plus software [versionl.0.4] based on the WHO (2007) growth reference
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data. To determine factors influencing pupils’ nutritional status using linear regression
and propensity score matching (PSM), inverse probability weighted adjusted regression
(IPWRA), and endogenous switching regression (ESR) models to control for endogeneity
to analyse the effect of SFP on pupils’ nutritional status using STATA 14 statistical

software.

Models specification:
Y=botb1Xi1+b2Xot ... +baXn+e... cooiiiiiiiii (1)

Y=Dependent variable (Dietary diversity score... (model 1), (BMI-for-age... (model 2),
and (Height-for-age... (model 3)

bo-bn= Regression coefficients

Xi-Xs= Independent variables (school feeding programme, age in months, gender,

household size, mothers’ education, and fathers’ education).
e=Error term

Treatment effect analysis

Identifying the causal effects of SFP on pupils' nutritional status using the DDS,
height-for-age, and BMlI-for-age variables can be challenging due to the risk of
endogeneity bias. Due to observed and unobserved individual characteristics, selection
bias may persist in the absence of random assignment. To measure SFPs' impact
accurately and account for observable and unobservable characteristics, the observed
individuals must be randomly assigned to different treatments. Guided by the work of
Agyemang et al. (2020), we followed propensity score matching (PSM), inverse
probability weighted adjusted regression (IPWRA), and endogenous switching regression
(ESR) models to control for endogeneity bias (Shiferaw et al., 2014; Wossen et al., 2017;
Mojo et al., 2017).

Treatments for endogeneity bias
The PSM technique was used to answer the counterfactual question, "What would

have happened to the pupil's nutritional status if they did not have access to the SFP, as
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beneficiaries (treated) if those same pupils were non-beneficiary (control)?". The

empirical models used are described in detail below.

The probit model: SFP beneficiary pupils and non-beneficiary were considered

dependent variables. The binary probit model is defined as follows:

Where: Z; is the dependent variable — binary with only two outcomes (denoted by 1=
"pupils benefiting from an SFP" and 0 = "pupils non-benefiting from an SFP; xi a vector
of regressors assumed to influence Zi; "Pr" the probability and ¢ the cumulative
distribution function of the standard normal distribution and y a vector of unknown

parameters.

Zi" can then be specified as:

Zix= o +yN_, X i Ui oo 3
That: Z; = iy zi> 0 and Z; = Ootherwise

Where xi = a vector of explanatory variables (age in months, gender, household size,
mothers' education and fathers' education); y = a vector of unknown parameters and u; =
a random disturbance term. n = total sample size. The unknown parameters are estimated
by the method of maximum likelihood, and the marginal effects of the parameters explain

the magnitude of relations between the dependent and independent variables.

Since our PSM goal is to estimate the average treatment effect of pupils benefiting from

the SPFs, the impact of the SFPs on pupils' nutritional status is given as:
E(Yi-YoX, D=1) =E (Yi/X,D=1)—E(Yo/X,D=1). ...c...cvvvvirrn... 4

Where E(.) is the operator of expectation; Y is the DDS, Height-for-age, BMI-for-age of
beneficiary pupils; Yo is the DDS, Height-for-age, BMI-for-age of non-beneficiary
pupils; X is a vector of relevant observable covariates related to pupils' characteristics;
and D is a binary indicator of beneficiaries, assigning figure 1 when accessing SFP.
E(Y1/X, D = 1) is thus the beneficiary pupils' nutritional status; E(Yo/X, D = 1) the

nonbeneficiary pupils' nutritional status.
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Observing Y1 and Yo at the same time may prove impossible (Heckman et al.,
1997; Wadud, 2013) because a pupil is either a benefiter or not. Especially when no
baseline data is available and not possible to recall data. We use data on E(Y1/X, D =1)
which are thus readily available, but the econometric problem is to find E(Yo/X, D = 1)
because observing the pupil nutritional status of benefiting pupils and the nutritional
status of the same pupils had he/she not benefited is impossible. Therefore, we estimate

E(Yo/X, D =1) in a way counter-factual by making some assumptions.

One assumption often made by econometricians is to represent the counter-factual
by calculating E(Yo/X, D = 0), the pupil nutritional status of non-benefiting pupils, as a
control effect. This causes a bias concerning the difference E(Yo/X, D=1) E(Yo/X, D=
0), resulting in selection bias (Mayen et al., 2010). Rubin (1977) and Rosenbaum and
Rubin (1985) proposed using propensity scores to match beneficiaries with non-
beneficiaries as a solution. This aids in dealing with the biases caused by differences in
the characteristics of both pupil groups. As a result, being a beneficiary of the SFP is
assumed to be independent of the outcome, given the observed covariates, and the

conditional independence assumption: YoS/X. (Wadud, 2013).

However, in the presence of mis-specification in the propensity score model, ATT
from PSM can still produce biased results (Robins et al., 2007; Wooldridge, 2007, 2010).
The use of inverse probability-weighted adjusted regression (IPWRA) could be a
potential remedy for such mis-specification bias. According to Wooldridge (2010),
IPWRA estimates will be consistent in treatment/outcome model mis-specification, but
not both. As a result, the IPWRA estimator has a double-robust property, ensuring
consistent results by accounting for mis-specification in both the outcome and the
treatment model as adopted (Wossen et al. 2017). ATT in the IPWRA model is estimated
in two steps, as described by Imbens and Wooldridge (2009). Assume the outcome model
is represented by a linear regression function of the form Yi=ai+oixi+¢ for i =[0 1], and
the propensity scores are given by p(x; ¥). The propensity scores are estimated as p(x; v)
in the first step. In the second step, we use linear regression to evaluate (a0, @o) and (o,

@1) using inverse probability weighted least squares, as follows.
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The ATT is then computed as the difference between equation (5) and equation (6)

ATT = NLZin[( al— a) = ( @Y= @o)x; ..o, 7

where, (0u,91) are estimated inverse probability-weighted parameters for treated pupils
while (0,po) are estimated inverse probability-weighted parameters for untreated pupils.
Finally, N.w. stands for the total number of treated pupils. On the other hand, matching
techniques can only overcome selection bias caused by observables, regardless of mis-
specification bias adjustments. When unobservable heterogeneity, such as a pupil's
inherent skill, causes endogeneity bias, result matching techniques will be biased. As a
result, we used an ESR model that accounts for observed and unobserved bias sources
(Bidzakin et al., 2019; Shiferaw et al., 2014; Ma and Abdulai, 2016; Wossen et al., 2017).
The ESR method solves the endogeneity problem by estimating the selection and outcome
equations with full information maximum likelihood (FIML) (Ma and Abdulai, 2016;
Wossen et al., 2017).

We assume that a particular group of pupils would consider receiving treatment if
the expected benefit of the treatment (in terms of nutritional status) is positive. Let fo be
the nutritional status of pupils without treatment (that is, not benefiting from the SFP) and
let f1 be the corresponding nutritional status with treatment (that is, benefiting from the
SFP). The household head will choose for the pupil to be in the treatment if the nutritional
status improves, defined as, Y; =F;-Fo, which is positive. However, the pupil nutritional
status that the pupil derives from treatment (Y;') is a latent variable determined by

observed characteristics (Z;) as follows:

) 1 if Y#>0
Y, x= BO +)/Zi+].J_1W1th Ti:{m ............................ 8
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Variables affecting the expected benefits of benefiting from the SFP are represented by
the vector Z. The conditional outcome function can then be specified as an ESR model in

the following way.
Regimel: Yi=vyixiitei if Ti=1 .o, 9
Regime2: Yo =voxoit+ i if Ti=0 .ooviiiiiiiiiii. 10

where Y1; is the outcome indicator for treated pupils and Y2; is the outcome indicator for
untreated pupils, and xi is a vector of exogenous variables. The outcome variable's error
term is in the selection equation (8), and the outcome equation (9) and (10) the error terms
are assumed to have a trivariate normal distribution with mean zero and covariance matrix

(Q) in the following way:

2
0, 01/1 0,

2
Q= o, o

0)

u

2
u 03

Where % = var(l), = var(s), % =(2), % = cov(w, 1), 2« = cov(y, &) Furthermore,
%, = is estimable up to a scale factor and can be assumed to be equal to 1 (Maddalla,
1983) and cov(ei, €2) is not defined as Y: and Y: cannot be observed simultaneously.
Moreover, the correlation between the error term of the selection equation and the
outcome equation is not zero (i.e., corr(pi, &) # 0 and corr(p:, &) # 0) which creates
selection bias. ESR addresses this selection bias by estimating the inverse Mills ratios
(IMR) (A and A2) and the covariance terms ( %1x and ©2x) and including them as

auxiliary regressors in equations (9) and (10). If 1x and % are significant, we reject

the absence of selection bias. In addition, %1« < 0 represents positive selection bias (i.e.,
pupils with above-average nutritional status are more likely to choose to be in the
treatment). The ESR model estimates can then be used to estimate ATT (Average

treatment effect on untreated households) as follows:
E(YulTi=1)=yxnitAn Qoo 11

E(Y2|Ti=0)=vyax2i thai Qon voviviiiiiiiiiiiiiiiiiiien 12
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E(YaTi=1)=yaxii thii Qon o, 13

E(Yu|Ti=0)=1vyux2i thai Qs oo 14

The actual expectations observed in the sample are represented by equations (11) and (12)
along the diagonal of Table 4. The counter-factual expected outcome is described by
equations (12) and (14). In addition, following Heckman et al. (2001), we calculate the
average treatment of the treated "on beneficiary pupils" on the treated (ATT) as the

difference between equations (11) and (13),
ATT= E(Y11|Ti = 1)— E(Y21|Ti = 1) = XIi(’Yl-’Yz) + (0’1ll - O’leﬁui ............. 15

which represents the effect of SFP benefits on the BMI-for-age, height-for-age, and DDS
of the beneficiary pupils Similarly; for non-beneficiaries of the SFP, we calculate the

effect of treatment on the untreated (TU) as the difference between equations (14) and
(12).
ATU= E(Yi|Ti = 0)- E(Ya2i[Ti = 0) = x2i(y1-y2) + (01p — o, )hai oovvnnnnn. 16

To account for the effects of heterogeneity, we use the expected outcomes described in
equations (a) - (d) in Table 3. For example, beneficiaries of the SFP may have a higher
BMI-for-age, height-for-age, and DDS than non-beneficiaries regardless they benefited

from SFP or not, but this may be due to unobservable characteristics such as their skills.
BHi= E(Yui[Ti=1)- E(Yu|T;i=0) = ()Cu - xzi) Mi +O1u (7»11— A2i) ceveinnnn 17

We investigated "transitional heterogeneity" (TH), or whether the effect of SFP was larger
or smaller for SFP beneficiaries or non-beneficiaries in the counter-factual case that they

did benefit, which is the difference between equations (15) and (16) (i.e., ATT and ATU).

BHz= E(Y2([Ti = 1)- E(Y2i|Ti = 0) = (x1i - X21) Aai + %20 (Mai= A2i) wvvvnnnnn. 18
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Table 4: Conditional Expectations, Treatment, and Heterogeneity Effects

Decision stage

Sub-samples Beneficiaries Non-beneficiaries Treatment effects
SFP Beneficiary pupils (a) E(YuTi=1) (c) E(Y2Ti=1) ATT
SFP Non-beneficiary pupils (d) E(Y4|Ti=0) (b) E(Y2|Ti =0) ATU
Heterogeneity effects BH; BH» TH

Note:(a) and (b) represent observed expected pupils BMI for age, height for age and DDS ;(c) and (d)
represent counter-factual expected pupils BMI for age, height for age and DDS.

Ti = 1if pupils are beneficiaries of the SFP; Ai = 0 if pupils are non-beneficiaries of the SFP;

Y1i: changes in BMI-for-age, height-for-age and DDS if pupils are beneficiaries of the SFP;

Y2i: changes in BMI-for-age, height-for-age and DDS if pupils are non-beneficiaries of the SFP;

ATT: Average effect of the treatment (i.e., the SFP) on the treated (i.e., beneficiary pupils of the SFP);
ATU: the effect of the treatment (i.e., the SFP) on the untreated (i.e., non-beneficiary pupils of the SFP);
BHi: the effect of base heterogeneity for beneficiary pupils of the SFP (i = 1), and non-beneficiaries pupils
i=2)

TH = (TT - TU), i.e., transitional heterogeneity

4.4.4. Sampling description for pupils in the study

Table 5 presents the descriptive statistics of the variables included in the linear
regression, PSM, IPWRA and ESR models. The mean score for pupils’ dietary diversity
score is 5.67 on a scale 1-11, pupils have a BMI-for-age mean z-score of -0.49 with -4.72
minimum and 2.29 maximum z-scores. Pupils’ height-for-age mean z-score was found to
be -1.20. age of pupils was measured in months and the mean age was found to be 106.37
and mean household size of 8.44. pupils mean weight was found to be 24.7 kg and the

mean height of the pupils was 124.44 centimeter.
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Table 5: Description of variables in linear regression, PSM, IPWRA and ESR models (n

=780)
Variables Description Mean Std. Dev. Min Max
Dependent variables
Dietary diversity Number of classes of food 5.65 1.855 1 11
score (DDS) consumed within 24 hrs.
BMI-for-age z-score value from each child -0.49 1.132 -4.72 2.29
Height-for-age z-score value from each child -1.20 1.202 -4.45 2.66
Independent variables
SFP Beneficiary =1, non-beneficiary 0.77 0.422 0 1

=0

Demographic information of pupils
Age of pupils Age of pupils in months 106.37 20.964 60 156
Gender Male = 1, female = 0 0.50 0.500 0 1
Household size Number of persons in household 8.44 3.538 1 40
Mothers’ education ~ Quranic/non formal= 1, Primary 2.38 1.028 1 5

=2, Secondary= 3, NCE/Diploma
=4, Graduate= 5
Fathers’ education Quranic/non formal= 1, Primary 2.83 1.062 1 5
=2, Secondary = 3, NCE/Diploma
=4, Graduate= 5

Pupil weight Weight measured in kilogram (kg) 24.70 4.567 13.8 53.8
Pupil height Height measured in centimeters 124.44 8.767 102 160
(cm)

SFP: School feeding program; PSM: Propensity score matching; IPWRA: Inverse Probability Weighted
Adjusted Regression; ESR: Endogenous switching regression.
NCE: National Certificate in Education

4.5. Sampling techniques and analytical tools for examining the impact

of HGSF on smallholder household food security

4.5.1. Analytical tools

The empirical approach included two main parts. First, the Food Consumption
Score (FCS) was used to assess smallholder farmer household food security status.
Second, a binary probit model was used to analyze factors influencing food security
among smallholder farmer households (Kissolyetal., 2017; Herrmann et al., 2018; Geday
et al., 2016; Ogunniyi et al. 2021). Furthermore, we used the PSM, IPWRA and ESR to

estimate the effect of farmers having access to credit, being linked to caterers and linking
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to processors on their food security status. The PSM, IPWRA, and ESR help eliminate
selection bias (i.e., observable and unobservable) associated with establishing conditional
causality with observational data when randomized trials are infeasible (Guo et al., 2020;
Peel, 2018).

The Food Consumption Score

The World Food Programme developed the FCS as a frequency-weighted dietary
diversity score (Leroy et al., 2015). The FCS is the sum of the number of times a food
group from the household dietary score was eaten in the previous seven-day period.
Information on the frequency of consumption in the week prior of cereals, tubers, pulses,
vegetables, fruits, meats and fish, milk, sugar and oil, multiplied by the weight
(importance in the diet) assigned to each group by the World Food Program (WFP, 20006).
The scores are then classified into three categories: poor (<21.5), borderline (21.5-35),

and acceptable (>35) categories. The model used is as follows:
FCS =aib; + asb> + asb...........ashs .............c..c....... (19)

where a = weight of each food, 1-8 = Food group, and b = frequency of food consumption

(nmumber of days for which each food group was consumed during the past 7 days).
Probit Model

A probit model was used to determine the influence of socioeconomic
characteristics and institutional factors affecting the level of food security using Stata 14

statistical software. Marginal effects are presented in the results part.
The binary probit model in the following form was used:

Vil = BIXiH E oo, (20)

where Xi represents a set of all explanatory variables presented in the study, 1 is a vector
of estimated parameters and &i is an error term. Yik is the level of consumption score
where 0 = poor and borderline food security with FCS up to 35; 1 = acceptable food
security with FCS higher than 35 points.

The system of equations describing binary choices of smallholder farmers is given as

follows:
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Yik = {lifYik>0

0  otherwise @

Treatment Effect Analysis

As a result of the endogeneity bias, identifying the causal effects of access to credit,
farmers' links to caterers, and farmers' links to processors on household food security is
not easy. Individuals must be randomly assigned to different treatments to accurately
measure impacts to account for both observable and unobservable characteristics.
Selection bias may persist if observed and unobserved individual characteristics are not
treated with appropriate quasi-experimental methods in the absence of random
assignment. We use the propensity score matching (PSM), inverse probability weighted
adjusted regression (IPWRA), and endogenous switching regression (ESR) methods to

control for observed and unobserved (i.e., the endogeneity problem) bias in this study.
Propensity Score Matching

The PSM technique was used to answer the counterfactual question, "What would
have happened to the food security status of a smallholder farmer who has access to
credit, linked to caterers and linked to processors (i.e., treated) if that same farmer did
not have access to credit, not linked to caterers and not linked to processors (control)?".
The empirical models used are described in detail below. First, we estimated separately,
with a probit model, factors affecting farmers' access to credit, farmers' linkage to

caterers, and farmers' linkage to processors. The probit model used is defined as:
1\ ,
Pr(Zi—;i) =@(X"Y) e 21

Where: Z; is the dependent variable — binary with only two outcomes (denoted by 1=
"farmers with access to credit" and 0 = "farmers without access credit", or 1= "farmers
linked to caterers" and 0 = "farmers not linked to caterers", 1 = farmers linked to
processors and 0 = farmers not linked to processors = 0); xi a vector of regressors assumed
to influence Zi; "Pr" the probability; ¢ the cumulative distribution function of the standard

normal distribution and y a vector of unknown parameters.
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Zi" can then be specified as:
Zix= o0 +Zg:1 b T I 22
That: Z; = 1if zi> 0 and Z; = Ootherwise

Where x; = a vector of explanatory variables is (marital status, education qualification,
years of farming experience, gender, age, household size, etc.,); y = a vector of unknown
parameters and ui = a random disturbance term. N = total sample size. The unknown
parameters are estimated by the method of maximum likelihood and the magnitude of
relations between the dependent and independent variables are explained by the marginal

effects of the parameters.

The goal of using the r propensity score matching is to estimate the average impact
of access to credit, farmers linked to caterers, and farmers linked to processors. The
impact of the treatment variables (i.e., access to credit, farmers linked to caterers, and

farmers linked to processors) on household food security are given as:
E (Yi-Yy/X, D=1) =E (Yi/XX,D=1)—E(Yoy/X,D=1). ............c....... 23

Where E(.) is the expectation operator; Y is the food security status of a beneficiary; Yo
is the food security status of a non-beneficiary; X is a vector of relevant observable
covariates related to farmers' personal characteristics; and D is a binary indicator of
beneficiaries, taking one when a farmer access credit, is linked to caterers and linked to
processors. E(Y1/X, D = 1) the beneficiary's food security status; E(Yo/X, D = 1) the

beneficiary's food security status if the farmer had not benefited.

Observing Y1 and Yy at the same time is impossible (Heckman et al. 1997; Wadud,
2013), because a farmer is either a beneficiary or not, i.e., a) no baseline exists and, b) not
possible to recall data. Data on E(Y1/X, D = 1) are thus easily available, but the
econometric problem is to find E(Yo/X, D= 1) because observing the food security status
of a benefiting farmer and the food security status of the same farmer had that farmer not
benefited is impossible. We can estimate E(Y0/X, D = 1), the counterfactual by making

assumptions.
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One assumption often made by econometricians is to represent the counterfactual
by E(Yo/X, D = 0), the food security status of a non-benefiting farmer, the control group.
This causes a bias concerning the difference E(Yo/X, D = 1)E(Yo/X, D = 0), resulting in
selection bias (Mayen et al., 2010). Rubin (1977; Rosenbaum and Rubin (1985) proposed
using propensity scores to match beneficiaries with non-beneficiaries as a solution. This
helps in controlling the biases caused by differences in the characteristics of both
smallholder farmer groups. As a result, access to credit, farmers' links to caterers, and
farmers' links to processors are assumed to be independent of the outcome given the

observed covariates, conditional independence assumption: YoS/X (Wadud, 2013).

However, in the presence of misspecification in the propensity score model, ATT
from PSM can still produce biased results (Robins et al., 2007; Wooldridge, 2010). The
use of inverse probability-weighted adjusted regression (IPWRA) could be a remedy for
such misspecification bias. According to Wooldridge (2007), IPWRA estimates will be
consistent in the presence of treatment/outcome model misspecification, but not both. As
a result, the IPWRA estimator has the double-robust property, which ensures reliable
estimates by accounting for misspecification in both the outcome and the treatment model
(Wossen et al. 2017; 2018). Imbens and Wooldridge (2009) proposed two steps for
estimating ATT in the IPWRA model. Assume the outcome model is represented by a
linear regression function of the form Yi=ai+@xit& for i= [0 1] and the propensity scores
are given by p(x; ¥). The propensity scores are estimated in the first step as p(x; y). In the
second step, we use linear regression to estimate (o, @o) and (o, ¢1) using inverse

probability weighted least squares as the regression model.

MR SNy o — . if T=
p Yi(Yi—ao —@ox)/p(x, y)IUT=0 oo, 24
:jpn YNVi—ao — pix)/p(x, Y)IfTEL 25

The ATT is then computed as the difference between Equation (24) and Equation (25)

ATT :NiZiNW[( al— a)—( @ = @o)x; ..o, 26
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where, (0.,p:) are estimated inverse probability-weighted parameters for treated
households while (@o,(po) are estimated inverse probability-weighted parameters for

untreated households. Finally, Nw stands for the total number of treated households.

Matching techniques can only overcome selection bias caused by observables,
regardless of misspecification bias adjustments. When unobservable heterogeneity, such
as a farmer's inherent skill, causes endogeneity bias, estimates of the matching technique
will be biased. As a result, we used the endogenous switching regression (ESR) model in
the final step to account for both observed and unobserved bias (Bidzakin et al., 2019;
Shiferaw et al., 2014; Ma and Abdulai, 2016; Wossen et al. 2017). The ESR method
solves the endogeneity problem by estimating the selection and outcome equations with
full information maximum likelihood (FIML) (Ma and Abdulai, 2016; Wossen et al.,
2017)

Furthermore, proper ESR identification necessitates the use of at least one
instrumental variable that influences the treatment rather than the outcome of interest.
Three different ESR models were examined in this study: (i) farmers' access to credit, (ii)
farmers linked to caterers, and (iii) farmers linked to processors. The possible instrument
in the first ESR model for example “farmers' access to credit” was identified as “access
to input subsidy”. Thus, from the question "do you have access to input subsidy?" we
created a dummy variable "those with access to input subsidy" that takes a value of 1,
otherwise 0. The assumption is that farmers who have access to input subsidies have a
better chance to access credit. However, access to credit is not supposed to have a direct
impact on the outcome variables of interest because simply having access to credit does
not improve or decrease household food security. A similar methodology was applied to
identify instrumentals variables for “farmers linked to caterers” which are level of
education and access to market information. Finally, third model “farmers linked to
processors” uses the instrumental variable that is access to credit as adopted from (Adjin

et al., 2020).

We assume that a particular farm household would consider receiving treatment,
i.e., access to credit, link to caterers and link to processors, if the expected benefit of the

treatment (in terms of food security status) is positive. Let Fo be the food security status
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of farmer houscholds without access to credit, not linked to caterers and not linked to
processors (i.e., control group) and let fi be the corresponding food security status of the
treatment group. The farmer will choose to be in the treatment if the food security
improves defined as, Y;"=F-Fo, which is positive. However, the food security status that
the farmer derives from treatment (Y;") is a latent variable determined by observed

characteristics (Zi) as follows:

Yi*=B% +yZ;+pi with T, = {% ............................ 27

Variables affecting expected benefits from having access to credit, farmers' links to
caterers, and farmers' links to processors are represented by the vector Z. The conditional

outcome function can then be specified as an ESR model in the following way.
Regimel: Yi=vixiitei if Ti=1 .o 28
Regime2: Yo =voxoit+ i if Ti=0 .ooviiiiiiiiii. 29

where Y; is the outcome indicator for treated farmer households and Y»; is the outcome
indicator for untreated farmer households, and xi is a vector of exogenous variables. The
outcome variable's error term is in the selection equation (i.e., Eq. 27) and the outcome
equation (i.e., Egs. 28 and 29) the error terms are assumed to have a trivariate normal

distribution with mean zero and covariance matrix (Q2) in the following way:

2

oy O 07

n
Q= 0’1u 0’12

n

2
O - o5

Where 0% = var(w), of = var(1), 05 = (%2), 04, = co(s, €1), 02, = cov(p, &2) Furthermore,
o2 = is estimable up to a scale factor and can be assumed to be equal to 1 (Maddalla,
1983) and cov(ei, €2) is not defined as Y: and Y2 cannot be observed simultaneously.
Moreover, the correlation between the error term of the selection equation and the
outcome equation is not zero (i.e., corr(pi, €1) # 0 and corr(ui, &) # 0) which creates
selection bias. ESR addresses this selection bias by estimating the inverse mills ratios (A
and A;) and the covariance terms (¢, and o) and including them as auxiliary regressors

in Egs. (28) and (29). If o, and ¢, are significant, we reject the absence of selection
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bias. In addition, ¢4, < 0 represents positive selection bias (i.e., households with above-
average food security are more likely to choose to be in the treatment). The ESR model
estimates can then be used to estimate ATT (Average treatment effect on untreated

households) as follows:

E(Y3i|Ti = 1) = 7121 FAi Oqpenevvniiniiiiiiin 30
E(Y2|Ti =0) = y2x2i thai O covvvniiiiiiiiic 31
B(Ya|Ti = 1) = 121 thii O covveineiiii 32
E(Yu|Ti =0) = yaxai PAai 0y covvvvniiniiiiiie 33

Equations (30) and (31) along the diagonal of Table 7 represent the actual expectations
observed in the sample. Equations (32) and (33) describe the counterfactual expected
outcome (33). In addition, we calculate the average treatment of the treated "on
beneficiaries' pupils" on the treated (ATT) as the difference between equations (30) and

(32) following the Heckman et al. (2001),
ATT= E(Y11|Ti = 1)— E(Y21|Ti = 1) = X1i(’Y1-’Y2) + (0’1ll - 0’2p)7u11 .......... 34

which represents the impact of credit, linking farmers to caterers, and linking farmers to
processors on household food security. Similarly, for non-beneficiaries of access to credit,
linking farmers to caterers, and linking farmers to processors on household food security,
we calculate the effect of treatment on the untreated (ATU) as the difference between
equations (33) and (31).
ATU= E(Y4[Ti = 0)- E(Yai|Ti = 0) = x2i(y1-y2) + (1, — @ )hai oo 35

To account for the effects of heterogeneity, beneficiaries of access to credit,
linking farmers to caterers, and linking farmers to processors. For example, beneficiary
farmers may have a higher household food security status than non-beneficiaries, even

though they benefit due to unobservable characteristics such as their skills. We chose to

adapt because of the difference between (a) and (d).

BHi= E(Y4[Ti = 1)- E(Yui[Ti = 0) = (x1i - x2i) i to7, (Mi- i) oo 36
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The difference between equations (34) and (35) is "transitional heterogeneity," or whether
the effect of farmers' access to credit, linking farmers to caterers, and linking farmers to
processors is larger or smaller among beneficiaries or non-beneficiaries in the

counterfactual case that they did benefit (i.e., ATT and ATU).
BH>= E(Y2i|Ti = 1)- E(Y2[Ti = 0) = (x1i - x21) Aai T2 (Mii- A1) ooenne 37

Table 6: Conditional Expectations, Treatment, and Heterogeneity Effects
Decision stage

Sub-samples Beneficiaries Non-beneficiaries Treatment effects
Beneficiaries’ farmers (@ E(Y4Ti=1)  (c) E(Ya|Ti=1) ATT
Non-beneficiaries’ (d) E(Y4i|Ti=0) (b) E(Ya[Ti=0) ATU
farmers

Heterogeneity effects BH; BH> TH

Note:(a) and (b) represent observed expected farmers' access to credit, linking farmers to caterers and
linking farmers to processors ;(c) and (d) represent counterfactual expected farmers' access to credit,
linking farmers to caterers and linking farmers to processors

Ti = 1if farmers beneficiaries; Ai = 0 if farmers are non-beneficiaries.

Y1i: changes in household food security status if farmers are beneficiaries.

Y2i: changes in household food security status if farmers are non-beneficiaries.

ATT: Average effect of the treatment (i.e., beneficiaries) on the treated (i.e., beneficiaries' farmers of
access to credit, linking farmers to caterers and linking farmers to processors);

ATU: the effect of the treatment (i.e., SFP) on the untreated (i.e., non-beneficiaries’ farmers of access to
credit, linking farmers to caterers and linking farmers to processors);

BHi: effect of base heterogeneity for beneficiaries’ farmers (i = 1), and non-beneficiaries’ farmers (i = 2);

TH = (ATT - ATU), i.e., transitional heterogeneity

4.5.2. Sampling technique and data collection for smallholder farmers

For the selection of smallholder farmers, a multi-stage sampling procedure was
used. The first approach entails the purposeful selection (due to accessibility and low risk
of death) of three states in north-eastern Nigeria, namely Adamawa, Bauchi, and Gombe,
which were less vulnerable to the Boko Haram attack and kidnapping. Stage two involved
a random selection of four local government areas from each of the three states, resulting
in a total of 12 local government areas. In stage three, five wards are selected randomly

from the initial selected local government areas to give us 60 wards (a ward: a city or
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borough administrative division that elects and represents a councillor). The fourth stage
involves a random selection of four smallholder farmers in each of the wards to form 240
respondents.

Respondents for the study are HGSF-registered smallholder farmers from across
the study area. A multi-stage sampling procedure was used to select smallholder farmers.
The first approach involves the purposeful selection (due to accessibility and low risk of
death) of three northeastern Nigerian states, namely Adamawa, Bauchi, and Gombe, that
were less vulnerable to Boko Haram attacks and kidnapping. A registered list of
smallholder farmers registered with the program was obtained from the Ministry of
Agriculture in their respective states for selection and contact with farmers. Stage two
involved the selection of four local government areas purposefully from each of the three
states, for a total of 12 local government areas, this is to avoid the attacks and kidnapping
by Boko Haram terrorist. In stage three, five wards are drawn at random (lottery) from
the initial list of local government areas, yielding a total of 60 wards (a ward: a city or
borough administrative division that elects and represents a councilor). In the fourth stage,
we used systematic random sampling to select farmers from the program's registered
participants in each ward. Each ward has between 18 and 25 registered farmers,
depending on the population size. We then use systematic random sampling to select
farmers from the registered list at regular intervals, four smallholder farmers from each
ward were selected to form a total of 240 smallholder farmers.

According to the program's objectives, registered farmers will benefit from credit
access, farmers linked to caterers, and farmers linked to processors. After interviewing
the farmers, we discovered that there was a lack of coordination (see Table 6), so we used
the treatment effect to analyze the effect of each instrument. As a result, farmers who
could access credit were considered treated, while those who could not access the credit
were considered untreated. A similar methodology was used for farmers who were linked

to caterers and farmers who were linked to processors.
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Table 7: Sample Selection for smallholder farmers

State LGAs Wards Smallholder farmers Sample size
Adamawa  Yola north 5 Wards 4 Farmers X 5 Wards 20 Farmers
Demsa 5 " 4 x5 " 20 "
Numan 5 4 x5 " 20 "
Mayo -Belwa 5 " 4 x5 7 20 "
Bauchi Alkaleri 5 " 4 x5 " 20 "
Bauchi 5 4 x5 " 20 "
Dass 5 " 4 x5 " 20 "
Katagum 5 4 x5 7 20 "
Gombe Akko 5 4 x5 " 20 "
Billiri 5 4 x5 " 20 "
Gombe 5 4 x5 " 20 "
Bajoga 5 4 x5 7 20 "
Total 12 LGAs 60 wards 240 "

LGA — Local governmental area
4.4.3. The questionnaire design

The study questionnaire was based on a literature review and was explicitly
designed for smallholder farmers and was divided into four sections. Section one includes
information on farmers' socio-economics variables such as (age, years of farming
experience, level of education, marital status and household size). The second section
contains information on the benefits of farmers' engagement in HGSF such as (access to
credit, farmers’ link to caterers and farmers’ link to processors). The third section includes
information on institutional factors affecting smallholder farmers' food security status,
such as (access to extension services, access to market information, membership in the
cooperative society and access to input subsidy). The fourth section of the questionnaire
deals with food security measurement using the food consumption score (FCS) indicator,

a seven-days recall period of the food consumed by the household.

4.5.3. Sample description for smallholder farmers

Table 8 displays the variables that were imported into the probit regression
models, with the food consumption score of smallholder farmers used as the dependent
variable. A majority (67.1%) of the respondents were male with a mean age of 42.09,
with 88.8% of the respondents married and having on average 17.67 years of farming

experience. The result indicated that 35% of the smallholder farmers obtained a secondary
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education and about 31% of the farmers did not have formal education. The results,
furthermore, revealed that 45.4 % of the farmers’ access funding under the school feeding
program for farmers to production, 36 (15%) of the farmers are linked to caterers,
implying that they have been selling the product to caterers, and 12 (5.0 %) of the farmers
are linked to processors, suggesting that they have been selling some of their produce
direct to processors. Furthermore, the results revealed that 43 (17.9%) had access to
extension service delivery, 84 (35.0%) had access to input subsidy, 102 (42.5%) had

access to market information, and 52 (22.5%) were members of a cooperative group.
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Table 6: Description of variables in probit regression model (n = 240)

Variables Description and measurement

Frequency (%)
(Yes)

Dependent variable

Food security indicators
Food consumption score 0 = poor and borderline (up to 35), 1 =
acceptable (>35)

NA NA

Independent Variables

Household head characteristics
Age Age of household head (years) Mean = 42.09 (8.48)
Gender Male= 1, Female = 0 161 67.1
Marital status Married = 1, unmarried = 0 213 88.8
Years of Farming Farming experience in years Mean=17.67 (8.91)
experience

Educational qualification = Quranic Edu. = 1, primary = 2, secondary = 3,
NCE =4, graduate = 5, postgraduate = 6

Mean = 2.83

Household characteristics

Household size The household size in numbers

Mean = 7.94 (3.88)

Homegrown school feeding program instruments

Access to HGSF credit Yes=1No=0 109 454
(Fund)
Farmers linked to caterers Yes=1No=0 36 15.0
Farmers linked to Yes=1No=0 12 5.0
processor
Households with children Yes=1No=0 146 60.8
benefiting from HGSF

Institutional variables
Access to extension Yes=1No=0 43 17.9
services
Access to input subsidy Yes=1No=0 84 35.0
Access to market Yes=1No=0 102 42.5
information
Member of cooperative Yes=1No=0 52 22.5
society

NCE: National Certificate of Education
SFP: School Feeding Program
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4.6. Sampling techniques and analytical tools for assessing factors
influencing food safety knowledge, attitude and practices of food

vendors

4.6.1. Sampling technique for selecting food vendors

A multi-stage sampling procedure was used to choose the food vendors. In the
first stage, three states from six in north-eastern Nigeria were selected purposively:
Adamawa, Bauchi, and Gombe due to their less vulnerability to Boko Haram terrorist
attacks. A registered list of food vendors registered with the program was obtained from
the Federal Ministry of Humanitarian Affairs, Disaster Management and Social
Development, (FMHDS) in their respective states for selection and contact with tired food
vendors. Stage two involved a purposive selection of four local government areas from
each of the selected three states to avoid local government areas where kidnappings and
banditry attacks were rampant. In the third stage, five wards were selected randomly from
the initial list of local government areas. The fourth stage involved a systematic random
sampling of four registered food vendors under the program from each of the wards to

create 240 respondents.

The researcher and trained enumerators conducted face-to-face pen and paper interviews
to collect data. Most of the interviews were conducted in Hausa (the study area's native
language) and were translated into English on the spot. Data were collected from
December 2020 to February 2021 with a 100% response rate. A pilot survey was
conducted with 24 food vendors in the study sites before the survey, as 10% of the study
sample size is recommended (Hertzog, 2008). The questionnaire was adapted

accordingly.

4.6.2. Questionnaire design

The questionnaire for the study was developed based on the KAP model
(knowledge, attitudes, and practices). The food safety KAP questionnaire was based on
the World Health Organization's "Five keys to safer food" (Luo et al., 2019; Baser et al.,
2017; Dehghan et al., 2017; Ferk et al. 2016; Green and Knechtges, 2015) combined with
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the socio-demographic characteristics of food vendors such as gender, age, school

education level, household size, years of experience, and income.

Twelve items were used to assess food safety knowledge. Each item was scored 1
if the answer was correct and 0 if the answer was incorrect or "I don't know." The total
score ranged from 0 to 12, with a high score indicating a high level of knowledge on the
topic (see table 9). Questions were adapted from previous studies (Luo et al., 2019; Baser

et al., 2017; Madaki and Bavorova, 2021; Osailiet al., 2018).

Table 7: Questions the food handlers were asked on food safety knowledge.

List of questions

1. Food can be a source of disease infection?

Food from unhygienic and unclean sources might harbor the disease-causing
organism?

Using expired food can't cause health disorders?

Some foodborne diseases/contamination can't cause death?

Unaccredited, off-brand and bulk products should not be purchased?

Humans can't be infected by unhygienic foodstuff?

Microorganisms are not frequently found in hand?

After touching raw foodstuft, touching cooked food without cleaning your hand
causes the transfer of microorganisms?

9. The internal temperature of the refrigerator should be less than 5 degrees Celsius?
10. Leftover food should be stored in the refrigerator within two hours?

11. The taste of food should be checked with a different spoon?

12. Frequently used rags and laundry should not be kept out of the kitchen?

N

e A

Eight items were used to assess food handlers' attitudes toward food safety. Each
item had five levels, with a score ranging from 1 to 5, indicating "Strongly disagree" to
"Strongly agree," respectively. The total score ranged from 8 to 40, with a higher score
indicating greater concern about food safety (see Table 10). Questions were adapted from

previous studies (Osailiet et al., 2018; Madaki and Bavorova, 2021; Luo et al., 2019)
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Table 8: Questions food vendors were asked on food safety attitude.

List of questions

L.
2.
3.

4.

Safe food handling is an important part of my job?
Learning more about food safety is important to me?

I believe that how I handle food relates to food safety?
Raw food should be kept separate from cooked food?

Using masks, protective gloves, caps and adequate clothing reduces the risk of food
contamination?

Improper storage of food may be hazardous to health?
Sick staff should not be involved in food handling and food services?

Staff with cut or open wounds on fingers or hands should not touch unwrapped food?

Nine items were used to evaluate food safety practices. Participants were asked to

rate the frequency of use of these practices as follows: 1 = never, 2 = rarely, 3 =

sometimes, 4 = often, and 5 = always. These items' total scores ranged from 9 to 45, with

a high score indicating good food safety practices (see table 11). Questions were adapted

from previous studies (Osailiet al., 2018; Madaki and Bavorova, 2021; Luo et al., 2019).

Table 9: Questions food handlers were asked on food safety practices.

List of questions

L.
2.
3.

L © N ok

I pay concerned about hygienic sources of foodstuft

I frequent you avoid buying expired foodstuff

I use gloves when touching or distributing unwrapped food

I wash my hands before using gloves

I use protective clothing when touching or distributing of unwrapped foods
I use a mask when touching or distribution of unwrapped food

I do dispose food when the taste is change

I do sterilize my utensils before use

I do dispose food when it developed some odor
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4.6.3 Analytical tools for assessing factors influencing vendors safety KAP

Linear regression models were used to analyse factors influencing vendors'
knowledge, attitudes, and practices in food safety. Description of variables selected for
the model as expected to influence the food safety knowledge, attitude and practices are
presented in Table 13. The association between the respondents' knowledge, attitudes,
and practices was tested using Spearman's correlation coefficient. STATA 14 was used

to analyse the data.

Linear Regression

Models specification:

Y=botb1 Xi+baXot+ ... +buXnte... ..o (39)

Y=Dependent variables (food safety knowledge (model 1), food safety attitude (model
2), and food handling practice (model 3), bo-bn= Regression coefficients

X1-Xn= Independent variables (Age, gender, marital status, household size, years of
experience, and level of education and food safety knowledge information source)

e=Error term

The model was tested for multi-collinearity using correlation, coefficients of tolerance,
and a variance inflation factor (VIF), which indicated that the variables were independent.

The Durbin-Wu-Hausman test did not reveal any effect of potential endogeneity.

4.6.4. Sample description for food vendors

Table 12 reveals that the majority (88.75%) of the food vendors are female in the
study area. Furthermore, the results revealed that most (75.4 %) vendors are under 40
years old. Majority (70.41%) of the vendors have 5-10 persons in their household. The
result revealed that 25.42% of the vendors had qur'anic education, 25% had primary
education and 38.75% had secondary school education. Our study findings revealed that
38.33% of the food vendors have 5-10 years of vending experience. The findings revealed
that the majority (75.42%) of the vendors earn 5000-10000, equivalent to ($13-25) food

vending income. About 70% of the vendors do not have food handling training. This is
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consistent with Madaki and Bavorova (2019) study conducted in Nigeria, which reported
that the majority of food vendors lack food handling training. Poor food handling training
implies that vendors will lack modern and advanced skills in food safety practices. A
majority (78.75%) had no medical certificate before engaging in the food vendor
business. This implies that the majority of the vendors do not understand the need for a
medical certificate before establishing a food vendor business. This is in line with
Abeokuta (2021) reporting that most food vendors in Nigeria do not have a medical

certificate and that it should be required to help improve food hygiene.

Table 10: Socio-economic characteristics of food vendors (N = 240)

Variables Items Frequency Percentages
Gender Male 27 11.25
Female 213 88.75
Age (in years) <30 77 32.09
30-40 104 43.31
41-50 40 18.34
> 50 15 6.26
Marital status Single 52 21.67
Married 167 69.58
Divorced 19 7.92
Widow 2 0.83
Household size <5 28 11.67
5-10 169 70.41
>10 43 17.92
Educational level Quranic education 61 25.42
Primary school 60 25.00
Secondary school 93 38.75
Diploma 26 10.83
Years of experience <5 48 20.00
5-10 92 38.33
11-15 38 15.84
16-20 34 14.16
>20 28 11.67
Food vending profit/month <5000 21 8.75
(Naira)
5000-10000 181 75.42
11000-15000 30 12.5
>15000 8 3.33
Food handling training Yes 73 30.42
No 167 69.58
Medical certificate Yes 51 21.25
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No

189

78.75

1 USD =411 Naira (Nigerian currency)

Table 11: Description imported into the multiple linear regression model (N = 240)

Variables Description Mean Std. Min Max
Dev.

Dependent variables

Food safety knowledge Food safety 8.82 1.96 2 12
knowledge score

Food safety attitude Food safety attitude  34.51 7.21 8 40
score

Food safety practice Food safety practice 33.04 7.37 9 45
score

Socio-demographic characteristics

Age Number of years 35.20 8.68 20 58

Gender 0O=Femaleand 1= 0.04 0.20 0 1
Male

Household size Number of people 7.60 348 1 27
in the house

Food vending Years in food 10.90 7.29 1 30

experience vending business

Education qualification Years of education  7.70 5.27 0 15

Food vending profit Amount of profit 8031.25 3378.20 2000 20000
made (Naira) ?

Food handling training Yes =1 No =0 0.30 0.46 0 1

Food safety information sources

Radio source Yes =1 No=0 0.78 0.42 0 1

Television source Yes =1 No=0 0.61 0.50 0 2

Food inspection Yes =1 No=0 0.32 0.47 0 1

institution

Social media Yes=1No=0 0.10 0.31 0 1

Friend & colleagues Yes =1 No=0 0.10 0.31 0 1

Internet Yes=1No=0 0.21 0.41 0 1

4 NB: 1 USD =410 Naira (Nigerian currency) on 22/01/2021
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Table 12: Research design

Indicator/Respondents Teachers Pupils Smallholder Food
farmers vendors
Target group Teachersin  Beneficiaries Smallholder Vendors
schools the and non- farmers linked  cooking food
benefiting beneficiaries’ to caterers for pupils
SFP pupils of SFP under the SFP  benefiting
the SFP
Period of survey November November 2020  December December
2020 — — February 2021 2020 — 2020 —
February February 2021  February
2021 2021

Type of data

Cross-sectional data

Sampling procedure

Sample size

Multi-stage
sampling
technique

180 teachers
(60 primary
schools)

Multi-stage
sampling
technique &
Systematic
random
sampling
780 (600
beneficiaries
and 180 non-
beneficiaries)

Multi-stage
sampling
technique

240
smallholder
farmers

Multi-stage
sampling
technique

240 food
vendors

Data collection
instrument

Face-to-face interview & structured questionnaire administration
using kobotoolbox web application

Econometric approach

Linear
regression
model

Linear
regression,

PSM, IPWRA
and ESR models

Linear
regression,
PSM, IPWRA
and ESR
models

Linear
regression
and
correlation
analysis

SFP: School feeding programme,
PSM: Propensity score matching.
IPWRA: Inverse Probability Weighted Adjusted Regression
ESR: Endogenous switching regression.
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5. Country background

5.1.1. Food security in Nigeria

Food security refers to a situation in which all people have physical, social, and
economic access to enough safe and nutritious food at all times in order to live a healthy
and active life (FAO, 2012). About 29% of Nigerian households consume insufficient
amounts of food (food insecurity) (IPC, 2022). Rural households in Nigeria are
particularly vulnerable to food insecurity due to a number of factors, including lack of
storage facilities, poor access to market, conflict and credit access among others. But one
of the main ones is not having enough money and managing losses during and after

harvest (Odemenem and Obinne 2010; Chikaire et al., 2015).

Credit support for smallholder farmer households may be used as a tool in policy to
reduce food insecurity. Credit enables low-income households to make investments and
income-generating activities that enhance their standard of living (ljaiya and
Abdulraheem, 2000). The government has made efforts to provide credit services to rural
households through a variety of programs (Ugbajah and Ug-wumba, 2013), one of which
is the creation of HGSF (NHGSFP, 2016). More than 85% of the food consumed by poor
households in rural areas of developing nations like Nigeria comes from farms, and post-
harvest food losses contribute to the inability to obtain food throughout the year. As a
result, food insecurity is brought on by the year-round lack of food supply and this call
for establishing processing industries to cut losses experienced by farmers (Bolarin and

Bosa, 2015).

Food security in Nigeria is worst in the northern part of the country with more than
60% of the household that are food insecure are found in Northern part of the country
(IPC, 2022). Comparing the food insecurity to the last year 2021, there has been an
increase of two percentage points. In terms of food consumption, coping strategies, and
non-financial poverty, the northeast and northwest states exhibit noticeably higher levels
of deprivation and vulnerability. During the lean season of 2022 in Nigeria, 19.5 million
people are expected to experience crisis-level or worse acute food insecurity, of which

1.2 million will experience food insecurity that is life-threatening. Acute food insecurity
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levels are likely to increase due to the likelihood of regionally below-average harvests,
high food, fuel, and fertilizer prices, macroeconomic challenges, and insecurity (WFP and
FAO, 2022). In the Northeast, the harvest is helping to improve food security and is
expected to be better than last year, but still lower than pre-crisis levels because conflict
and insecurity continue to impede full participation in agricultural activities. Food prices
in the Northeast remain high, and income-generating opportunities are frequently
disrupted by insecurity. Many poor households are in crisis because they have minor to
moderate food consumption gaps or are engaging in negative coping to meet their food

needs (IPC, 2022).
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Figure 6: Percentage of household insufficient food consumption level (food

insecurity)

Source: WFP and FAO, (2022)

5.1.2. Prevalence of stunting among children in Nigeria

Stunting is measured using the height-for-age index, this is defined as a measure of
linear growth retardation and cumulative growth deficits. The prevalence of stunting

varies greatly by region. The proportion of stunted children is highest in the Northwest
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(57%) and lowest in the Southeast (18%). Stunting is most common in Kebbi (66%) and
least common in Anambra (14%). The proportion of wasted children is roughly twice as
high in the Northeast (10%) and Northwest (9%) as in the other zones (4% -6 %). Children
in rural areas are nearly twice as likely to be stunted, wasted, or underweight (45 %, 8 %,
and 27 %, respectively) than those in urban areas (27 %, 5%, and 15 percent, respectively)
(NPC and ICF, 2019). Due to interventions by Nigeria federal government and other
international organisation in the Northeast Nigeria the situation of poor height-for-age in
children is improving but getting worst in the northwest due to migration of the Boko

haram terrorist from the northeast to the Northwest Nigeria (Abayomi, 2018).
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Figure 7: Prevalence of stunting among under-fives children in Nigeria

Source: National Population Commission (NPC) [Nigeria] and ICF (2019).

5.1.3. The state of pupils’ school enrolment in Nigeria

The trends of enrolment rate in Nigeria differ in time and according to regions and
social groups. As 0f 2018, the gross enrolment rate for elementary schools in Nigeria was
68.3%. The highest percentages were found in the North-Western states, with boys
accounting for 70.3 % and girls accounting for 71.1 %. The Northeast Nigeria has the
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pupils school enrolment in Nigeria with 59.7% boys and 70% for the girl’s child
counterpart (see figure 3). The least leading states in primary school enrolment for girls
in Nigeria are Bauchi, Gombe and Zamfara state with 46%, 45.2% and 33.5%
respectively. The worst inequality in gender pupils school enrolment in Nigeria is found
in Zamfara state with boy’s child enrolment rate (64.5%) and lowest rates (33.5%) of girl
child enrolment. In contrast to the gross enrolment rate, which tracks enrolment rates for
pupils of any age, the net enrolment rate only includes pupils who are the legal age for

that educational level (World Bank, [IEP-UNESCO, 2021; NBS, 2020).
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Figure 8: percentage of gross pupil’s primary school enrolment rate by zones and
gender

Source: National Bureau of statistics, 2021

5.1.3.1. Out of school children

Despite recent improvements in the number of students enrolled in school as a result
of the school feeding program intervention, Nigeria has the highest number of out-of-
school children among