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Agriculture has long been seen as a potentially potent lever to improve nutrition, but 

interventions have had limited success. One of the reasons may be that the ability of 

caregivers to uptake new agricultural and nutrition related behaviors has been absent 

from the theories of change that guide intervention design. The broad goal of this 

dissertation was to explore the role of caregiver capabilities in mediating the 

performance of a nutrition-sensitive agricultural intervention in rural Zambia.  

Specifically, we aimed to 1) evaluate the impact of Realigning Agriculture to Improve 

Nutrition (RAIN), a nutrition- and gender-sensitive home-garden intervention, on 

maternal self-efficacy in complementary feeding (CF), 2) assess social support from a 

spouse and household food security as mediators of intervention impact and 3) explore 

the roles of maternal knowledge and self-efficacy in CF as predictors of child diet 

diversity in the context of this resource-enhancing intervention.  

We used cross-sectional survey data from the 2014 mid-line evaluation of the RAIN 

cluster-randomized trial, which consisted of three arms: an agriculture arm, an 

agriculture and nutrition education arm, and a control arm. The survey interviewed 795 

mothers with children 6-24 months of age.  

 



 
 

Using linear regression and structural equation modelling to address the first two 

aims, we found a positive and significant impact of the agricultural treatment arm on 

maternal self-efficacy in CF that was mediated by gains in both food security and social 

support form a spouse. The results of our third aim confirmed that the triad of 

knowledge, self-efficacy in CF and resources for feeding was necessary to observe 

improvements in child diet diversity. We observed no further improvement in self-

efficacy in CF or child diet diversity among women who received nutrition education, 

due in part to the difficulty of leveraging health workers to deliver nutrition education 

within the context of this agricultural intervention.   

This work underlines the need for agricultural programs aiming to improve child 

nutrition to recognize the importance of women’s self-efficacy for CF, as well as the 

material and social environments that shape women’s perceptions of their abilities and 

actions.  
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CHAPTER 1: 

INTRODUCTION: AGRICULTURE, NUTRITION AND CARE 

1.1 Introduction 

Undernutrition is one of the most important and pervasive public health issues facing 

the world. The  Food and Agriculture Organization (FAO) estimates that today 793 

million people are hungry (FAO 2015). Globally, one in four children is stunted, with 

prevalence as high as one in three in Sub-Saharan Africa (de Onis, Blössner, and 

Borghi 2012). Undernutrition is responsible for 3.1 million child deaths – a staggering 

45% of all child deaths (M. T. Ruel and Alderman 2013).  

Children are at particular risk of developing deficiencies due to the increased 

requirements of growth. Adequate status is a function of both macronutrient (protein and 

energy) and micronutrient consumption. The first 1,000 days of life, from conception to 

the child’s second birthday, are a critical period for the growth, development and health 

of the child. Pregnancy and lactation impose additional nutritional requirements on 

women, which put both women and their children at risk of undernutrition.  Intrauterine 

growth retardation and low birth weight are associated with increased infant mortality, 

morbidity, and growth (Wilcox and Russell 1983; Lira, Ashworth, and Morris 1998). 

Chronic undernutrition during the 1,000 days is irreversible after the child’s second 

birthday and is responsible for the high prevalence of stunting. Micronutrient 

deficiencies that occur during this sensitive time can adversely affect cognitive 

development (M. M. Black 2003) and linear growth (Rivera et al. 2003). As specified by 

the United Nations International Children’s Emergency Fund (UNICEF) conceptual 

framework (UNICEF 1990), and updated more recently (M. Ruel and Alderman 2013) 
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child undernutrition is a result of poor water, sanitation, hygiene and health care,  poor 

care and feeding practices and limited or unreliable access to nutritious foods to satisfy 

the energy, macronutrient and micronutrients needs . 

Agriculture produces the vast majority of foods that sustain human communities and 

as such is inherently and inextricably linked to nutrition. Well over two thirds (70%) of 

the world’s rural poor depend on agriculture for both food security and income (World 

Bank 2008). In sub-Saharan Africa, smallholder farmers who cultivate on less than two 

acres of land account for 80% of all farms, and in some countries up to 90% of 

production (Wiggins 2009). While smallholders tend to be net buyers of food, many rely 

substantially on their own production for subsistence (de Janvry and Sadoulet 2011). 

The foods produced and the income generated from sales are key determinants of 

poverty and nutrition. Given these linkages, the potential for agriculture to positively 

impact nutrition is tremendous.  

To explore this, we guide our discussion through four major themes.  First, we 

examine the historical context of agriculture and nutrition. Second, we present the 

conceptual pathways through which agriculture can impact nutrition, including caregiver 

behaviors. Third, we discuss the impact of agriculture on nutrition to date and some of 

the gaps in the evidence base. Fourth, we discuss resources for care and self-efficacy 

as they relate to the child undernutrition and the uptake of nutrition interventions. We 

close with an integration of themes and reflection on resources for care. We specifically 

focus on self-efficacy for complementary feeding as a gap in our current theoretical 

understanding of how nutrition-sensitive agricultural interventions can impact nutrition.   
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1.2 Agriculture and nutrition: a historical perspective   

1.2.1 Productivity paradigms: Successes and Shortcomings  

Historically, agricultural development has operated under the paradigm of increasing 

productivity and especially the production of cereals. In economies where the majority of 

the population is employed by agriculture, agricultural growth is a major lever to reduce 

poverty and improve the livelihoods and nutrition of the rural poor. The underlying 

assumption is that gains in income and reductions in poverty would have positive 

downstream effects on nutrition. At scale, growth of the agricultural sector can spur 

macroeconomic growth and increase levels of national income. Provided that growth is 

pro-poor and engages the labor of smallholders this can lead to widespread reductions 

in poverty (Janvry and Sadoulet 2009). Increases in productivity can also contribute to 

reductions in food prices. Even in subsistence settings of low market orientation, 

smallholder farmers tend to be net buyers of food and benefit from price drops. Both of 

these pathways have the potential to improve nutrition through income.  

The Green Revolution of the 1960s and 1970s, for instance, had widespread 

impacts on global poverty and undernutrition. In anticipation of global food shortages, 

the development and dissemination of high yielding varieties of staple crops doubled the 

global cereal production. This saved many lives in Asia and pulled countless farmers 

out of poverty (Hazell 2009; Pingali 2012). In areas where the revolution was 

successful, decreases in real food prices increased the purchasing power of poorer 

households allowing them to increase and diversity their intakes (Pinstrup-Andersen & 

Hazell, 1985; von Braun, 1988). In the most successful countries, supportive policies 



4 
 

invested in infrastructure and developed non-farm sector opportunities which propelled 

many Asian economies into the growth apparent today (Hazell 2009).  

However, it has since become apparent that the poverty reduction pathway of 

agriculture alone does not deliver the expected reductions in malnutrition. Areas with 

marginal lands, limited irrigation infrastructure and policies that did not support 

smallholder access to chemical inputs were unable to reap the benefits of the Green 

Revolution. This includes large parts of sub-Saharan Africa. Globally, levels of 

malnutrition remained high in the era following the Revolution and persist to this day. 

Gains in per capita income from agriculture have only loosely translated to 

improvements in undernutrition (Haddad et al. 2003; M. T. Ruel and Alderman 2013). 

While it varies by country and type of growth, globally a 10% increase in gross national 

product (a large increase at a global level) translates to a modest 7% in undernutrition 

and 6% reduction in stunting (M. Ruel and Alderman 2013). The worlds has observed 

increased consumption and cultivation of staples at the expense of micronutrient rich 

pulses and vegetables (Ryan, J.G., Asokan 1977; Gomez et al. 2013), which did not 

benefit from the same investments in research and development as did the staples of 

the Green Revolution (IFPRI 2012; Pingali 2012). There has been an in increase in the 

prevalence of overweight and obesity, in developed and developing contexts alike, while 

undernutrition persists, and rates of stunting and micronutrient deficiencies continue to 

rise (Gomez et al. 2013). The triple burden of malnutrition, the co-occurrence of 

overweight, stunting and micronutrient deficiencies, has become a worldwide affliction. 
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1.2.2 A shift in thinking 

As early as the 1970s, some recognized the disconnect between agriculture and 

nutrition and called the global community to action (Scrimshaw and Behar 1977; FAO 

1982; Pinstrup-Andersen 1981). In 1984, the International Food Policy Research 

Institute (IFRPI) in collaboration with the United Nations Committee on Coordination on 

Nutrition, published a book from the proceedings of an international meeting outlining 

research priorities and steps for incorporating nutrition goals into agricultural research 

(Pinstrup-Andersen 1984). The report recognized the importance of agricultural growth 

for poverty reduction, but also called for the need to better understand pathways, other 

than macro-economic growth, through which agriculture might more directly impact 

nutrition and behaviors.  It became clear that for agriculture to impact undernutrition, 

efforts would have to explicitly aim to address the underlying causes of malnutrition. 

Operationalizing this integration in research and development efforts was slow. 

Effectively coordinating the inputs and capacity across deeply siloed sectors proved 

difficult and historical efforts for multisector coordination institutions were fraught with 

difficulties. In the past decade, however, the momentum has increased.  

In 2009, the United States Agency for International Development (USAID) launched 

the Feed the Future Initiative with the aim of leveraging agriculture to improve nutrition 

in the world’s most vulnerable populations (Ho and Hanrahan 2011). In 2011 IFPRI, a 

major global leader in research and agenda setting, created a research program 

dedicated to understanding the linkages between agriculture and health (IFPRI 2011a). 

Harvest Plus, an organization dedicated exclusively to the bio-fortification of crops with 

essential micronutrients has been in operation since 2004. The movement to integrate 
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agriculture and nutrition culminated in 2015 when the United Nations member states  

ratified the Sustainable Development Goals, which couple agriculture and nutrition 

objectives under Objective 2 (United Nations General Assembly 2015). This is a 

noticeable change from the Millennium Development Goals, which coupled economic 

and agricultural growth to eradicate hunger. It is now widely recognized that the theory 

positing that increases in income and calories alone would be sufficient to improve 

nutrition is flawed because it does not address the underlying causes of malnutrition, 

most notably the dimension of diet quality, and household dynamics that govern the 

allocation of various resources—especially to vulnerable children and women. This 

represents a shift in paradigm for agriculture and nutrition towards more nutrition-

sensitive agriculture.  

1.3 Pathways from Agriculture to Nutrition 

Many researchers have outlined pathways through which agriculture can impact 

nutrition (Yosef et al. 2015; World Bank 2008; Webb 2014; A. Herforth 2012). There is 

consensus around five broad pathways summarized below. These have been described 

as 1) macroeconomic growth, 2) reduction in real food prices 3) gains in income from 

the sale of commercialized goods, 4) direct change in the foods produced and 

consumed in areas with low market orientation and 5) empowerment of women.  

The previous section discussed the potential for large scale growth in the agricultural 

sector to decrease real food prices and spur macro-economic growth above. Increased 

income for nutritious foods, access to better health services and education that 

accompany this growth may contribute to improved nutrition, contingent on household 
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behaviors. Below is a discussion of the latter three pathways that are relevant at 

community and household levels.  

First, changes in agricultural production at a household level can directly improve the 

amount and diversity of foods available for consumption. This is most salient in contexts 

where market orientation is low and household food production contributes significantly 

to household diets. Improvements in the amounts and diversity of foods produced can 

have positive impacts on women and children’s nutrition – those at greatest risk of 

undernutrition – provided intra-household allocation of resources is equitable.   

Second, gains in productivity or value addition can contribute to increased 

household income through the sale of agricultural commodities, which can in turn 

contribute to food and non-food expenditures. Investments in health can contribute to 

better nutrition by interrupting the vicious cycle of malnutrition and infection. Additional 

income can be allocated towards the purchase of nutrient rich foods and improve 

household diets. However, as mentioned earlier, gains in income only loosely translate 

to improvements in nutrition (Haddad et al. 2003). Expenditure behaviors and 

investments in nutrition are highly dependent on the intra-household allocation of 

income and decision-making power of various household members. Income in the 

hands of women is more readily invested in education, food and health care for children 

than income in the hands of men (Smith et al. 2003; Hoddinott and Haddad 1995). As 

discussed in the above two points, the impact of agricultural gains on nutrition depends 

heavily on household behaviors, and in part explains why the status of women is such a 

prominent part of the pathways linking agriculture to nutrition.   
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Finally, women’s “empowerment” is intimately linked to agriculture’s impact on 

nutrition, and child nutrition more specifically1. Studies in Asia, Sub-Saharan Africa and 

Latin America have consistently shown that greater decision-making power and income 

among women is associated with better nutrition outcomes, notably child diet diversity 

and height-for-age Z scores (Smith et al. 2003; Bhagowalia et al. 2012). Agricultural 

growth that benefits women and their control over income has the potential to drastically 

improve the gains of agriculture to child nutrition. In many parts of the world, women are 

the primary caregivers of children, responsible for feeding and meal preparation. In sub-

Saharan Africa, women also provide an astonishing 70% of agricultural labor (FAO 

2011). Agricultural innovations that save labor can have positive effects on women’s 

time, a major barrier to child feeding (Jones et al. 2012). There is consensus that the 

status of women is a key determinant of nutrition outcomes and should be a prominent 

part of agricultural programs and policies aimed at improving nutrition (M. T. Ruel and 

Alderman 2013; Gates 2014).    

1.4 The evidence base: understanding the gaps  

1.4.1 A summary of the literature  

Despite the clear potential for agriculture to improve nutrition, there has been limited 

evidence of the impacts of agricultural interventions on nutrition outcomes (Masset, 

Haddad, and Cornelius 2012; Berti, Krasevec, and FitzGerald 2004; M. T. Ruel and 

Alderman 2013; Girard et al. 2012; World Bank 2008).  

                                                           
1 The term “empowerment” has been defined and operationalized a number of ways. A widely adopted definition 
provided by Kabeer is “the process by which those who have been denied the ability to make strategic choices 
acquire such an ability.” See Alsop, 2006 and Ibrahim, 2007 for further discussion (Ibrahim and Alkire 2007; Alsop, 
Bertelsen, and Holland 2006). 
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In a systematic review of 23 articles, Masset et al. found no evidence of impact on 

stunting, wasting and underweight among children (2012). This is supported by many 

other reviews, which concluded that agricultural interventions did not consistently 

translate to improvements in nutrition, with the exception of vitamin A (M. T. Ruel and 

Alderman 2013). Bioforitication strategies designed to increase vitamin A content have 

had positive impacts on the consumption of vitamin A rich foods and serum retinol, 

particularly through the promotion of orange flesh sweet potato (Jan et al. 2007; Hotz, 

Loechl, Lubowa, Tumwine, Ndeezi, Nandutu Masawi, et al. 2012; Hotz, Loechl, Lubowa, 

Tumwine, Ndeezi, Masawi, et al. 2012).   

Consensus from these reviews is that the greatest gains to dietary outcomes 

occurred when nutrition was specified as an explicit goal of the intervention. In this 

regard, home-gardens have shown great promise to improve the overall quality of diets. 

Introduced at scale in the 1980s by Helen Keller International, these promote the year-

round cultivation of micronutrient rich foods and have been expanded to include small 

animal husbandry (Spielman and Padya-Lorch 2009). These interventions have shown 

improvements in maternal and child diets, but no anthropometric impacts with the 

exception of one recent study that demonstrated reductions in maternal underweight 

and child wasting (D. K. Olney et al. 2016; D. K. Olney et al. 2015)(M. T. Ruel and 

Alderman 2013). 

1.4.2. Flaws in the evidence base 

The absence of evidence, however is not the absence of impact. Four major flaws in 

the literature that contribute to the paucity of evidence are discussed below.   
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First, the quality of the evidence is poor due to methodological flaws in many of the 

studies evaluating agricultural interventions (M. T. Ruel 2001; Berti, Krasevec, and 

FitzGerald 2004; Webb 2014). Study designs without counterfactuals, small sample 

sizes and inappropriate measures of effect have limited our ability to make causal 

inferences.  

Second, there has been limited empirical measurement of intermediary measures of 

effects along the intervention’s impact pathway. The majority of evaluations have opted 

for pre-post designs as the sole measure for assessing program impacts on distal 

measures of effect (e.g. stunting) that are difficult to influence and conditional on a 

number factors outside of the diet (Berti, Krasevec, and FitzGerald 2004). While this 

type of evaluation is key to evaluate impact, when interventions fail it provides no 

insights into where the failure occurred and why. For instance it is possible that the 

implementation of an interventions is hindered such that impact is not discernable. The 

failure here is not attributable to a failure of theory but of implementation. This is a 

necessary insight to understand how to most effectively leverage agriculture and the 

complementary strategies needed. Of the 42 studies reviewed in the most recent review 

of ag-nut interventions, less than half measured intermediary effects such as 

implementation, caregiver practices, anti-nutrient and infection (Fiorella et al. 2016).  

Empirical evidence of the links in the pathway utilizing more upstream outcome 

measures are needed to shed light on the shortcomings of nutrition sensitive agriculture 

thus far. 

Third, there may be a failure of interventions to fully address the underlying causes 

of malnutrition reflected in our current frameworks, which include care and 
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environmental factors in addition to food access. Interventions that focus on one of 

these domains, but fail to address problems in the other domains, may have little or no 

detectable impact. The possible gains from agriculture can be undermined if the 

underlying anti-nutrients, such as mycotoxins or phytates, or infections are 

unaddressed. Similarly, interventions that fail to account for intervention effect on care 

practices or the basic nutritional knowledge of caregivers are unlikely to be successful. 

In a review of 23 intervention, Berti et al. identify only nine that invested in causes of 

undernutrition other than access to foods (2007).   

Finally, the absence of impact may be due an incomplete or incorrect theory of 

change fundamental to our understanding of the linkages. The importance of care 

practices is acknowledged by The UNICEF framework and has been embraced by the 

global development community. However, the capabilities of the caregiver to take on 

these behaviors has been largely absent from the discussion of nutrition-specific 

interventions and entirely absent from that of nutrition-sensitive interventions. Our 

current predominant theories of change rest on the assumption that caregivers are 

equally and well equipped to take on the demands of care, provided food is available. 

However, this may in fact, not be the case. Care and caregiver capabilities are explored 

in more depth in the next section.  

1.5 Caregiver Capabilities and Self-Efficacy  

1.5.1 Caregiver Capabilities 

Care for children refers to a set of behaviors, including breastfeeding, 

complementary feeding, and psychomotor stimulation that ensure the proper 
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development of the child. Complementary feeding is an important but difficult time. It is 

the period during which babies transition from diets of exclusive breastmilk to also 

include solid foods. It is the time that children are most vulnerable to growth faltering 

and it spans over the larger period of the critical 1000 days. World Health Organization 

(WHO) guidelines for complementary feeding recommend complementary feeding to be 

timely, hygienic, diversified, of appropriate consistency and responsive.  The safety and 

adequacy of these foods depend in large part on the practices of the caregiver.  

Ten yean years after the UNICEF framework introduced care, Engle et al. expanded 

on the framework to describe resource that caregivers need to provide care (Figure 

1.1). It is important to note that caregivers are not exclusively women or mothers, 

however women are primary caregivers in many contexts. As such, caregiver resources 

are intimately linked to maternal resources for care. As described by Engle et al., these 

include mental and physical health, autonomy, knowledge, social support, time and self-

efficacy (Engle, Menon, and Haddad 1997). Since the time of Engle et al,’s publication, 

the discussion around caregiver resources has stalled. The Caregiver Capabilities 

Working Group at Cornell University, led by Rebecca Stoluzfus, revived the construct.  

Building on Engle et al.’s work on caregiver resources and the capabilities framework of 

Martha Nussbaum (Nussbaum 2001), the group created the Caregiver Capabilities 

Framework, which describes the set of skills and attributes that caregivers need in order 

to provide care (C. Matare 2015).  The caregiver capabilities outlined by Engle and the 

Caregiver Capabilities Working Group  have been studied to a varying degree with the 

major exception of self-efficacy.   
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Figure 1.1 The Extended Model of Care  

 

Reference: (Engle, Menon, and Haddad 1997) 

1.5.2 Self-efficacy in behavior change theory 

Self-efficacy is defined as an individual’s perceived confidence to perform a behavior 

to produce a certain outcome. It was first introduced in the psychology literature as part 

of Bandura’s social cognitive theory, which posits that learning occurs in a social context 

through the observation of others and that environmental factors, behavior and cognitive 

processes reciprocally determine one another (Bandura 1978). The theory of planned 
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behavior expands on Bandura’s self-efficacy theory describing perceived behavioral 

control as one of the predictors of intention to perform a behavior (Ajzen 1991).  

1.5.3 Sources and dimensions of self-efficacy  

The literature identifies four sources of self-efficacy notably, (i) enactive learning, (ii) 

vicarious learning, (iii) verbal persuasion and (iv) psychological state as sources of self-

efficacy (Bandura 1978). Enactive learning, through previous personal experience, and 

vicarious learning, through the observation of others’ behaviors and their outcomes, 

both impact an individual’s perception of their own ability to perform a behavior. Verbal 

persuasion, through coaching or encouragement from others, positively impacts efficacy 

beliefs. The psychological state of a person also informs efficacy beliefs. There is an 

extensive literature linking states of anxiety and depression to lower self-efficacy beliefs 

(Muris 2002; Maciejewski, Prigerson, and Mazure 2000; Maddux and Meier 1995).  

Self-efficacy varies by generality and strength. Generality refers to how self-efficacy 

may differ in different domains. For instance, one might feel highly efficacious with 

regards to academic achievement but less so about the domain of parenting. The 

empirical literature further disaggregates self-efficacy as being as task-specific, domain-

specific, domain-general or general self-efficacy (Woodruff and Cashman 1993). Task 

specific self-efficacy is grounded in one particular task, for instance breastfeeding. 

Domain specific self-efficacy is related to a broader construct, such as infant-feeding, 

but is conceptualized as being made up of the self-efficacy in several tasks. Domain 

general also relates to a broader construct, such as parenting, but is not tied to any 

specific task and inquires about general feelings of efficacy towards a domain. Finally, 

self-efficacy has also been discussed as being a relatively constant and transcendent in 
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all domains of a person’s life (Chen, Gully, and Eden 2001). The strength of self-efficacy 

refers to the level of confidence a person ascribes to a particular task. The strength of 

self-efficacy will determine whether behavior change will be initiated, how much effort 

will be expended, and how long it will be sustained in the face of obstacles and failures 

(Zimmerman and Cleary 2006). People with high self-efficacy are more likely to take on 

a task and to persist in that task.  

1.5.4 Evidence of self-efficacy as a resource for care 

Self-efficacy has been explored extensively in relation to care behaviors and health 

behavior change promotion in developed country contexts. Self-efficacy is posited to 

mediate the relationship between intention to perform a behavior and action as part of 

the theory of planned behavior (Ajzen 1991). It has been described as determinant of 

whether a behavior is initiated, how much effort is expended, and how long it will be 

sustained in the face of obstacles and failures (Zimmerman and Cleary 2006). In high 

income countries higher breast-feeding self-efficacy has been associated with longer 

duration of exclusive breast-feeding in ethnically and economically diverse populations 

(Blyth et al. 2002; McCarter-Spaulding and Gore 2009) and breastfeeding education 

interventions have been shown to increase maternal self-efficacy and exclusive 

breastfeeding rates in Canada  (Noel-Weiss et al. 2006; McQueen et al.; Nichols et al. 

2009). More broadly, high parenting self-efficacy has been associated with more 

favorable parenting behaviors (e.g. disciplining style, responsive and stimulating 

caretaking (Sanders and Woolley 2005; Teti and Gelfand 1991) as well as improved 

infant development status (Coleman and Karraker 2003).    
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Despite this, self-efficacy has received little attention as a resource for care in 

developing country contexts. Self-efficacy has been studied in  other domains, notably 

condom use for the prevention of HIV, where it has been associated with positive 

behavioral outcomes (Louw, Peltzer, and Chirinda 2012). Specifically relating to child 

feeding, few studies in low and middle income countries have investigated self-efficacy, 

citing mixed findings (Zongrone 2015; C. Matare 2015; Robert et al. 2006). The 

potential mediating or moderating effect that self-efficacy has on the uptake and 

therefore success of nutrition specific and sensitive interventions is underexplored. 

Further research is needed. 

1.6 Bridging the Gaps: Self-Efficacy as a Resource for Care in 

Nutrition-Sensitive Agriculture 

Self-efficacy for different care behaviors is of particular interest in the context of 

nutrition sensitive agricultural interventions, because these often depend heavily on 

women to take on additional tasks related to agriculture and to care. In sub-Saharan 

Africa, women provide a majority of agricultural labor and the care for children. Gender 

power asymmetries in sub-Saharan Africa are such that women have responsibility for 

the heavy labor of domestic chores and child-care, limited decision-making power over 

the use of income and productive resources, and restricted autonomy, particularly 

among younger, recently married (Bank 2011; Prah 2013; Safilios-Rothschild 1982). 

Recommendations for nutrition-sensitive agriculture echo one another in the importance 

of targeting women, but our current efforts may be blind to the potentially burdening 

nature of interventions and the variability in women’s perceived abilities to take on 
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recommended behaviors. An understanding of how agricultural interventions affect 

women’s abilities to provide care is central to elucidating the impact pathway from 

agriculture to nutrition and remains undeveloped in our current theories of change.  

1.7 Research aims and organization of content 

The broad goal of this dissertation is to explore the role of self-efficacy for 

complementary feeding, a resource for care, as a moderator of an agricultural 

intervention’s impact on child diet diversity in the Central Province of Zambia.  

Chapter 2 provides a detailed description of the integrated gender, health and 

agricultural intervention studied in this dissertation. Chapter 3 investigates the impact of 

a gender-sensitive home-gardening intervention on maternal self-efficacy for 

complementary feeding using survey data from a mid-line evaluation of the intervention. 

Chapter 4 explores the role that social support and food security play in mediating the 

impact of gender-sensitive home-gardening on self-efficacy. Chapter 5 assesses the 

roles of self-efficacy and knowledge as predictors of child diet diversity. Finally, Chapter 

6 discusses the overall conclusion of this work and the implications for programs and 

future research.  
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CHAPTER 2 

REALIGNING AGRICULTURE FOR IMPROVED NUTRITION 

INTERVENTION: A DETAILED DESCRIPTION 

 

Realigning Agriculture for Improved Nutrition (RAIN) was a four year gender- and 

nutrition-sensitive home-gardening intervention delivered by Concern Worldwide in the 

rural districts of Mumbwa, Zambia. RAIN was evaluated by the International Food Policy 

Research Institute in a three-arm cluster randomized controlled design. The three 

treatment arms were (i) a gender-sensitive agriculture intervention, (ii) a gender-

sensitive agriculture intervention with nutrition education and (iii) a control.  Details of 

the study design and intervention components are presented below.  

Purpose of RAIN 

The purpose of RAIN was to reduce the prevalence of stunting in children under five 

years of age through the promotion of diversified, micronutrient rich home gardens. The 

program targeted approximately 3,500 households with pregnant and lactating women, 

and children under two year of age, effectively covering the 1,000 days of life.  

Research Design 

A cluster randomized design was chosen to minimize the effect of intervention spillover 

and facilitate intervention delivery. Analysis of the overall trial was based on the analysis 

of repeated cross-sections given the outcome of interest, stunting in children under 5. 

Beneficiaries were not followed longitudinally, as most children would have aged out of 

the time frame to assess stunting. Six wards were selected for inclusion in the study. 

Two wards were randomly allocated to the control (Chisalu and Kapyanga), and the 
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remaining four were allocated to receive an intervention (Sichanzu, Nalubanda, Choma 

and Milandu). Each ward is sub-divided into census survey areas (CSA) which are 

geographical areas defined by the Central Statistics Office for the Zambian census and 

represent the unit of randomization for the intervention. There were a total of 26 CSAs 

in the intervention wards and 15 CSAs in the control ward. The CSAs in the intervention 

ward were further randomly allocated to one of two RAIN treatment arms. All CSAs 

within the control wards were allocated to the control. This cluster randomized design, in 

summary, resulted in three different study arms: 

 

1. AgOnly: agricultural and gender interventions only 

2. AgNut: agricultural, gender and nutrition interventions  

3. Control: comparison arm with no RAIN project interventions.  

 

AgOnly received agriculture and gender interventions. AgNut received agriculture, 

nutrition and gender interventions. The following section describes the conditions of the 

Control arm. The remainder of the chapter is dedicated to a detailed description of each 

intervention component and its intended implementation.  

Summary of the Control  

The control area wards, Chisalu and Kapyanga, received no intervention from concern. 

These wards were comparable to the intervention wards at baseline (Harris, Quabili, & 

Rawat, 2012). The control wards are served by one health center and ten outreach 

posts. Health centers are staffed by nurses, environmental health technicians and 

clinical health technicians, who are formally employed extension health worked of the 
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Ministry of Health. In addition, community health volunteers, traditional birth attendants 

and lay prevention of mother to child transmission (PMTCT) counselors help rural health 

clinics conduct their activities. These include antenatal and post-natal care, child 

monitoring, vitamin A and supplementation and deworming support during child health 

weeks.  

Summary of project interventions  

The RAIN project consisted of three main interventions targeting (i) agriculture, (ii) 

nutrition and health, and (iii) gender. Intervention components were delivered through 

women’s groups meetings, home visits, antenatal and under-fiver clinics, community 

drama presentation, Child Health Week and project field days.  The main intervention 

components were delivered by model farmers and community health volunteers through 

women’s groups.  

Women’s groups were the main platform for the delivery of RAIN interventions.  All 

women meeting the inclusion criteria (pregnant, lactating, child under two) were eligible 

and encouraged to join groups. At baseline 224 groups of 15-20 women were created 

by Concern, and additionally recruitment occurred every six months. Women’s groups 

met twice a month for approximately two hours and served as a platform to receive 

education, inputs and practice skills provided by the RAIN intervention.  

Small model farmers (MF) were female community members, selected among the 

beneficiaries and trained by Concern to lead women’s group activities around 

agriculture.  MFs were chosen based on level of education, willingness to participate, 

regard within the community as an agent of change and availability of land for 
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demonstrations. MFs received initial training on agricultural practices during a four day 

retreat to Mumbwa town that includes theory and hands on practice. Each month, MFs 

received day-long refresher trainings to prepare for the upcoming group meetings. 

Trainings of MF were performed by community development facilitators (CDF) along 

with Concern staff hired and trained to supervise MFs and in conjunction with the 

Ministry of Agriculture veterinary assistants and camp extension officers serving the 

area. MFs received seeds, a goat, a bicycle and a treadle pump for their services.  

Community Health Volunteers (CHV) were existing community based volunteers 

working with the rural health clinics trained to provide nutrition education to women’s 

groups in the AgNut arm. CHVs recruited for RAIN included traditional birth attendants, 

community health workers, child health promoters and PMTCT counsellors selected 

from the six rural health clinics in the catchment area of the AgNut treatment arm. 

Concern trained 15-20 CHVs per rural health clinic to co-lead women’s group meetings 

with MFs in the AgNut treatment arm and to provide harmonized messaging around 

nutrition and health. CHVs were trained on IYCF and counseling technics by “master 

trainers” who are a group of ten experienced health workers formally employed by the 

Zambian Ministry of Health, and selected to receive a 6-day IYCF training and 3-day 

training-of-trainer session by the RAIN staff (nutrition officer).  Master trainers include 

nurses, environmental health technicians and clinical health technicians. CHVs received 

a bicycle for their services.  

The section below provides a description of intervention components.  
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Agricultural Intervention 

Aim: The aim of the agricultural intervention was to increase the availability and access 

of micronutrient rich foods through the promotion of diversified homestead food 

production (home-gardens and small livestock).  

Target. Pregnant and lactating women, and women with children under two years of 

age.   

Intervention Components. The agricultural intervention consisted of (i) illustrative 

agricultural education, (ii) seed, vine and fruit tree saplings distribution, (iii) small 

livestock distribution, (iv) garden tool distribution for the poorest members (v) borehole 

rehabilitation where necessary and (vi) RAIN field days.  

Agricultural education was provided by MFs at women’s group meetings and 

reinforced at home-visits, where MFs checked on gardens and provided any assistance 

necessary. Education was assisted with an illustrated training manual and included 

topics on crop diversification and rotation, preparation of garden plot, sowing and 

transplanting, soil management, compost making, seed preservation, organic 

production methods, integrated pest management, agro-forestry, post-harvest 

management, food storage and processing, shed construction for livestock, livestock 

vaccination, feed, and offspring care.  

 

A small amount of diverse seeds, vines and fruit tree saplings were distributed to 

groups twice a year women’s group to coincide with rain-fed and winter crop growing 
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season. MFs received a slightly larger amount of seed to keep nurseries that could be 

used for further distribution to the group.  

Beneficiaries also received small livestock, (chickens and goats). Female goats were 

distributed to half of the group members in the second year of the intervention. The 

other half of the women received goats in a pass-on scheme when the goats gave birth.   

Garden tools (hoes, watering cans, and rakes) were provided to the four poorest 

member of the groups in the first year of the project. A treadle pump was provided to 

group for winter crop irrigation. The MF was responsible for ensuring that each member 

was able to use it.  

Boreholes were rehabilitated in areas of need to ensure access to water for garden 

irrigation.   

Field days were organized twice a year to showcase the gardens of RAIN beneficiaries 

in the community.  

Nutrition Intervention  

Aim: The aim of the nutrition intervention was to increase the consumption of 

micronutrient rich foods made available through the agricultural intervention and to 

improve women’s knowledge of nutrition and health practices.  

Target. Pregnant and lactating women, and women with children under two years of 

age.   

Intervention Components. The nutrition intervention consisted of behavior change 

communication (BCC) activities delivered through group meetings, home visits, rural 
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health clinics, community drama presentations, Child Health Week and RAIN field days. 

Topics covered include the causes, signs, and prevention of malnutrition in children and 

mothers; infant and young child feeding practices; feeding of a sick child; nutrition 

during pregnancy and lactation; vitamin and mineral supplementation; food preparation 

and preservation practices; treatment of severe acutely malnourished children, 

integrated management of childhood illnesses; vaccinations; water, sanitation and 

hygiene; HIV & AIDS awareness (transmission, prevention, addressing stigma PMTCT 

;IYCF in the context of HIV and AIDS.  

During women’s groups meetings broader messages (e.g. hygiene and sanitation) were 

delivered to all women and targeted messages were included for sub-groups of women 

given their life stage (e.g. pregnant, child 0-6mo). Cooking demonstrations were also 

planned as learning tools. At home visits women received one-on-one counselling from 

their CHV that addressed their needs. Husbands were encouraged to participate in 

these sessions. Targeted key messages for child diet diversity are presented in Table 

2.1, and the full set of messages are provided in Annex A. CHVs were to recommend 

and negotiate do-able actions with caregivers at each meeting.  

CHVs attended antenatal and under-five clinics and conducted health clinic talks to 

further provide education on nutrition training topics. CHVs assisted with health talks at 

bi-annual Child Health Weeks, which provide vitamin A supplementation and deworming 

services. CHVs attend RAIN field days, in which gardens are exhibited in the 

community, to encourage and answer any questions related to nutrition.  
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TABLE 2.1 Key messages around child diet diversity  

Key messages for mothers/caregivers (including husbands) of children from 6-9 months: 

 At 6 months, begin feeding your baby other foods in addition to breastmilk, such as  soft 

food (porridge, mashed banana or mashed potato, family foods) , 2 to 3 times a day. 

Start with 2 to 3 table spoons per feed. Food should be thick enough that it does not run 

off the spoon. 

 Give your baby foods from different food groups (legumes, animal-source, staples, dark 

green leafy vegetables, orange-flesh vegetables and fruits) 

 Key messages for mothers/caregivers (including husbands of children from 9-‐12 

months: 
 From 9 months onwards, feed your child 4 times a day (3 meals and 1 snack). 

Include a food from each food group in at least one meal a day or as often as 

possible. 

 Add small amounts of oil or margarine to your baby's food. 

Key messages for mothers/caregivers (including husbands) of children from 12-24 

months: 
 Try to include a food from each food group in at least one meal per day or as often as 

possible. 

 Add small amounts of oil or margarine to your baby's food 

 Source: RAIN operations manual 

 

 

Gender Intervention 

Aim: The aim of the gender intervention was to sensitize community members to gender 

roles around child care and agricultural labor and empower women with greater 

decision making power over household production, income use and food. 

Target. Community at large  

Intervention Components. Concern aimed to mainstream gender into all intervention 

components and in addition aimed to hold three gender trainings. Gender training were 

to be facilitated by a local non-governmental organization (NGO), Women for Change.  

An initial gender training consisting of role plays, group work and discussions was 

organized and open to all members of the community .A second training was organized 
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for women’s groups and their spouses. A third training was organized for community 

leaders.  

Gender was also mainstreamed into the nutrition and agriculture curricula and 

discussed at group meetings and at home visits. Food preservation techniques and 

encouragement of fathers to participate in child care aimed to create a more equal 

division of labor and decrease women’s time burdens. Fuel efficient cooks stoves were 

provided. Drama troupe touches on gender issues, and there was an informal 

recognition of male champions in the community who are supportive of their wives. Male 

CHVs were encouraged to engage with husbands and include gender into radio spots.  

Coordination 

Concern created a district coordination committee to ensure collaboration of community 

actors towards the goal of reducing undernutrition. The district coordination committee 

consisted of a member of Concern, the Ministry of Health, Ministry of Agriculture and 

Livestock and the Community Development and Mother and Child Health, a long-

standing organization in Mumbwa. The group met once a month to coordinate.  
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Appendix A 
Full Set of Nutrition Messages  

 

Key messages for pregnant women 

 Attend at least four antenatal clinics 

 During pregnancy, eat two extra small meals or snacks each day. 

 Eat a variety of locally available foods. 

 Take iron supplements for at least 90 days 

 Receive tetanus toxoid vaccine 

 Prepare for delivery (plan for transport, equipment for a clean delivery etc). Start 

breastfeeding within one hour of giving birth. 

 Encourage feeding the baby colostrum and no prelaceals 

 Exclusively breastfeeding for the first six months of life. 
 

 
Key messages for mothers/caregivers (including husbands) of children from 06 mo  

 Start breastfeeding within one hour of giving birth. 

 Exclusively breastfeeding for the first 6 months of life. 

 Breastfeed often, at least 8 to 12 times, day and night to make lots of breast milk. 

 Finish feeding from one breast before giving milk from the other breast. 

 Express and store breast milk before leaving home so that other caregivers can feed 

the baby while you are away. 

 Seek assistance if you experience any post-partum complications 

 During lactation, mother should eat two extra small meals or snacks each day. 

 During lactation, mother should eat a variety of locally available foods. 

 Mother should take Vitamin A capsule within two months after delivery 

 Bring your child for routine vaccinations from birth 

 Seek health care when your child is sick and continue feeding a sick child 

Key messages for mothers/caregivers (including husbands) of children from 6-9 months: 
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 At 6 months, begin feeding your baby other foods in addition to breastmilk, such as soft 

food (porridge, mashed banana or mashed potato, family foods), 2 to 3 times a day. 

Start with 2 to 3 table spoons per feed. Food should be thick enough that it does not run 

off the spoon. 

 Give your baby foods from different food groups (legumes, animal-‐source, staples, 

dark green leafy vegetables, orange-‐flesh vegetables and fruits) 

 Be patient and actively encourage your baby to eat. 

 Continue breastfeeding your baby on demand, day and night until at least two years of age 

 Do not use feeding bottles to feed your baby. Feeding bottles are very difficult to clean 

and can make your baby sick with diarrhea. 

 Wash your hands with soap and running water before preparing food, eating or feeding 
young children, and after using the latrine or cleaning your baby's bottom. 

 Take your child for routine immunization, vitamin A supplementation, deworming and 

growth monitoring until the age of 5. 

Key messages for mothers/caregivers (including husbands of children from 9-12 

months:  Continue breastfeeding until your baby is two years or older. 

 From 9 months onwards, feed your child 4 times a day (3 meals and 1 snack). 

Include a food from each food group in at least one meal a day or as often as 

possible. 

 Add small amounts of oil or margarine to your baby's food. 

 Give your baby an own plate to make sure they eat all the food given 

 By 9 months your child should be able to begin eating finger foods such as pieces of 

ripe mango and pawpaw, banana and vegetables. 

 Wash your hands with soap and running water before preparing food, eating or feeding 
young 

children, and after using the latrine or cleaning your baby's bottom. 

 Take your child for routine immunization, vitamin A supplementation, deworming and 

growth monitoring until they are 5 years of age. 

Key messages for mothers/caregivers (including husbands) of children from 12-24 

months: 
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 Continue breastfeeding your child until they are two years old. 

 From 12 months onwards, feed your child 5 times a day (3 meals and 2 snacks). By 

12 months other solid foods and family meals can be given as many times as possible 

each day. 

 Give your young child one 250ml cup/bowl at each feed. 

 Cut the food into small pieces so that the child can easily chew and swallow. 

 Try to include a food from each food group in at least one meal per day or as often as 
possible. 

 Add small amounts of oil or margarine to your baby's food 

 Children eat more slowly than adults, so put your child's portion of the meal in their own 
bowl. 

 Wash your hands with soap and running water before preparing food, eating or feeding 
young 

children, and after using the latrine or cleaning your baby's bottom. 

 Take your child for routine immunization, vitamin A supplementation, deworming and 

growth monitoring until they are 5 years of age. 

 

Source: (IFPRI, 2011) 
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CHAPTER 3 

 THE EFFECTS OF A NUTRITION-SENSITIVE AGRICULTURAL 
INTERVENTION ON MATERNAL SELF-EFFICACY IN 

COMPLEMENTARY FEEDING IN RURAL ZAMBIA 
 

3.1 Abstract  

Background. Nutrition-sensitive agricultural interventions have become widely used to 

improve child nutrition but have had limited impact. These interventions have lacked an 

explicit focus on the resources that caregivers need to feed infants. Self-efficacy is one 

such resource.   

Objective. We evaluated the impacts of a cluster randomized gender-sensitive home-

gardening intervention, with and without nutrition education, on maternal self-efficacy in 

complementary feeding in rural Zambia.  

Methods. We administered a survey to a cross-sectional sample of 795 women with 

children 6-24 mo after two years of intervention implementation. We conducted mixed 

effects linear regressions in both intention to treat and per protocol analyses to 

determine the impact of the intervention as delivered and as designed.  

Results. The intention to treat analysis found that the gender-sensitive home-gardening 

intervention significantly improved maternal self-efficacy in complementary feeding. We 

discovered substantial variation in the delivery of nutrition education resulting from low 

engagement of community health volunteers. Intervention effects on self-efficacy did not 

differ in women who received nutrition education and those who did not, even when 

correcting for implementation fidelity in our per protocol analysis. 
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Conclusion. The gender-sensitive home-gardening intervention improved maternal 

self-efficacy for complementary feeding, and underlined the difficulty of engaging 

existing community health workers to deliver nutrition education in the context of a 

primarily agricultural intervention.  

3.2 Introduction 

Agriculture’s unfulfilled potential for nutrition. Agriculture’s potential to improve 

nutrition has been the subject of much global attention. This is reflected in the recent 

agendas of both global research institutes and development organizations. The United 

States Agency for International Development’s Feed the Future Initiative was launched 

to reduce poverty and improve nutrition by leveraging agriculture. This was followed 

shortly by the Consultative Groups for International Agriculture Research’s creation of a 

specific Agriculture for Nutrition and Health program (Ho and Hanrahan 2011). Most 

recently, nations worldwide adopted the Sustainable Development Goals, the second of 

which aims to eradicate hunger by coupling agricultural development and nutrition 

targets (United Nations General Assembly 2015). In a world where a majority of the 

poor and undernourished people’s livelihoods depend on agriculture, growth in this 

sector has the potential to make catalytic changes to global nutrition. Improvements in 

agriculture can increase incomes of the rural poor, decrease real food prices or more 

directly change food availability in ways that are favorable to the nutrition of vulnerable 

populations (A. Herforth, Jones, and Pinstrup-andersen 2012; Hoddinott, Rosegrant, 

and Torero 2013; Pinstrup-Andersen 2012).  
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Despite this potential, there is limited empirical evidence demonstrating the 

effectiveness of agricultural interventions on nutritional status to date.  Systematic 

reviews have documented a number of reasons for this, including weaknesses in 

intervention design (Berti, Krasevec, and FitzGerald 2004) and evaluation design 

(Masset, Haddad, and Cornelius 2012; M. Ruel and Alderman 2013; Webb 2014).   

Understanding the evidence gap. A more fundamental reason for this gap in 

evidence may be the failure of project planners and researchers to specify an explicit 

theory of change, or the common tendency to use  an incomplete or inappropriate 

theory of change (Webb 2014; Berti, Krasevec, and FitzGerald 2004; Yosef et al. 2015).  

As originally specified in the UNICEF conceptual framework (UNICEF 1990), and 

updated more recently (M. Ruel and Alderman 2013) child undernutrition is a result of 

poor water, sanitation, hygiene and health care,  limited or unreliable household access 

to appropriate foods, and poor care and feeding practices.  Interventions that focus on 

one of these domains, but fail to address problems in the other domains, may have little 

or no detectable impact, as demonstrated in the case of agricultural interventions in 

Kenya (Kennedy and Cogill 1987) and Tanzania (Kidala, Greiner, and Gebre-medhin 

2000).   Within this broader framework, food access and young child caring and feeding 

practices are considered to be particularly important in the agriculture-nutrition nexus 

(Arimond and Ruel 2004). 

Efforts to date: the ag-nutrition disconnect. Secure access to appropriate foods 

refers to the quantity and quality of foods that a household has access to on a year-

round basis in order to satisfy the energy, macronutrient and micronutrients needs of all 
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individuals within the household.  From the perspective of the young child, the first 

1,000 days of life (from conception to the child’s second birthday) is an especially critical 

period for growth, health and development.  Undernutrition during this period is 

responsible for the high prevalence of stunting with its largely irreversible and lifelong 

downstream consequences (Martorell, Khan, and Schroeder 1994). Micronutrient 

deficiencies during this sensitive time can adversely affect cognitive development (M. M. 

Black 2003) and linear growth (Rivera et al. 2003).  Most agricultural policies and 

programs have historically focused on improving the productivity of staple crops under 

the assumption that increases in income and access to calories would translate into 

improvements in nutrition (Pinstrup-Andersen 1981; Hawkes and Ruel 2006; Pinstrup-

Andersen 2012).  However, this tacit theory of change has been invalidated by the 

extensive evidence that gains in production, productivity and income only loosely 

translate into improvements in nutrition(Haddad et al. 2003; M. Ruel and Alderman 

2013) because it neglects the influence of intra-household allocation of food and the 

importance of food diversity to meet micronutrient needs. 

The promise of home gardens. Home-gardens have targeted this deficiency in their 

design to provide access to diverse and micronutrient-rich foods year-round. Helen 

Keller International was among the first organizations to promote small-scale vegetable 

production in the late 1980’s in Bangladesh. This drew on the existing practice of 

keeping a kitchen garden -- a nearby plot, typically managed by women, used to 

produce a small amount of vegetables for daily cooking – and initiatives have since 

been expanded to include small animal husbandry with the aim of providing year-round 

access diverse and nutritious foods (Gibson 2011). However, ensuring that improved 
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access translates to improved diets for children requires additional attention to care 

practices and the caregiver.  The intra-household allocation of resources dictates what 

foods a caregiver is able to access and feed a child. Women are largely, though not 

exclusively, responsible for childcare and feeding, but tend to have limited control over 

household assets. It is established that assets in the hands of women are more readily 

allocated to nutrition and health (Van den Bold, Quisumbing, and Gillespie 2013; 

Hoddinott and Haddad 1995; Katz 1995) and women with greater decision-making 

power have children with better nutritional outcomes (Smith et al. 2003). Targeting and 

empowering women, without creating unreasonable demands on their time, is an 

important pathway linking agriculture to nutrition. 

Care and caregiver capabilities. In addition to issues of material resources, care 

practices play an important role in ensuring proper nutrition. Young child caring and 

feeding practices refer to a set of behaviors, including breastfeeding, complementary 

feeding, and psychomotor stimulation that ensure the proper development of the child. 

These behaviors are recognized as important determinants of child nutrition, and have 

been the center of behavior change communication (BCC) interventions (United States 

Agency for International Development 2011; Lamstein et al. 2014).  While care 

behaviors are recognized as important, capabilities for care have been largely absent 

from the discussion. It was a decade before Engle et al. expanded on the UNICEF 

framework to describe resource that caregivers need to provide care. These include 

mental and physical health, autonomy, knowledge, social support, time and self-efficacy 

(Engle, Menon, and Haddad 1997; C. R. Matare et al. 2015). Self-efficacy, the 

perceived ability to successfully perform a task (Bandura 1978), is the least studied of 
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these resources in low- and middle-income countries (LMIC), despite its established 

importance in behavioral theory.  

Self-efficacy is believed to mediate the relationship between intention to perform a 

behavior and action, as part of the theory of planned behavior (Ajzen 1991). It is a 

determinant of whether a behavior is initiated, how much effort is expended, and how 

long it will be sustained in the face of obstacles and failures (Zimmerman and Cleary 

2006). In high income countries, higher breast-feeding self-efficacy has been associated 

with longer duration of exclusive breast-feeding in ethnically and economically diverse 

populations (Blyth et al. 2002; McCarter-Spaulding and Gore 2009) and breastfeeding 

education interventions have been shown to increase maternal self-efficacy and 

exclusive breastfeeding rates in Canada  (Noel-Weiss et al. 2006; McQueen et al.; 

Nichols et al. 2009). More broadly, high parenting self-efficacy has been associated with 

more favorable parenting behaviors (e.g. disciplining style, responsive and stimulating 

caretaking (Sanders and Woolley 2005; Teti and Gelfand 1991) as well as improved 

infant development status (Coleman and Karraker 2003).   However, too few studies 

have investigated self-efficacy in LMIC and mostly in other domains, notably condom 

use for the prevention of HIV, where it has been associated with positive behavioral 

outcomes (Louw, Peltzer, and Chirinda 2012). Specifically relating to child care, 

maternal self-efficacy to feed thick porridge was studied in the context of a nutrition 

BCC in Peru where Robert et al. found positive associations between exposure to the 

intervention  and self-efficacy (Robert et al. 2006). In Bangladesh, Zongrone et al. also 

found BCC to impact self-efficacy’s and further showed that self-efficacy was a mediator 
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of the intervention’s effect on the successful introduction of certain types of 

complementary foods (Zongrone 2015).  

Self-efficacy for different care behaviors is of particular interest in the context of 

home-gardening interventions, as these depend heavily on women to take on additional 

tasks related to agriculture and to care. In sub-Saharan Africa, women provide 70% of 

agricultural labor (FAO 2011) and the majority of care to children. Establishing home-

gardens, incorporating new produce directly from gardens or income generated into 

children’s diets, and adopting new feeding behaviors represent a set of potentially 

beneficial but possibly overwhelming tasks for women. An understanding of how 

agricultural interventions affect women’s abilities to provide care is central to elucidating 

the impact pathway from agriculture to nutrition and remains undeveloped in our current 

theories of change (Yosef et al. 2015).  

The purpose of this study is to examine the impacts of a nutrition sensitive 

agricultural intervention on maternal self-efficacy in complementary feeding. We 

conducted this work in the context of a gender sensitive home-gardening intervention in 

Mumbwa, Zambia.  We specifically hypothesized that (i) women participating in a 

gender-sensitive home-gardening intervention would have higher self-efficacy in 

complementary feeding than those who did not; (ii) these differences would be greater 

in women who additionally received nutrition education; (iii) women with higher 

exposure to the intervention components (greater intervention fidelity) would have 

greater self-efficacy than those with lower exposure. Our theory of change supporting 

these hypotheses is presented in Figure 3.1.  
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 3.3 Methods 

Context 

This study took place in the Mumbwa district of the Central Province of Zambia. 

Mumbwa is located in a medium rainfall plateau, commonly classified as Agro-

ecological Zone Two, that runs east-west through the center of the country (Aregheore 

2009). Smallholder rain-fed agricultural production is near universal. The main crops 

produced are maize, groundnuts, and cotton. Less than a third of households produce 

fruits and vegetables of any kind, with rape and tomato being the most common. Most 

households own poultry and less than half own cattle or goats. (Harris, Quabili, and 

Rawat 2012) 

Mumbwa is characterized by high levels of child undernutrition. Forty-nine percent of 

children under five years in the project area are stunted, and children 6-24 months old 

consume on average fewer than three food groups (Harris, Quabili, and Rawat 2012).  

The predominant ethnic group in Mumbwa is Tonga, although a minority of Ila and 

Bemba people also live there. In Mumbwa, household and agricultural activities are 

gendered. Tasks that fall in men’s domains include physically taxing work such clearing 

land for agriculture and household improvement, such as crafting of fences. Women are 

responsible for childcare, household chores as well as weeding and planting of 

household crops (Swedish International Development Cooperation Agency 2008; Araki 

2001b; Committee on the Elimination of Drimination Against Women 1999). Despite the 

matrilineal traditions of the Southern Tonga, in Mumbwa, men own household land and 
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the income generated from major staples such as maize, while both men and women 

provide labor. Women tend smaller-scale groundnut and vegetable crops, which are 

cultivated secondarily (Araki 2001b; Sikwibele 2013). Women have limited decision-

making power over the use of household income, but they do control any income 

earned independently (Araki 2001a).  

Program description  

This research was conducted in the context of a three arm cluster-randomized, 

controlled evaluation of the Realigning Agriculture for Improved Nutrition (RAIN) 

intervention and used data from its 2014 process evaluation. RAIN was a four-year 

partnership between Concern Worldwide Zambia (Concern) and the International Food 

Policy Research Institute (IFPRI) that aimed to implement and evaluate a multi-sectoral 

intervention integrating agriculture, nutrition and gender to reduce stunting rates in 

children under five years in the Mumbwa district. Concern was responsible for program 

implementation and IFPRI was responsible for the design and execution of impact and 

process evaluations. The RAIN intervention targeted pregnant women and children from 

birth to 24 months, effectively covering the 1,000 days of life from conception, a critical 

window for proper child growth and development. The RAIN project has two randomly 

allocated intervention arms and one control arm.  

Across both intervention arms, Concern created women’s groups, each consisting of 

15-20 women, to serve as the main platform for intervention delivery. Additional 

recruitment was performed every six months to reach newly eligible women. Once 

recruited, women remained beneficiaries until the end of the project. Both arms received 
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community-level gender-sensitization and bore-hole rehabilitation. The major distinction 

between intervention arms is that one arm was supported to participate in both 

agriculture and nutrition activities while the other arm was supported only to perform 

agriculture activities. These groups will herein be referred to as AgNut and AgOnly, 

respectively and are described in detail below.  

AgOnly Intervention. The intervention was delivered at the women’s group level, 

household-level and community-level. At the women’s group, which met twice a month 

for approximately two hours, beneficiaries received education on vegetable production 

practices (e.g. land preparation and pest management) and touch on issues of gender 

in agriculture. Twice a year, the group received a small amount of starter-seed shared 

equally among women for their respective gardens. During the second year of the 

study, each women’s group received a number of goats and chickens to share among 

members as the animals gave birth. Meetings were led by the small model farmer, a 

program beneficiary chosen by Concern based on education, access to land for 

demonstration and respect within their communities2. Model farmers received initial 

training and monthly refreshers, on agricultural topics as well as effective group 

teaching methods. They were compensated with a larger amount of seed for their 

service. 

At the household-level, the model farmer performed monthly visits to check on 

gardens and livestock, and to encourage men to help women with the garden.  

                                                           
2 Selection was based on education level, willingness to participate, facilitation skills, access to land for a 

demonstration plot and respect in their communities as new community-level change agents for the RAIN project. 
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At the community level, Concern organized gender sensitization events and 

borehole rehabilitations. The sensitization messages highlighted gender inequalities in 

agriculture and childcare, and aim to reduce women’s work and increase support from 

men. Concern held four trainings in each community during the four-year life of the 

project. The initial gender training was a one-day session open to all members of the 

community discussing basic gender concepts and roles as they relate to agriculture. 

This was followed by another one day training session open to RAIN beneficiary 

couples focusing on more-household specific roles. Subsequently community leaders 

received a two-day training discussing cultural practices and power dynamics that inhibit 

women’s empowerment and how to overcome them. Finally, model farmers participated 

in a two-day training on how to increase women’s involvement in community leadership 

structures. Sessions used role-playing and games to highlight gender inequalities. 

Messages were informally reinforced using drama groups, pictorial messages and 

celebrating male champions. Borehole rehabilitations were preformed based on need, 

and field days as well as drama troupe presentations were organized periodically to 

raise awareness about RAIN.   

AgNut Intervention. Women assigned to the AgNut intervention arm received all of 

the same intervention components as the AgOnly arm but additionally received nutrition 

behavior change communication (BCC) messages at the women’s group- and 

household-levels. Women’s groups in AgNut were facilitated by both the model farmer 

and a community health-volunteer (CHV). Concern recruited community health 

volunteers (CHV), traditional birth attendants, child health promoters, and prevention-of-

maternal-to-child-transmission lay counselors already working in the rural health centers 
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and provided them with additional training to act as community health volunteers for the 

purposes of this intervention. Topics covered by CHVs include the signs and causes of 

malnutrition, appropriate complementary feeding practices, cooking demonstrations and 

ways to include garden produce into child diets, nutrition during pregnancy, among 

others.  

At the household-level, CHVs were expected to perform visits twice a month, to 

counsel women on infant feeding practices and encourage men to help with child care 

and feeding. Training aimed to support adoption of new behaviors, congratulate women 

for efforts and provide strategies for success and seeking support.  

Control arm. No intervention occurred in the control group. The control ward has one 

health center, ten outreach posts and is served by 12 CHVs, none of which were trained 

by Concern.  Outreach posts provide antenatal care (ANC), postnatal care to women 

and preventative as well as curative health services for children. Preventative care visits 

include child weighing, and IYCF counselling  

Theory of change 

Figure 3.1 presents the theory of change and the hypothesized pathways through 

which the interventions arms might affect self-efficacy in complementary feeding. We 

postulated that in both arms (i) increased access to garden-vegetables and animal 

source foods, (ii) gains in spousal support from gender messaging and (iii) verbal 

encouragement and peer learning from the women’s group setting would contribute to 

maternal self-efficacy in complementary feeding. We anticipated that gains in spousal 
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support, verbal encouragement and peer learning would be greatest in women in the 

AgNut arm because CHVs deliberately facilitated discussions around nutrition at 

meetings and encouraged fathers to help with child care at home-visits.  

Figure 3.1.Hypothesized pathways through which home-garden interventions impact 
self-efficacy  

 

1. Assumes partial household consumption; 2. Assumes income is at least partially invested in 
purchase of these products; 3. Assumes that increased support for child care and garden 
offsets time that women must invest in establishing and maintaining the garden; SE = self 
efficacy; CF = complementary feeding  

 

Study design and participants  

A sample of 795 women was selected to participate in IFRPI’s cross-sectional 

process evaluation of RAIN, which is the data source for this paper. Surveys were 
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administered by enumerators hired from Palm Research Associates, a local research 

organization, and conducted predominantly in Nyanja (n=697), a widely spoken 

language, or another language the respondent was more comfortable with (n=98). To 

be eligible women must have had a child between 6-24 months of age. The primary aim 

of the survey was to evaluate impact on child diet diversity, and a sample size of 750 

women with 250 per arm was calculated to detect a 15-point difference in child diet 

diversity on an eight point scale with an alpha of 0.05 and 80% power. Additional 

women were sampled in case of non-response and a margin of 5% additional 

households was interviewed to allow for missing data for key indicators in the final 

sample.  

The unit of randomization for the allocation of the intervention at baseline was the 

census survey area, a geographical unit delimited by the Zambian government for the 

national census.  At baseline, the six wards included in this trial were randomly 

allocated to receive the control or any intervention. Census survey area, nested within 

the intervention wards, were further randomized to the AgOnly or AgNut arm. All census 

survey areas in the control ward were allocated to the control. The analysis of the cross 

sectional data presented in this paper, relies on the randomization of intervention 

components at baseline.   

The sampling unit in the intervention arms for the process evaluation was the model 

farmer; this is equivalent to sampling the women’s groups as each model farmer is 

responsible for one women’s group. Concern estimated that each model farmer would 

have five eligible women out of the approximately 20 women per group based on 
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program monitoring data. Accordingly, a simple random sample of 50 model farmers 

was selected from a list of all 215 model farmers. Model farmers were supported to list 

all eligible women of their groups, which totaled to 336 in AgOnly and 309 in AgNut. The 

first eight women of each group were selected for inclusion. In groups with fewer than 

eight eligible women, all women were selected, and to compensate we oversampled 

from other groups. The final sample from treatment arms included 285 women from 

AgOnly and 243 women from AgNut. In AgOnly, 23 women originally sampled were not 

interviewed due to ineligibility (n=11), absence (n=9), or refusal (n=2). These women 

were replaced by taking a random sample from the list of remaining eligible women. 

Among women who received nutrition education (AgNut), nine women originally 

sampled were not interviewed due to ineligibility (n=6) or absence (n=3). 

In the control area, there were no women’s groups or model farmers therefore the 

CHV was the sampling unit. There was one health facility in the control area and it 

supported 10 outreach posts served by a total of 12 CHVs. IFPRI estimated there would 

be 80 eligible women per outreach post, as such, five outreach posts (covered by seven 

CHVs) were randomly selected. CHVs were supported to create a list of eligible women, 

which amounted to a total of 305. A random sample of 50 women was sampled from 

each outreach post. To compensate for posts with fewer than 50 eligible women, 

women were oversampled in other posts. Among women of the control arm, 25 women 

originally sampled were not interviewed due to ineligibility (n=3), absence (n=16), or 

refusal (n=2).The sampling strategy is depicted in Figure 3.2 
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Ethical approval was obtained from the Humanities and Social Sciences Research 

Ethics Committee of the University of Zambia and the Institutional Review Board of 

Cornell University for this survey and the formative work that informed it, respectively.  

FIGURE 3.2 Sampling Strategy 

 
MF = model farmer; AgNut = Agriculture + Nutrition arm; AgOnly = Agriculture only arm; 
1random allocation at baseline; 2 random sampling at midline 

 

 

Model 

We conducted both intention-to-treat and per-protocol analyses to model 

intervention effects on self-efficacy in complementary feeding (Shih and Quan 1997). 

We used random arm allocation as the exposure in our intention to treat analyses. In 

the per-protocol analysis, we used high exposure groups for AgOnly and AgNut as our 

exposure variables, which we created based on an intervention fidelity score. For both 

analyses we conducted mixed-effects linear regression using STATA 13.0’s xtmixed 

function. We included random effects to account for the nested nature of the data.  
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Variables  

Exposure variables (intention-to-treat). Random arm allocation was the independent 

variable for our intention-to-treat analysis.  We created a dummy variable with three 

levels representing the control group, AgOnly, and AgNut, respectively, to compare 

each treatment arm to the control group. To compare AgNut to AgOnly we created a 

two-level dummy variable. 

Exposure variables (per-protocol). For our per-protocol analysis, we considered only 

women with adequate participation in an appropriately delivered intervention. To identify 

these women we (i) developed delivery and participation scores, (ii) separated each 

score into tertiles representing low, medium and high intensity and (iii) selected women 

in the high categories for both participation and delivery. We will herein refer to the 

groups as “high-intensity.” Including only high-intensity groups we compared (1) AgOnly 

to the control group, (2) AgNut to the control group; and (3) AgNut to AgOnly. Details of 

the score creations are outlined below. 

Participation Score. Participation was based as the number of group meetings and 

other RAIN events attended.  We created a categorical variable assuming a value of 

one if the number of group meetings attended was greater than the mean, and zero if 

less than the mean. A separate question assessed whether participants had attended 

any other RAIN events (e.g. gender trainings, field demonstrations, drama troupe 

presentations) in the past year. The two questions were summed, and the resulting 

score ranged from zero to two, where zero was categorized “low” and two was 

categorized “high.” 
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Ag Delivery Score. To measure the quality of delivery for the AgOnly intervention we 

created a score summing performance across three major areas: meeting quality, home 

visit completion, and input receipt. These domains were weighted 2:1:1, respectively. 

The women’s group was the main platform for the delivery of the intervention and as 

such we included more measures related to meeting quality.  

We assessed meeting quality with questions related to regular model farmer 

attendance, model farmer engagement, and coverage of agriculture and gender related 

topics. Input receipt was measured as the variety of seed and livestock received. Home-

visit completion was simply a measure of the number of model farmer home visits 

recalled by the respondent in the past year. With the exception of the questions relating 

to model farmer attendance and model farmer engagement, each of the variables was 

weighted at one. Both model farmer attendance and model farmer engagement were 

measured using two variables to better measure the construct; to avoid over-

representing these two concepts in the overall score, we weighted each of the four 

variables to 0.5. The score ranged from zero to seven and we created tertiles of the 

score to define low, medium and high intensity. The full set of the questions and 

detailed rationale for each variable inclusion is presented in Appendix A.  

AgNut Delivery Score. To measure the quality of delivery for the AgNut intervention 

we additionally assessed regular CHV meeting attendance, coverage of nutrition topics, 

and CHV home visit completion. These measures were in addition to all of the 

measures described above for the AgOnly delivery score, and therefore the AgNut 
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delivery score ranged from zero to 10 and we created tertiles of the score to define low, 

medium and high intensity.  Additional detail is presented in Appendix B.  

Outcome variable (self-efficacy in complementary feeding.) A self-efficacy 

questionnaire was developed based on previous qualitative work with 30 households 

across intervention and control wards. As self-efficacy is a measure of confidence to 

perform a behavior, the phrasing “How confident are you that” was used for each 

question and draws on the phrasing from the Alive and Thrive Bangladesh Survey (Alive 

and Thrive, 2013) and other studies measuring self-efficacy in parenting  (e.g. Coleman 

& Karraker, 2000). The questionnaire was written in English and administered in Nyanja 

(n=697) or the language the respondent was most comfortable with (n=98). The 

response category for each question was a four-point Likert scale that was depicted 

visually in order to make the concept more easily understandable. Previous studies 

have used a 4-10 point scale (e.g. Barnes & Adamson-Macedo, 2007; Wandersman & 

Gibaud-Wallston, 1978). An even number of response categories was deliberately 

chosen in this study to prevent women from arbitrarily selecting the median value.  

The 15-item self-efficacy questionnaire covered agricultural production, 

complementary feeding behaviors and procurement of complementary foods. This set of 

questions was based on formative research involving in-depth interviews and existing 

self-efficacy scales (Alive and Thrive, 2013). We performed an exploratory factor 

analysis to determine if domain-specific factors would emerge as distinct or if a single 

general underlying sense of self-efficacy was more salient. We used an oblique rotation 

as we hypothesized that domains of self-efficacy would likely be correlated. Three 
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factors emerged: self-efficacy in production, procurement and complementary feeding. 

We averaged the six questions loading onto the complementary feeding factor into a 

score, which we used as the outcome variable for the analysis presented in this paper. 

The Cronbach alpha of the self-efficacy in complementary feeding score was of 0.828. 

Covariates. In the per-protocol analysis, we controlled for maternal health seeking 

behavior, as measured by the number of ANC visits and distance to the health center, 

as well as the number of children in the household under five, and a measure of 

household wealth assessed as the number of rooms in the home. 

3.4 Results 

Characteristics of participants 

Characteristics of the randomized clusters at baseline are presented in Table 3.1. 

Households had on average seven members, with two children under the age of five. 

Household hunger was low as measured by the Household Hunger Scale3, which is an 

indicator of food deprivation and actual hunger (Ballard et al. 2011). A majority of 

households used a toilet facility of some kind and had around eight durable assets. 

Caregivers were on average 31 years old with a BMI slightly above 22.  The majority of 

caregivers married monogamously, though polygamous marriage accounted for about 

15% of unions, and had completed primary school. Characteristics of households and 

                                                           
3 This measure is an indicator or food deprivation and actual hunger, unlike the HFIAS, which includes the 
household hunger scale (HHS) plus a measure of experienced food insecurity and a broader depiction of food 
security. The HHS has the advantage of being a cross culturally relevant scale, but the disadvantage of only 
capturing severe food insecurity.  
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mothers appear qualitatively similar across all groups providing some evidence of 

successful randomization4.   

TABLE 3.1 Characteristics of the randomized clusters at baseline   

 Control 

(n=1041) 

AgOnly  

(n=1025) 

AgNut  

(n=978) 

 mean SD mean SD mean SD 

Households       

Household size 7.3 3.1 6.8 2.8 6.9 2.9 

Children < 5, n 2.1 0.8 1.9 0.8 1.9 0.7 

Household hunger scale1 0.5 1.2 0.6 1.5 0.6 1.2 

Durable asset count2 8.2 6.9 7.6 6.6 8.2 6.3 

No toilet facility, (%) 14.3  34.3  19.0  

Polygamous HH, (%) 15.6  13.9  15.0  

Female headed HH, (%) 17.5  16.2  16.8  

Mothers       

Age, y 30.7 9.1 30.5 8.5 31.1 21.0 

Education       

None 4.1  5.8  4.6  

Started primary   37.6  36.9  37.5  

Completed primary 32.4  29.8  30.7  

Started secondary  23.4  25.2  23.9  

Completed Secondary 2.2  1.9  3.0  

Married, (%) 84.3  83.0  86.3  

BMI 22.6 3.4 22.5 3.1 22.7 3.0 

1. Score ranges from 0 – 9; 2.Durable asset includes goods that can be used repeatedly for a 
long period. 21 assets including bicycle and mobile phone; AgOnly = agriculture only arm; 
AgNut = agriculture + nutrition arm. Source: IFRPI baseline evaluation. 

                                                           
4 Statistical tests were not performed to substantiate this as the raw data were not available. The source of this 
information if from the IFPRI report of the baseline evaluation.  
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Characteristics of the sample at midline are presented in Table 2.2. Women of the 

treatment groups had more children under the age of five and slightly older index 

children than women of the control group; these differences were small but statistically 

significant. The number of rooms, our measure of household wealth, was similar across 

all groups. Household food security and self-efficacy in complementary feeding were 

significantly different across all groups and highest in the treatment arms, as expected 

given intervention.   

TABLE 3.2 Characteristics of sample  

 Control  
(n=230) 

AgOnly  
(n=254) 

AgNut  
(n=219) 

 mean SD mean SD mean SD 

Number of children < 5 1.8 0.75 2.1a 1.07 2.2b 1.26 

Index child age, (mo) 13.5 5.27 15.0a 5.04 14.3b 5.25 

Number of rooms 2.4 1.0 2.4 1.1 2.3 1.0 

Household Food 
Insecurity Access 
Score* 

10.67  5.16 5.45  5.20 7.16  5.36 

Self-efficacy in CF 
score**  

3.41 0.50 3.81 0.31 3.71 0.40 

AgOnly = agriculture only arm; AgNut = agriculture + nutrition arm; *score ranges 0-24; **4-point 
Likert scale; aDenotes values that differ significantly from the control bDenotes values that differ 
significantly from AgOnly 

 

Intention to Treat Analysis  

In both groups, allocation to the intervention was strongly and significantly 

associated with improved self-efficacy (Table 3.3). Allocation to the AgOnly group was 
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associated with 0.80 standard deviations greater self-efficacy as compared to the 

control group (p < 0.001). Allocation to the AgNut was associated with 0.73 standard 

deviations greater self-efficacy as compared to the control group (p< 0.001). There was 

no significant difference in self-efficacy between the women in the AgOnly and AgNutr 

groups.  

TABLE 3.3 Standardized coefficients of AgOnly and AgNut treatment effects on 
self-efficacy in complementary feeding (intention to treat and per 
protocol) 

 AgOnly vs. Control AgNut vs. Control AgNut vs. AgOnly 

 β P (95% CI) β P (95% CI) β P (95% CI) 

Random 
arm* 

0.80 <0.001 (0.44;1.16) 0.73 <0.001 (0.37;1.09) -0.04 0.67 (-0.25;0.16) 

High 
Fidelity 
group** 

0.96 <0.001 (0.47;1.46) 1.09 <0.001 (0.46;1.72) 0.20 0.31 (-0.18;0.58) 

AgOnly = agriculture only arm; AgNut = agriculture + nutrition arm; *This analysis controls for 
index child age, number of children under five in the household, and number of rooms in the 
household; **This analysis controls for child age, ANC visits, distance to health center, number 
of children under five in the household and number of rooms in the household. +agricultural 
intervention; ++agricultural intervention with nutrition education 
 

 

Per Protocol Analysis  

Delivery and Participation. Overall we found engagement of CHVs was lower than 

that of model farmers (Table 3.4).  Only 73% of women reported that their CHV 

attended group meetings as compared to 98% for the model farmer. Similarly, 26% of 

women in the AgNut group did not know their CHV name while only 4% could not recall 

their model farmer’s name.  CHV home visits in the previous year averaged 2.7 

compared to 6.7 for model farmer home visits in AgNut. Surprisingly, women in the 
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AgOnly group received on average one visit in the last year from a Concern CHV and 

13% of AgOnly women also reported a CHV present at the last meeting. This is despite 

the fact that CHV’s should not have been a part of the AgOnly intervention. We 

observed elements that should have been similar between AgOnly and AgNut were 

lower in AgNut; for example, the use of demonstrations was higher in the AgOnly group, 

although opportunities to practice skills were similar across groups.  In terms of 

participation, a third of AgOnly women reported attending any other RAIN events as 

compared to 23% of AgNut women. However, the AgNut group received a higher 

average number of seed type and visits from their model farmer.  

TABLE 3.4 Measures of intervention delivery and participation in the AgOnly and 
AgNut treatment arms 

 AgOnly AgNut 

 % responding yes* 

Meeting Quality  

Was the model farmer at last meeting?  95% 98% 

Can you recall your model farmer’s name? 96% 96% 

Was your CHV at the last meeting? 13% 73% 

Do you know your CHVs name? 9% 74% 

Did you cover agricultural topics in your group? 96% 92% 

Did you discuss gender issues in your group? 6% 1% 

Did you discuss nutrition in your group meetings? 53% 81% 

Did you watch any demos during the group 
meetings? 

33% 20% 

Did you have a chance to practice skills during the 
group meetings? 

23% 26% 

Home Visits   

How many times have you been visited by a RAIN 
model farmer in the past year? (mean) 

6.7 8.4 
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How many times have you been visited by a CHV in 
the past year?  

1.0 2.7 

Inputs    

How many types of seeds did you receive? (mean) 13.6 16.9 

How many types of livestock did you receive? 
(mean) 

1.2 1.6 

Participation   

Have you attended any other RAIN events?  30% 23% 

AgOnly = agriculture only arm; AgNut = agriculture + nutrition arm; *all values represent “% 
responding yes” unless otherwise noted 

 

TABLE 3.5 Distribution of beneficiaries by tertiles of intervention participation and delivery 
in AgOnly 

  Participation in AgOnly 
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 Low Medium High 

 n (%) 

Low 48(17) 26 (17) 19 (9) 

Medium 42(15) 52 (15) 54 (18) 

High  5(2) 16 (2) 22 (6) 

AgOnly=agriculture only arm  
 

TABLE 3.6 Distribution of beneficiaries by tertiles of intervention participation and delivery 
in AgNut 

  Participation AgNut 

D
e
liv

e
ry

  
o

f 
A

g
N

u
t  Low Medium High 

 n (%) 

Low 18(7) 16 (7) 9 (4) 

Medium 57(23) 57 (23) 58(24) 

High  6(2) 9 (2) 13(5) 

AgNut=agriculture + nutrition arm 
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Effect on self-efficacy. Few respondents fell into the high fidelity categories for 

AgOnly (n=13) and AgNut (n=22). (Tables 3.5 and 3.6). Nonetheless, we found that for 

both interventions, high fidelity was associated with higher gains in self-efficacy.  The 

high fidelity AgOnly group (n=22) experienced 0.96 standard deviations greater self-

efficacy than their control counterparts, which represents a 0.15 standard deviation 

increase compared to the overall average for all the women randomly allocated to the 

AgOnly group (n=286). The high fidelity AgNut (n=13) experienced 1.10 standard 

deviations more self-efficacy than the control women, representing a sizeable increase 

of 0.35 standard deviations compared to the overall average for all women randomly 

allocated to the AgNut (n=243). We found high-intensity AgNut to be associated with a 

self-efficacy score that is 0.20 standard deviations greater than the high-intensity 

AgOnly group, but this difference was not significant (p = 0.31).  

In order to increase our sample size, we conducted an additional analysis that 

included women with both high and medium levels of participation and delivery. As 

might be expected we found all the same trends, with attenuated effect sizes (Appendix 

C). We also compared high- and low-fidelity groups within each intervention arm. In 

both intervention arms, the high fidelity groups have higher self-efficacy, 0.33 and 035, 

respectively, although the differences are not significant (Appendix D).   

3.5 Discussion  

The purpose of this study was to determine whether a multifaceted gender- and 

nutrition–sensitive home-gardening intervention would improve maternal self-efficacy in 

complementary feeding. We found that, consistent with our hypotheses, the gender-
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sensitive home-gardening intervention indeed improved maternal self-efficacy in 

complementary feeding.  In addition our per-protocol analysis supported the hypothesis 

that women with greater exposure to intervention components experienced additional 

gains to self-efficacy. However, contrary to our hypothesis, the addition of nutrition 

education was not associated with a further improvement in maternal self-efficacy in 

complementary feeding compared to home gardening alone.  

The effects of the agriculture-only intervention on self-efficacy    

Self-efficacy is recognized as having an important role in health behavior change 

from both a theoretical and empirical standpoint. Theories of behavior change place it 

as determinant of present and future behavior (Bandura 1978; Ajzen 1991). Studies in 

high-income countries have substantiated this role with regards to feeding and care 

behaviors (Blyth et al. 2002; Nichols et al. 2009; McCarter-Spaulding and Gore 2009; 

Wilhelm et al. 2008; Teti and Gelfand 1991; Koh et al. 2014). Despite this, self-efficacy 

has seldom been examined in low and middle income countries (Zongrone 2015; C. 

Matare 2015; Robert et al. 2006). 

Caregiver capabilities may be important barriers to child consumption of nutritious 

foods, yet there has been little attention to how these are affected by agricultural 

interventions.  Given the limited evidence of impact in the literature, further attention to 

the pathways that present potential benefits and risks to care-giver capabilities is 

critical. To our knowledge, this is the first time that self-efficacy for complementary 

feeding has been studied in the context of an agricultural intervention. Our findings 

indicate that a gender-sensitive home-gardening intervention that provided women with 

resources and education on how to start a garden in a group setting (AgOnly) 
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significantly and positively impacted their self-efficacy for complementary feeding. Our 

per-protocol analysis accounted for intervention exposure and delivery, which are too 

often assumed, and further showed that women with greater exposure to well delivered 

intervention components experienced additional gains in self-efficacy. Evidence that this 

intervention positively impacted self-efficacy is a contribution to the literature on the 

pathways through which agriculture can impact nutrition. Future studies should further 

investigate the role that self-efficacy plays in predicting child feeding behavior. 

Women’s acquisition of seed, small livestock and control over land is likely the most 

powerful pathway through which this intervention impacted maternal self-efficacy for 

complementary feeding. In the context of Mumbwa, a rural patriarchal setting where 

women’s roles revolve around childcare and agriculture labor but do not extend to asset 

control, empowering women with the ability to directly source appropriate 

complementary foods for their children is plausibly an important contributor to the 

perceived ability to provide care. Potential increases in social support, from a spouse 

and from the group, may contribute to the gains in self-efficacy we observed (Figure 

3.1). In a study of Tonga people in Southern Zambia, Araki found that women 

participated in groups partially for its social and supportive aspects (Araki 2001b). As all 

women participating were pregnant or mothers of young children, vicarious learning and 

verbal encouragement from other group members, established determinants of self-

efficacy (Bandura 1978), may to some extent have contributed to increased confidence 

among women for feeding behaviors. Furthermore, increased support for feeding and 

household chores due to the gender sensitization on these topics may have also helped 

women feel more self-efficacious. Low exposure to gender-messaging, however, may 
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have dampened these potential effects.  Further exploration of these pathways is 

presented elsewhere (Chapter 3). 

The effects of the agriculture-nutrition intervention on self-efficacy    

Surprisingly, the addition of nutrition education had no additional impact on maternal 

self-efficacy in complementary feeding. We hypothesized that the nutrition intervention 

would increase women’s knowledge of complementary feeding practices and also 

create a more supportive environment for them to adopt these behaviors in two ways. 

Firstly, as mentioned above, the women’s group presents the opportunity for sharing of 

experiences and encouragement. We hypothesized that having discussions guided by 

CHVs and deliberately addressing nutrition issues at each meeting would more 

effectively increase self-efficacy for those complementary feeding behaviors. Secondly, 

we postulated that the home-visits, during which CHVs were to counsel women on 

specific feeding behaviors appropriate for their child and encourage fathers to 

participate in child-feeding and care, would further increase the support that women 

received and in turn contribute to improving self-efficacy. Possible explanations for our 

findings are discussed below.  

The most plausible explanation for this negative finding is a ceiling effect with 

regards to the additional services provided by CHVs. In Bangladesh, a nutrition BCC 

campaign alone improved maternal self-efficacy for complementary feeding (Zongrone 

2015). However, in the context of our Zambian evaluation it may be that the resources 

provided by the AgOnly intervention improved self-efficacy to a point where the 

additional education and encouragement provided by CHVs had little potential to 

provide further benefits.  
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Additionally, there may have been less contrast between the AgOnly and AgNut 

interventions than we hypothesized. We originally postulated that sharing of feeding 

experiences among group members could contribute to improving self-efficacy and that 

this pathway would be much greater in the CHV mediated groups because the topic is 

deliberately addressed at each meeting. While most women in the AgNut groups 

reported discussing nutrition in their groups (81%), a majority (53%) of AgOnly women 

did as well. This suggests that group social support may have been a strong pathway 

for both intervention arms, and not just AgNut as hypothesized (Figure 3.1). 

Additionally, CHVs trained by Concern for the purposes of RAIN still served rural health 

clinics, some of which are attended by both AgNut and AgOnly women for ANC and 

growth monitoring. Women of both AgOnly and AgNut may have received similar 

messaging and further lessened the contrast between intervention arms.  

Another consideration in relation to these findings is that education on a topic can 

negatively impact self-efficacy for a behavior. This has been documented in other 

contexts where the quantity and complexity of information about a task and what it 

entails overwhelmed participants making them feel less self-efficacious about the 

behavior. Our intention-to-treat analysis showed slightly and non-significantly lower self-

efficacy in complementary feeding among AgNut women compared to AgOnly. Unlike 

the examples cited, the AgNut intervention was designed to increase women’s 

knowledge and also to provide them with the material means and social support to carry 

out behaviors. However, in light of the limited gender sensitization activities it is possible 

that women who received nutrition education felt less capable of taking on additional 

complementary feeding tasks and more aware of their constraints. When accounting for 



74 
 

the issues with intervention delivery in our per protocol analysis, we observe a positive 

relationship between nutrition education and self-efficacy although it remains 

insignificant. Our interpretation of these findings is that while nutrition education did not 

improve self-efficacy in complementary feeding further, it did not harm it.  

Finally, our assessment of intervention delivery revealed difficulties with respect to 

the integration of nutrition into the agricultural intervention and we speculated that this 

may account for the failure to observe a significant difference between the AgOnly and 

AgNut groups. Specifically, CHV participation in the AgNut intervention was low 

compared to their model farmer counterparts. This is consistent with the difficulty of 

effectively engaging frontline health workers as documented in many contexts, including 

Zambia (Rowe et al. 2005; Zulu et al. 2013). We conducted a per-protocol analysis in an 

attempt to test this explanation by comparing the effects when the intervention was 

delivered as per the protocol.  However, this analysis suggested that, even among the 

high-fidelity groups, nutrition education was not significantly associated with higher self-

efficacy beyond that created by the AgOnly intervention.   

Limitations 

This study has limitations that might have affected our inferences.  First, the sampling 

strategy differed between intervention and control groups. The women sampled for the 

control group may have differed systematically from those represented in the 

intervention group. We controlled for age of the index child and the number of children 

under five in all of our analyses, as these differed between groups, however residual 

confounding remains a potential limitation. 
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Secondly, because our per-protocol analysis only considered women with high 

participation it is vulnerable to self-selection bias. Women who participate more in 

groups may be inherently more self-efficacious women, which would falsely inflate our 

estimates of effect. In order to mitigate self-selection bias, we controlled the number of 

ANC visits a woman received and her distance to the health center as a proxy for 

health-seeking behavior. Our delivery score is not solely a function of participation, but 

also of delivery, which is less vulnerable to self-selection bias. We further controlled for 

age of the child, number of children under five and the number of rooms in a household 

as potential confounders. 

Thirdly, our per-protocol analysis compared beneficiaries of high-intensity 

intervention to the average control respondent. While there exists no high-intensity 

control counterpart available for comparison, it is worth noting that we compared a high-

intensity group to an average group. The sample size in the high-intensity groups was 

also very small, limiting our ability to detect any statistical significance.  

Finally, reverse causality may be of issue given the cross sectional nature of the 

data. We included variables related to maternal health seeking behavior as well as 

household wealth in our per-protocol analysis to control for the fact that, generally, more 

self-efficacious women might be more likely to participate in the intervention.   

Conclusions and Policy Implications 

Understanding the ways in which agricultural interventions can impact care-giver 

capabilities is a priority as the world looks to leverage agriculture to improve nutrition.  

Taken collectively, our results can be distilled to three key messages for policy.   
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1. Empowering women in ways that allow them to access and make decisions over 

household productive resources is key. In Mumbwa, providing women with 

material resources to produce complementary foods and support in a group 

setting, significantly improved maternal self-efficacy for complementary feeding, 

which was not further affected by nutrition education. These findings add to the 

numerous and substantial reasons it is important to invest in women and may 

have implications for interventions in similar rural, patriarchal subsistence 

settings.  

2. In planning nutrition-sensitive interventions, the situation of frontline health 

workers needs to be considered in order to prevent over-burdening. Our 

assessment of intervention delivery revealed difficulties with respect to the 

integration of nutrition BCC into the agricultural intervention because of low CHV 

participation, a broader issue affecting Zambia. Due to the absence of a 

regulating entity, multiple CHV groups, nascent from the organizations than 

engage them, exits and work independently from one another in a single 

community (Zulu et al. 2013; Rasing 2014). Differences in training and 

remuneration contribute to competition between CHVs, who are additionally 

challenged by low recognition from government health facilities, high turnover, 

inadequate supervision and low motivation. Differences in compensation 

between CHVs and model farmers in RAIN against the backdrop of greater 

issues facing CHVs may explain their lower participation.  

At a program level, this speaks to the importance of understanding the 

constraints facing frontline health workers in order to effectively engage. At a 
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national level, this underscores the need for government-led coordination of CHV 

activities and the importance of the recently developed and piloted National 

Community Health Worker Strategy in Zambia(Ministry of Health 2010). The 

delivery of many community health interventions relies heavily on health 

volunteers whose challenges with respect to remuneration, workload and 

coordination are widely documented (The Earth Institute, 2011.). Addressing 

these issues is of particular importance as the pressure to sustainably include 

nutrition into agricultural projects rises on the agenda of development policy and 

organizations.  

3. The assessment of intervention implementation needs to be an integral part of 

program evaluation. Here, the delivery data allowed us to examine effects on a 

proximal outcome (self-efficacy) that have broader implications for nutrition-

agriculture interventions and allowed us to disentangle the intervention as 

designed from the intervention as broadly delivered.  In addition, these data 

created an opportunity for the implementing organization to adjust its operations. 

Thus, in the context of a growing movement towards nutrition-sensitive 

agriculture but an impoverished literature on its effects, it is important for both 

implementing organizations and researchers to assess issues of delivery as part 

of evaluation and to inform design. 
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APPENDIX B 

Rationale behind delivery scores construction 

To create delivery scores three major domains were evaluated: group functionality, input 

receipt and home visit completion. These were weighted 2:1:1. The women’s group was 

the main platform for the delivery of the intervention and as such we included more 

questions related to group functionality. The two other major domains were weighted 

equally. The rationale for each variable inclusion is explained in detail below.  

AgOnly Delivery Score 

1. Meeting Quality  
Small Model Farmer (SMF) attendance. Two measures to assess regular SMF 

attendance were included: beneficiary knowledge of SMF name and SMF attendance at 

last meeting. The original rationale for including beneficiary knowledge of SMF name in 

addition to SMF attendance was to differentiate any women whose SMF was present at 

the last meeting but not on a more regular basis, such that they might not be able to recall 

their name. Generally, few people reported not knowing their SMF name or that their SMF 

was not at the last meeting, however, there was little overlap in those two categories. The 

correlation between these two variables was very low, at 0.07. As such, both variables 

were conserved as part of the assessment of regular SMF presence at meetings, but 

each was scaled to 0.5 so that SMF attendance was not over-represented in the total 

score.  

Topics covered. The question “What activities have you done at the RAIN group 

meetings?” was posed to respondents who could free list up to 5 responses, which the 

enumerator coded as 1 of 18 pre-determined response codes in real time (Table A2). 

From this question we created two variables to assess the whether agricultural and 

gender topics were covered, respectively. Agricultural education and gender training were 

foundational and distinct pieces of the intervention and were accordingly each weighted 

at  

SMF engagement. We created two additional variables from the question “What activities 

have you done at the RAIN group meetings?” to assess whether any demonstrations were 

performed and if respondents had the chance to practice any skills during the meeting, 

respectively. The rationale for including these questions is that the use of demonstrations 

and allotted practicing time is more conducive to learning and may indicate higher SMF 

motivation and performance overall. As these questions relate to the same overall 

construct of teaching style, each was weighted at 0.5.  

2. Inputs received 
Seed receipt. The total number of seed types received was calculated and summed into 

a score ranging from 0 to 20. The responses for this score were normally distributed. We 

maintained the variable as continuous to capture that more seed receipt was indicative of 

better delivery, however scaled the variable to 1. A marginal increase in number of seed 
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types is telling, but not of equal importance in terms of intervention fidelity as, for instance, 

receiving any agricultural information. As such, we maintained the variable weight as 1.  

Livestock receipt. We also assessed whether women received any chickens or goats and 

created a categorical variable that assumed a value of 1 if either had been received. This 

variable has a correlation of 0.55 with the seed receipt. This correlation was largely driven 

by the AgNut group; because of this we decided to include both variables in the score.  

3. Home Visits 
Number of visits. We asked participants to recall the number of home visits performed by 

an SMF in the last year. We originally planned to include a variable assessing the quality 

of the visit by asking “what tasks were performed at the home visit,” but ultimately did not 

because the variable had a large amount of missing data. The number-of-visits variable 

was scaled to two as it became the only metric of home visit domain of intervention 

delivery.   

AgNut Delivery Score 

In addition to all of the metrics above, we additionally assessed the following in order to 

compute the AgNut score. Again, we considered group functionality and home visit 

completion as they related to nutrition.  

1. Community Health Volunteer (CHV) Performance 
CHV attendance. Whether or not the CHV was at the last meeting, and the respondents 

knowledge of the CHVs name were both included as metrics of regular CHV attendance 

for the reasons explained above with regards to SMF attendance.  

2. Topic of Nutrition Covered.   
Topics Covered. From the question “What activities have you done at the RAIN group 

meetings?” to which respondents could free list up to 5 responses, we created a variables 

to assess the whether any nutrition topics were covered. This was weighted at 1.  

3. Home visit completion  
CHV home visits. We used the number of CHV visits participants recalled in the past year 

as our metric of home visit completion. Similarly to the SMF home visit assessment, a 

question asking what activities the CHV had performed at the visit was originally to be 

included in this score, but also had a large amount of missing data and as such was 

excluded. The number of visits was weighted at 2.  
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APPENDIX C 

Per-protocol regression estimates for the effect of treatment arm on self-efficacy using 

medium and high fidelity groups 

 

AgOnly+ vs. 

Control 
AgNut++ vs. Control AgNut++ vs. AgOnly 

 β P 95%CI β P 95%CI β P 95%CI 

Self-efficacy          

High-Medium 

Fidelity Groups 

0.8

0 

0.0

0 

0.5

0 

1.1

1 

0.7

9 

0.0

0 

0.4

7 

1.1

1 
-0.05 0.75 

-

0.39 
0.28 

 

APPENDIX D 

 Regression estimates for the effect of treatment fidelity on self-efficacy in low vs high 

fidelity group in agriculture and agriculture + nutrition treatment arms  

 β P 95%CI 

Self-efficacy    

High vs Low fidelity AgOnly 0.33 0.37 -0.39 1.06 

High vs Low fidelity AgNut 0.47 0.10 -0.97 1.05 
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CHAPTER 4 

SOCIAL SUPPORT AND FOOD SECURITY IMPROVE MATERNAL SELF-

EFFICACY IN COMPLEMENTARY FEEDING IN A NUTRITION-

SENSITIVE AGRICULTURAL INTERVENTION IN RURAL ZAMBIA 

 

4.1 Abstract  

Background. Agricultural interventions, such as home gardening, have had varying 

success in improving nutrition. Such interventions may improve the material 

environments of caregivers but may have little effect, or adverse effects on care 

behaviors, which are recognized as important determinants of child nutrition.  Caregiver 

capabilities, such as self-efficacy, could be important determinants of care behaviors, 

but these have been understudied in this context.  

Objective. We studied the role of social support from a spouse and food security in 

mediating the impact of a gender-sensitive home-gardening intervention on maternal 

self-efficacy for complementary feeding.  

Methods. In a cross-sectional sample of 795 women with children 6-24 mo, we used 

structural equation modelling to conduct path analysis.  

Results. We found that both social support from a spouse and household food security 

mediated the positive effects of the intervention on self-efficacy in complementary 

feeding.   

Conclusion. These results suggest a gender-sensitive home-gardening intervention 

delivered through women’s groups may improve gender dynamics and food security, in 

ways that contribute to maternal self-efficacy for complementary feeding.  
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4.2 Introduction 

Care for children has become widely recognized as an important determinant of 

nutritional status and development.  It encompasses behaviors related to breastfeeding 

and complementary feeding as well as cognitive support and stimulation that contribute 

to the proper development of a child. The complementary feeding period presents 

particular challenges as infants transition from exclusive breastfeeding to a diet 

containing solid foods. This period comprises the majority of the critical 1000 day 

window of opportunity, which is critical for ensuring normal long term development and 

growth (R. E. Black et al. 2013). Recommended complementary practices during this 

period include hygienic preparation, sufficient diversity of food groups, timely and 

responsive feeding as well as ensuring the appropriate consistency of meals (Pan 

American Health Organization 2003).  

Interventions to improve care have largely targeted caregiver knowledge through 

behavior change communication (BCC) counseling. These have been successful in 

contexts where knowledge is the main limiting factor (Penny et al. 2005; Guldan et al. 

2000). However, the literature also points to the shortcomings of BCC in contexts where 

other key resources for care are lacking. In India and Bangladesh, access to 

complementary foods limited the gains from nutrition education (Roy et al. 2005; 

Bhandari et al. 2001). In Bolivia, low social support and severe time constraints were 

limiting factors for ensuring diet diversity and meal frequency (Jones et al. 2012). Social 

and ecological theories underscore the need to also consider factors in the social 
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environment of the caregiver that facilitate or present barriers for care. Here we discuss 

the individual, material and social resources that caregivers need in order to provide 

care.  

Individual Resources for Care 

At an individual level, caregivers need physical health, freedom from mental stress 

and self-efficacy to successfully deliver care (Engle, Menon, and Haddad 1997). 

Physical and mental health have been associated with care behaviors and have been 

recognized as rights for the caregivers themselves. Self-efficacy, however, has received 

little empirical attention despite its established role in behavior change theories. Defined 

as the perceived ability to complete a certain behavior, self-efficacy is discussed at 

three levels:  specific tasks, domains of life and the whole individual. Self-efficacy 

influences the decision to adopt a given behavior and perseverance in the face of 

obstacles (Ajzen 1991). In the global West, domain-specific self-efficacy has been 

positively linked to care behaviors. Australian mothers with higher feeding self-efficacy 

had children with higher vegetable intake (Koh et al. 2014). Self-efficacy in parenting 

and breast-feeding has also been linked with positive care outcomes (Blyth et al. 2002; 

Sanders and Woolley 2005; Barnes and Adamson-Macedo 2007; McCarter-Spaulding 

and Gore 2009). Despite this evidence, caregiver self-efficacy has been largely absent 

from strategies to improve infant and young child feeding practices in the developing 

world (C. Matare 2015; Zongrone 2015; Bégin et al. 1997; Robert et al. 2006). In Peru, 

one of the few studies investigated self-efficacy for complementary feeding found self-

efficacy to be positively associated with intervention exposure (Robert et al. 2006). Self-

efficacy for complementary feeding may be a significant barrier to the adoption of 
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adequate care behaviors but has not been adequately studied in developing contexts.  

 

Material Resources for Care  

The material resources that caregivers have access to also influences their ability to 

feed their children according to guidelines. In particular, access to appropriate and 

diverse complementary foods presents a basic challenge. In subsistence farming 

contexts, where the burden of child malnutrition is highest, the availability of foods 

produced at the household or available for purchase in wet markets is often limited in 

diversity and highly seasonal (Schultink, Van Raaij, and Hautvast 2007; Savy et al. 

2006). Caregiver access to these foods is further governed by intra-household 

allocation. In many developing contexts, women have limited control over household 

income or productive assets, and yet are typically the primary caregivers of children. 

This discrepancy in responsibility and power creates a situation in which accessing 

foods for complementary feeding can be difficult.  

 

Social Resources for Care 

The social environment of caregivers presents an additional layer of challenges and 

opportunities for care.  In traditional patriarchal settings, social norms dictate domestic 

chores, farm labor such as weeding and planting, and childcare as tasks within 

women’s domains. The burden this creates on women’s time is such that any additional 

time dedicated to any one activity detracts from the time available for others. This zero 

sum game is widely documented and presents challenges to women’s ability to provide 
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care (Jones et al. 2012; J and BM. 1989). The extent to which this limits the quality of 

child care depends on the relationships women have with spouses and other household 

members and the positive social support that they receive for these behaviors.  

  

Research Objectives 

The recent interest in nutrition-sensitive home-gardening interventions present an 

opportunity to investigate the influences of material, social and individual factors on the 

quality of child care. Home-gardening has the potential to positively impact care by 

increasing the variety of foods available but, since these interventions typically are 

targeted at women, they may also add to women’s work loads and adversely impact 

care.  This study builds upon our earlier findings that a home gardening intervention 

improved maternal self-efficacy for complementary feeding (Chapter 2). The purpose 

our study was to investigate the pathways through which this occurred. We specifically 

hypothesized that the intervention’s positive effect was mediated by gains in both 

household food security and social support from a spouse.  

 

4.2 Methods 

Setting 

This research took place in rural communities of the Mumbwa district in the Central 

Province of Zambia. Mumbwa is characterized by smallholder farming with low market 

orientation (Siegel 2008). Many households, especially the more remote, depend on 
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their production for part of their subsistence. Maize and groundnuts are the main row 

crops cultivated. Cotton is the major cash crop in the area, though many households 

also engage in wood burning for charcoal. Roughly a third of households report growing 

vegetables of any kind, with rape and tomatoes being the most common. Production 

and diet-diversity are low (Harris, Quabili, and Rawat 2012).  

The predominant people in the area are Tonga with a minority of Ila. Despite the 

Tonga’s documented matrilineal tradition, gender roles are consistent with the 

patriarchal norms observed in many parts of Zambia (Central Statistical Office (CSO) 

[Zambia], Ministry of Health (MOH)[Zambia], and ICF International 2014). Generally, 

men are responsible for physically taxing labor (e.g. ploughing), control household 

income and own household land. Women also provide agricultural labor, traditionally 

planting and weeding, and are responsible for domestic tasks, including household 

cleaning, cooking, fetching water and child care. In the Tonga tradition women are said 

to control the money they earn (Araki 2001b), however women in Zambia have limited 

decision-making power over other household income and assets (Central Statistical 

Office (CSO) [Zambia], Ministry of Health (MOH)[Zambia], and ICF International 2014).  

 

Child undernutrition is high in Zambia. Less than one in six children meet the 

minimum dietary diversity requirements and 42.5% of children under five years of age 

are stunted (Central Statistical Office (CSO) [Zambia], Ministry of Health 

(MOH)[Zambia], and ICF International 2014).  
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Description of Interventions 

This study took place in the context of the Realigning Agriculture for Improved 

Nutrition (RAIN) project conducted in four rural wards of central Zambia by Concern 

Worldwide Zambia (Concern). The aim of the project was to reduce stunting over a four 

year period through the promotion of diverse and year-round home-gardens. All 

pregnant women and women with children under two years of age were eligible to be a 

part of the program. 

The intervention consisted of gardening education and seed and small livestock 

distribution all delivered though women’s groups that met twice a month. A female 

model farmer, selected and trained by Concern, led all meetings and performed home 

visits to check on gardens. In addition to the agricultural support, gender activities were 

mainstreamed into the intervention. Three gender trainings were organized for group 

members and their spouses, for community members at large, and community leaders, 

respectively. The objective was to create awareness of gender norms, and encourage 

men to support women and help with child-care and the garden-work. Gender 

messages also were reinforced during group meetings and home visits. Half the women 

in the intervention sample also received nutrition education during their group meetings 

and home visits, as described further below. Additional detail on the program 

components is presented elsewhere (Chapter 2).  
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Research Design 

The International Food Policy Research Institute (IFPRI) designed a cluster-

randomized trial to evaluate the impact of RAIN on child nutritional status. The unit of 

randomization at baseline was the census survey area (CSA), a geographical area 

defined by the Zambian office of statistics. Within the intervention CSAs, 215 model 

farmers were trained to lead women’s groups. The analysis of the cross sectional data 

presented in this paper rests on the random allocation of the treatment at baseline.  

 All households in the intervention arms received the agricultural and gender 

interventions and half of them additionally received the nutrition education (Figure 4.1). 

The control arm received no intervention, although it is served by a health center, 10 

outreach posts and 12 community health volunteers (CHV) that provide routine growth 

monitoring and antenatal care). A process evaluation was conducted in February of 

2014 and is the data source for this paper. To be eligible women must have had a child 

between 6-24 months of age and reside in the intervention or control wards of the study, 

which were randomized at baseline. The sample size calculation indicated that 250 

observations in each arm would be requisite to detect a 15-percentage point difference 

in child diet diversity with 80% power and an alpha of 0.05. A margin of 5% additional 

households was interviewed to cover missing data in key indicators. Additional 

household were sampled in case of non-response. The sampling strategy is depicted in 

Figure 4.1. 

In the intervention arms, the model farmer was the unit of sampling. Based on 

program monitoring data indicating that each group would have five eligible women, a 

simple random sample of 50 farmers per arm was selected from a list of all model 



102 
 

farmers (n=215). Model farmers provided a list all eligible women in their groups, which 

totaled to 336 in AgOnly and 309 in AgNut. A random sample of 285 women from the 

AgOnly and 267 women from the AgNut group was selected. Previous analysis 

revealed no difference in self-efficacy between these two groups, and they were pooled 

for the purposes of this analysis.  

In the control arm, the CHV was the unit of sampling as there were no model 

farmers. Twelve CHVs served the control ward selected, and a simple random sample 

of seven was selected based on an estimate of 80 eligible women per CHV. CHVs 

created a list of eligible women, which totaled to 305 women. A random sample of 267 

women was selected.  

Of all of the women originally sampled 52 were not interviewed, due to ineligibility 

(n=20), absence (n=28) or refusal (n=4). These women were replaced by a random 

sample of women in the list of remaining eligible women. Additional detail of the 

sampling is provided elsewhere (Chapter 3).  

Ethical approval was sought and obtained for this study and the formative work that 

informed tool development by the Cornell Institutional Review Board and the Humanities 

and Social Sciences Research Ethics Committee of the University of Zambia.  
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Figure 4.1 Sampling strategy 

 
CSA= Census survey area; MF = model farmer; AgNut = Agriculture + Nutrition arm; AgOnly = 
Agriculture only arm; 1random allocation at baseline; 2 random sampling at midline  
  

Theory of Change  

Our theory of change is depicted in Figure 4.2. We hypothesized that the material 

resources provided by the intervention would increase women’s access to 

complementary foods either directly through produce from the garden, or indirectly 

through gains in income from marketing of garden produce. We further hypothesized 

that women would receive higher social support from spouses in the form of verbal 

encouragement and help with child care as a result of gender messaging at trainings, 

home visits and during group meetings. Additionally, we postulated that women would 

receive greater verbal encouragement for complementary feeding from peers in the 

group and community health volunteers. We hypothesized that all these gains in 

support and material resources would contribute to improved self-efficacy for 

complementary feeding. This pathway analysis was informed by formative qualitative 
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work that aimed to understand the determinants of self-efficacy in interviews with 30 

women in the intervention and control area.  

Figure 4.2 Hypothesized pathways through which home-garden interventions impact 
self-efficacy  
 

 

 

1. Assumes partial household consumption; 2. Assumes income is at least partially invested in 
purchase of these products; 3. Assumes that increased support for child care and garden 
offsets time that women must invest in establishing and maintaining the garden; SE = self-
efficacy; CF = complementary feeding  

Data Analysis  

Method of analysis 

Generalized Structural Equation Modeling. Our analysis was conducted using 

structural equation modeling (SEM) in STATA 13.0. SEM allows for the simultaneous 

assessment of multiple mediators, as is depicted in Figure 4.3 and calculates 
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coefficients for each path while accounting for all of the other relationships in the model. 

We used STATA 13’s generalized structural equation modeling (GSEM) command in 

order to model multilevel data, a feature that STATA’s simple SEM command does not 

have. This allows us to correct for the clustered nature of the data, but does not 

calculate fit statistics. Given the highly clustered nature of our data, we deemed the 

precise standard errors provided by the GSEM to be the most robust analysis.  

Figure 4.3 Structural model for treatment effect on self-efficacy in complementary 

feeding as mediation by social support and food security 

 

 

Specific measures included in the theoretical model  

Outcome Variable (Self-Efficacy in Complementary feeding). We used a six-item 

questionnaire to measure self-efficacy in complementary feeding. Questions were 

developed based on previous qualitative work with 30 households across intervention 

and control wards. The details of the tool and its creation are outlined in detail 

elsewhere (Chapter 1; Appendix E).  

Pathways variables (food insecurity). The Household Food Insecurity Access Scale 

(HFIAS) was used as a measure of household’s availability of material resources for 

complementary feeding. This tool was developed and validated by the Food and 
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Nutrition Technical Assistance project and has been used to assess food insecurity 

globally and in the Zambian context (Coates and Bilinsky 2007; Samuels and Rutenberg 

2011). Measures of intervention delivery and member participation were also collected 

as part of the survey.  

Pathways variables (social support) Social support from a spouse was measured 

using eight questions that assessed the extent to which women discuss issues related 

to the allocation of household and productive resources as well as issues of health and 

nutrition with their husbands.  

A total of 10 questions were originally included in the survey to measure social 

support. The first eight questions addressed the extent to which women discuss 

household issues with their husbands. The other two questions asked women if they 

receive help for household chores and garden work and, if so, who this help came from. 

From these two questions, two new categorical variables were generated: spousal help 

with chores and spousal help with a garden. If women reported receiving help, and 

listed their husband as one of up to three people they could specify, they received a 

score of one. If not, they received a score of zero. Both variables ranged from zero to 

two. We hypothesized that two factors would emerge: social support for agricultural 

production and social support for child nutrition and health.  

We ran an exploratory factor analysis to determine if these 10 questions tap into a 

single construct of social support or if more nuanced domains would emerge. We used 

an oblique rotation assuming that social support from one person in different domains 

would be highly correlated. The results, presented in Appendix E, indicate that only one 

latent factor exists and as such a model using only one latent construct, general social 
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support from a spouse, was pursued. This final general social support factor consisted 

of eight questions relating to agricultural production, happenings at home, discussion 

around community activities, personal expenditures, child health, child feeding, maternal 

health and family planning. Questions relating to help with chores and garden work 

respectively, loaded onto a third factor that was not retained because it explained little 

variability (eigenvalue < 1). The Cronbach alpha for the final spousal support score was 

of 0.91.  

4.4 Results 

Characteristics of participants 

Table 4.1 summarizes the characteristics of the randomized clusters at baseline. 

Demographic characteristics appear similar across all groups5. Severe food shortages, 

as measured by the household hunger scale, were rare, though this metric is does not 

capture experienced food insecurity (Ballard et al. 2011).  Most mothers had completed 

primary education, had a BMI in a normal range and were married monogamously.  

 

                                                           
5 Statistical testing was not performed due to inaccessibility of the raw data.  

TABLE 4.1 Characteristics of the randomized clusters at baseline   

 Control 

(n=1041) 

AgOnly  

(n=1025) 

AgNut  

(n=978) 

 mean SD mean SD mean SD 

Households       

Household size 7.3 3.1 6.8 2.8 6.9 2.9 

Children < 5, n 2.1 0.8 1.9 0.8 1.9 0.7 
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1. Score ranges from 0 – 9; 2.Durable asset includes goods that can be used repeatedly for a 
long period. 21 assets including bicycle and mobile phone; AgOnly = agriculture only arm; 
AgNut = agriculture + nutrition arm. 

 

Characteristics of the sample presented in this paper are presented in Table 4.2. 

Women of the intervention arm had significantly older (index) children and more children 

under the age of five. The number of rooms in the household, our proxy for wealth, and 

the prevalence of unmarried women was similar across both groups. As expected, 

women in the intervention group had significantly higher levels of self-efficacy and 

spousal support and the significantly lower levels of household food insecurity. 

TABLE 4.2 Characteristics of sample  

  Control Intervention 

 mean SD mean SD 

Household hunger scale1 0.5 1.2 0.6 1.5 0.6 1.2 

Durable asset count2 8.2 6.9 7.6 6.6 8.2 6.3 

No toilet facility, (%) 14.3  34.3  19.0  

Polygamous HH, (%) 15.6  13.9  15.0  

Female headed HH, (%) 17.5  16.2  16.8  

Mothers       

Age, y 30.7 9.1 30.5 8.5 31.1 21.0 

Education       

None 4.1  5.8  4.6  

Started primary   37.6  36.9  37.5  

Completed primary 32.4  29.8  30.7  

Started secondary  23.4  25.2  23.9  

Completed Secondary 2.2  1.9  3.0  

Married, (%) 84.3  83.0  86.3  

BMI 22.6 3.4 22.5 3.1 22.7 3.0 
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N 230  528  

Married women, (%) 87.27  90.34  

Children < 5, (n) 1.81 0.75 2.16 a 1.16 

Age of index child, (mo) 13.5 5.27 14.71 a 5.14 

Number of rooms, (n)  2.4 1.03 2.38 1.1 

Household Food Insecurity Score + 10.67 5.16 6.24 a 5.34 

Spousal Support score * 3.47 2.19  4.32 a 2.6 

Self-efficacy in complementary 

feeding score** 
3.41 0.5 3.76 a 0.36 

+Score range 0-24; * Score range 0-6; **4-point Likert scale; aDenotes values that differ 

significantly from the control  

 

 

Pathway results  

The intervention significantly improved maternal self-efficacy in complementary 

feeding, both directly (β = 0.53 p<0.001) and indirectly through the hypothesized 

mediators. The intervention was associated with lowered food insecurity (β = -0.81, p = 

0.004) and increased spousal support (β = 0.39; p = 0.012) when compared to the 

control. In turn, the gains in household food security were associated with increases in 

self-efficacy for complementary feeding (β = -0.29, p<0.001) as were the gains in social 

support (β =0.11, p = 0.001) (Table 4.3). We tested the significance of each mediated 

effect, which is the product term of the coefficient of intervention’s effect on the mediator 

and the coefficient of the mediator’s effect on the outcome. Both social support and food 

security emerged as significant mediators of the intervention’s effect on self-efficacy for 

complementary feeing (Table 4.4). Gains in food security accounted for a larger 

proportion of the intervention’s effect, while social support accounted for a small but 

significant proportion.  



110 
 

 

Sensitivity Analyses  

We conducted three sensitivity analyses to test the robustness of our findings.   

Firstly, we conducted the mediation analysis disaggregating the AgOnly and the AgNut 

groups to explore the possibility of differential mediation in two the intervention arms 

(Appendix G).  We found that the mediation pattern was the same in both AgOnly and 

AgNut treatment arms. Household food security and social support both were significant 

mediators of the intervention’s effect in AgOnly, and there remained a significant 

unmediated (direct effect). We found similar results in AgNut, although social support’s 

mediation was only borderline significant (p = 0.059). Issues with delivery of the 

intervention are described in another paper (Chapter 3). When correcting for these in a 

per-protocol analysis, we find that social support is a highly statistically significant 

mediator in AgNut as well (Appendix H). The beta coefficients for all paths were 

comparable to those presented in the pooled analysis.  

Secondly, we conducted our analysis using single-level SEM with quasi-maximum 

likelihood in order to get an assessment of model fit (Appendix I).  This method adjusts 

the standard errors of parameter estimates to account for clustering and provides some 

fit indices, the Standardized Root Mean Square residual (SRMR) and the coefficient of 

determination (COD).  Parameter estimates and p-values were the same as those in our 

presented analysis. This model achieved adequate SRMR but low COD.  

Lastly, we conducted a single-level structural equation model that did not account for 

clustering but provides a full set of fit statistics (Appendix I). Food security was the only 
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highly clustered variable, and therefore was the most vulnerable to poorly estimated 

standard errors. The mediation pattern and beta coefficients in this analysis were similar 

to our presented analysis. There was no difference in the statistical significance in any 

paths or mediators in the models that accounted for clustering and those that did not. 

This model achieved adequate fit according to the confirmatory fit index (CFI), which is 

robust to high sample sizes, but not the Chi-square statistics and room meant square 

error of approximation (RMSEA) (Appendix J). We chose to present the results of the 

GSEM as it accounts for both clustering and non-normal distributions and therefore 

provides the best parameter estimates for our data.  

TABLE 4.3 Intervention effect on self-efficacy for complementary feeding as mediated by 

social support and household food insecurity   

 Intervention vs Control 

 β p-value 95% CI 

Self-efficacy in complementary 

feeding 
    

Intervention arm  0.53 <0.001 0.29 0.77 

Spousal support 0.11 0.001 0.45 0.17 

Household food insecurity -0.29 <0.001 -0.36 -0.21 

Social support     

Intervention arm   0.39 0.012 0.09 0.70 

Household food insecurity     

Intervention arm  -0.81 0.004 -1.36 -0.26 
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TABLE 4.4 Mediated effect of social support and household food insecurity on self-efficacy 

for complementary feeding 

 Intervention vs Control 

 β p-value 95% CI 

Social support 0.04 0.046 0.00 0.08 

Household food insecurity  0.23 0.007 0.06 0.40 

 

 

4.4 Discussion  

The purpose of study was to investigate the pathways through which a gender-

sensitive home-gardening intervention improved maternal sell-efficacy for 

complementary feeding. We found that gains to social support from a spouse and 

household food security both were significant mediators of the intervention’s effect.   

Understanding the set of material and social resources caregivers need in order to 

provide care is critical to improving the uptake of IYCF interventions. Self-efficacy for 

complementary feeding may be an important barrier for behavior change, but is largely 

overlooked in our current theories of change and program design. This gap is of 

particular concern in the context of home-gardening interventions.  These programs 

inherently rely on caregivers to translate gains in food availability into improved 

nutritional status and have shown little discernable impact on child nutritional status. 

Evidence of how these interventions affect psychosocial resources for care, such as 

self-efficacy and social support, is limited. A better understating of care as an 

intermediary pathway linking agriculture to nutrition is a research priority as the world 

increasingly looks to agriculture to solve nutrition problems and key for effective 

program design. Our work contributes to the literature by empirically assessing how a 
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home-gardening intervention impacts social support and food security, two key 

resources for caregivers. Below we discuss three significant implications of this work.  

First, our findings speak to the importance of the broader environment in which care 

occurs and its role in changing a woman’s internal perception of her abilities. Self-

efficacy theory, as originally defined, focuses on the individual because self-efficacy is 

an internal cognition and the tasks studied by those who developed it were highly 

individualistic. However, the extension of self-efficacy to the broader domain of 

complementary feeding, a more complex and socially-embedded set of behaviors, 

requires a shift in thinking. It is necessary to consider the external factors that can 

modify self-efficacy, especially in less individualistic societies and where women 

traditionally have less autonomy. Here, we show that both social support from a spouse 

and household food security positively impacted maternal self-efficacy for 

complementary feeding. This is novel because it demonstrates that self-efficacy is 

modifiable by external social and material factors provided by a home gardening 

intervention. This provides insight into the potential pathways through which home-

gardening interventions may be linked to nutrition. Furthermore, it implies that BCC 

interventions that fail to account for the often unfavorable environments of caregivers 

are inherently limited in their scope.  

Second, our results add to the existing literature suggesting that empowering women 

with access to productive resources is key. Research in many developing contexts has 

shown that women’s access to productive resources is associated with favorable care 

and child health outcomes (Smith et al. 2003; Bhagowalia et al. 2012; Bushamuka et al. 

2005). Home-gardens targeting women have also been shown to increase women’s 
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control over resources directly (D. K. Olney et al. 2009; Talukder et al. 2010; D. K. 

Olney et al. 2016), and indirectly through income generated by marketing of produce 

(Kebebew, Garedew, and Debela 2011; Bushamuka et al. 2005).Our results show that 

the intervention improved household food security, which in turn mediated the greatest 

proportion of the intervention’s effect on self-efficacy in complementary feeding. While 

we used household food security as a metric, the intervention deliberately provided 

women with seed and knowledge through the groups with the intention of improving 

household food supply and, importantly, women’s control over it. The inputs provided by 

the program presented women with an opportunity, likely previously unavailable, to 

choose and plant crops that contributed to household food security and possibly 

income. The newfound autonomy and resources may have contributed to increased 

confidence for complementary feeding. These results echo the guidance to increase 

women’s access to household material resources.  

Lastly, our findings affirm that increasing the support women receive for childcare 

from their spouses is not only feasible through household-centric approaches of gender 

sensitization but it also improves maternal self-efficacy for complementary feeding. As 

we hypothesized, this intervention improved social support women received from their 

spouses. We observed these gains despite the difficulties with the delivery of the 

couple’s gender sessions, and limited reported discussion of gender during group 

meetings (Chapter 3). We attribute this to two factors. First, home visits performed by 

model farmers were used as an opportunity to engage both men and women in 

messaging around labor roles and these were well implemented. Household centric 

approaches to address gender inequality have been shown to be a more successful 
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than traditional message delivery (Farnworth and Munachonga 2013). The Household 

Model, designed in Zambia, brings members of the household together to develop a 

unified vision of welfare and responsibilities for each member accordingly and has been 

linked to more equitable share of workload and greater decision making power among 

women (Bishop-Sambrook, C. and Wonani 2008). In their similarity to the Household 

Model, home-visits in the RAIN intervention may have contributed to gains in spousal 

support beyond those we had hypothesized. Second, participation in women’s groups 

has been positively linked to the ability to broker gender dynamics from within the 

household. In India, women participating in agriculture-centered women’s groups 

reported becoming gate-keepers of agriculture knowledge, such that others solicited 

their advice and their status in society was elevated (DANIDA 2004). In Ethiopia, 

women’s extension groups reported increasing women’s confidence to discuss gender 

within their own households (Mogues et al. 2009). Increased support from within the 

group, as well as increased general confidence may have driven the increased social 

support that women reported receiving from their spouses.  

Spousal support, in turn, was positively associated with self-efficacy for 

complementary feeding. This provides empirical evidence that involving fathers to 

lessen the labor burden that women face is a significant path through which gains from 

an agricultural intervention can positively impact resources for care. Agricultural 

interventions that engage women’s labor can increase the quantity and quality of foods 

available for complementary feeding, but without investment from others in the family 

there is the potential that care practices may actually suffer. In Tanzania, women’s 

participation in farmer field schools was positively associated with food security, 



116 
 

however crops produced by women were sold by other household member (Barrett 

2010). In Kenya, the additional time women dedicated to home-gardens detracted from 

time for child-feeing such that IYCF practices suffered (Kennedy and Cogill 1987).  The 

specific attention to gender and increasing support that women receive from their 

spouses in this agricultural intervention contributed to an overall positive intervention 

impact on maternal self-efficacy for complementary feeding. Our findings build on work 

Kenya that found fathers to be effective peer supporters when included in an IYCF 

behavior change intervention (Thuita et al. 2015) and echo the recommendation to 

involve them in the design of nutrition behavior change interventions.  

Future directions 

Overall, our research showed self-efficacy for complementary feeding was 

modifiable by a home gardening intervention and identified household food security and 

social support from a spouse as mediators of this effect. We also observed a significant 

unmediated (direct) intervention effect. An interesting pathway alluded to in this 

discussion, but unmeasured, is the support women received from peers in the group. 

Future research should investigate the role that the group itself plays in improving self-

efficacy and both material and social resources for care. In addition, a logical extension 

of this research is to examine whether gains in self-efficacy for complementary feeding 

are associated with improvements in behavioral outcomes, such as diet diversity 

(Chapter 5).    

Limitations 
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This study is not without limitations. Firstly, the cross sectional nature of the data 

makes this analysis vulnerable to reverse causality. We partially accounted for this by 

controlling for health seeking behavior, as measured by the number of ANC visits and 

distance to the health center, but the threat still remains. Secondly, the difference in 

sampling between out intervention and control arms introduces the possibility that 

women of the two groups differ systematically from one another. We control for age of 

the index child and number of children under five, as these differed across groups, 

however, residual confounding may still be exist.   

 

4.5 Conclusions 

Understanding the material, social and psychological resources that women need to 

provide care is important for interventions aiming to improve child nutrition. This is 

especially important in the context of the increasing emphasis on agriculture and 

nutrition interventions that present both challenges and opportunities to women’s 

caregiving capacities. We find that self-efficacy for complementary feeding is modified 

by factors in women’s social and physical environment. Specifically increasing access to 

foods as well as improving social support from a spouse both are pathways through 

which home-gardens can improve women’s perceived ability to provide care.  
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APPENDIX E 

  Self-Efficacy Questionnaire and Factor Analysis Loadings with Oblique Rotation  

Tasks Question  

How confident are you that you: 

Factor1 Factor2 Factor3 Uniqueness 

Production  

Overall Can successfully have a garden 

to grow some of the foods that 

your child needs? (overall) 

0.8778 0.0185 -0.009 0.2291 

Access Land Can get a piece of land where 

you could grow vegetables for 

your child’s food? 

0.8541 0.0315 
-

0.0657 
0.2652 

Acquire Seed Can get seed to grow the 

different vegetables that help 

your child grow healthy?  

0.8536 0.1795 0.1128 0.2265 

Create time 

for garden 

maintenance  

Have time to maintain a garden? 0.8018 0.1215 0.0818 0.3356 

Complementary Feeding 

Make 

decisions 

about food 

Can make decisions on what 

foods to feed your child? 
0.4021 0.5177 0.1289 0.5537 

Knowledge of 

appropriate 

foods 

Know the different foods that will 

help your child grow healthy? 
0.2974 0.6507 0.2389 0.431 

Preparation 

(time) 

Have time to prepare all of the 

different foods that will help your 

child grow healthy?  

0.3771 0.4644 0.1972 0.6032 

Introduce 

timely 

Can start to feed your child 

cooked meals at 6 months of 

age? 

0.3732 0.5187 
-

0.0691 
0.5869 

Responsively  Can recognize when your child is 

hungry and full and feed him/her 

slowly and with care? 

0.3259 0.6423 
-

0.0145 
0.481 

Feed diversely  Can feed your child all the 

different foods that will help your 

child grow healthy? 

0.3848 0.5512 0.1476 0.5263 
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Procurement 

Negotiation of 

household 

income 

Can negotiate household income 

to buy the different foods that will 

help your child grow healthy? 

0.4521 0.3197 0.5666 0.3725 

Ability to 

access 

alternative 

income 

Can find money (through credit, 

piecework or other employment) 

to buy the different foods that will 

help your child grow healthy 

when they are not at home? 

0.3049 0.2999 0.6 0.4571 

Overall Can get all the different foods 

that will help your child grow 

healthy when they are not 

available at the household? 

(overall) 

0.3711 0.2422 0.4187 0.6283 

 

 

APPENDIX F 

Social Support Factor Analysis and Factor Loadings for with Oblique Rotation 

 

Do you often, sometimes, never talk with your 

partner or husband about the following subjects: 

Factor 1  Factor 2  Factor 3  Factor 4 

 

Your work activities/agricultural activities? 
0.6927 -0.1078 0.2407 0.0899 

What happens at home? 0.7852 -0.1048 0.2782 -0.0483 

Your expenditures? 0.7399 -0.1334 0.2388 -0.0737 

What happens in your community or area? 0.725 0.0681 0.0482 0.1394 

Your child’s health? 0.8241 0.0671 -0.2007 -0.0177 

Your own health? 0.8498 0.0913 -0.2236 -0.053 

Child feeding? 0.7286 -0.0023 -0.1446 -0.038 

Family planning 0.5748 0.0855 -0.031 0.1689 

Does anyone help you with your chores? If so, 

who? 
-0.0082 0.6547 -0.0262 0.0519 

Does anyone help you with your garden? If so, 

who? 
-0.0058 0.6345 0.0064 -0.0557 
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APPENDIX G 

 Intention-to-Treat Mediation Analysis of Social Support and Household Food Security 

Disaggregated by Arm 

 

 AgOnly vs Control AgNut vs Control AgNut vs AgOnly 

 
β 

p-value  

(95% CI) 
β 

p-value  

(95% CI) 
β 

p-value  

(95% CI) 

Self-efficacy in complementary feeding 

Intervention 

arm  0.46 

0.00  

(-0.11;0.27) 0.38 

0.004 

(0.12;0.65) -0.14 

0.12 

(-0.32;0.36) 

Spousal 

support 0.19 

0.00 

(0.11;-0.27) 0.10 

0.03 

(0.11;0.18) -0.11 

0.36 

(-0.33;0.12) 

Household 

food 

insecurity 

-

0.31 

<0.001 

(-0.39;0.22) -0.38 

<0.001 

(-0.48;-0.28) -0.23 

0.15 

(-0.08;0.54) 

Social support       

Intervention 

arm 0.40 

0.003 

(.14;0.66) 0.28 

0.07 

(-0.02;0.56) 0.05 

0.14 

(-0.02;0.12) 

Household food insecurity 

Intervention 

arm 

-

0.85 

0.001 

(-1.34;0.36) -0.58 

0.03 

(-1.27;-0.48) -0.14 

0.001(-0.22;-

0.06) 

All analyses control for age of the index child and the number of children under 5 in the 

household and clustering  

  



122 
 

APPENDIX H 

 Per Protocol Mediation Analysis of Social Support and Household Food Security Disaggregated 

by Arm 

 

 

High Fidelity AgOnly 

vs Control 

High Fidelity AgNut vs 

Control 

High Fidelity AgNut 

vs High Fidelity 

AgOnly 

 
β 

p-value  

(95% CI) 
β 

p-value  

(95% CI) 
β 

p-value  

(95% CI) 

Self-efficacy in complementary feeding 

Intervention arm  0.27 

0.09 

(-0.46;0.58) 0.34 

0.03 

(0.03;0.65) -0.05 

0.76 (-

0.31;0.16) 

Spousal support 0.20 

<0.001 

(0.09;0.31) 0.18 

0.002 

(0.07;0.29) 0.01 

0.92  

(-0.15;0.17) 

Household food 

insecurity -0.40 

<0.001 

(-0.52;-0.28) -0.46 

0.00  

(-0.58;-0.34) -0.14 

0.12 (-

0.31;0.04) 

Social support       

Intervention arm  0.63 

<0.001 

(0.34;0.92) 0.57 

<0.001 

(0.28;0.86) 0.06 

0.32 

(-0.31;0.43) 

Household food insecurity 

Intervention arm 
-0.84 

0.001 

(-1.42;-0.28) -0.78 

0.004 

 (-1.31;-0.24) 0.03 

0.90 

(-0.47;0.54) 

Analyses control for age of the index child, the number of children under 5, mother’s number of 

antenatal care (ANC) visits, household number of rooms and clustering ; High Fidelity AgOnly n 

= 67; High Fidelity AgNut n = 68  
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APPENDIX I 

Structural Equation Models with and without Corrections for Clustering of the Pooled Intention-

to-Treat Mediation Analysis of Social Support and Household Food Security 

 

 

Intervention vs Control  

(SEM no correction) 

Intervention vs Control  

(SEM cluster with correction) 

 β p 95% CI β p 95% CI 

Self-efficacy in complementary feeding 

Intervention arm  0.48 0.00 0.31 0.65 0.48 0.00 0.27 0.69 

Spousal support 0.19 0.00 0.11 0.27 0.19 0.00 0.11 0.28 

Household food 

insecurity -.31 0.00 -0.40 -0.22 -0.31 0.00 -0.47 -0.15 

Social support         

Intervention arm  0.40 0.00 0.24 0.58 0.41 0.00 0.20 0.61 

Household food insecurity 

Intervention arm -0.89 0.00 -1.06 -0.73 -0.89 0.00 -1.16 -0.62 

 

 

APPENDIX J 

 Fit Statistics for the Structural Equation Models with and without Corrections of the Intention-to-

Treat Mediation Analysis of Social Support and Household Food Security Conducted 

 Chi2 

P-

value df CFI RMSEA 95% CI TLI SRMR CD 

SEM only 5.66 0.017  

0.9

9 0.098 

0.0

3 0.18 0.779 0.017 0.300 

SEM 

cluster -- -- -- -- -- -- -- -- 0.017 0.300 
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CHAPTER 5 

NUTRITION-SENSITIVE AGRICULTURE AND CHILD DIET DIVERSITY 

IN RURAL ZAMBIA: EFFECTS VARY WITH MATERNAL KNOWLEDGE 

AND SELF-EFFICACY IN COMPLEMENTARY FEEDING 

 

5.1 Abstract 

Background. Appropriate complementary feeding (CF) practices, including diverse 

diets, are a critical part of achieving adequate nutrition during the 1,000 days of life. The 

material resources and capabilities that caregivers have in order to provide care are 

important determinants of CF practices, but have not been studied extensively in the 

context of nutrition-sensitive agricultural interventions.  Knowledge and self-efficacy are 

two such resources.  

Objective. We studied the roles of maternal knowledge and self-efficacy in 

complementary feeding in predicting child diet diversity in the context of a gender-

sensitive home-gardening intervention that provided women with the resources to 

create a garden replete in micro-nutrient rich complementary foods. We hypothesized 

that knowledge self-efficacy and access to complementary foods, as provided by the 

intervention, would be the strongest predictor of child diet diversity.  

Methods. We surveyed a cross-sectional sample of 795 women with children 6-24 mo 

survey two years into intervention implementation.  We used multiple linear regression 

to build main effects and interaction models between self-efficacy, knowledge and 

treatment arm.  
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Results. We found a significant three-way interaction between knowledge, self-efficacy 

and treatment arm (p<0.1). This indicates that the triad of self-efficacy, knowledge and 

availability of complementary foods is necessary to most effectively improve child diet 

diversity.  

Conclusion. These results demonstrate that self-efficacy in complementary feeding 

moderates the success of a gender-sensitive home-gardening intervention and 

highlights the need to consider caregiver capabilities in the design and evaluation of 

interventions aimed at improving child nutrition.  

5.2 Introduction  

The period of complementary feeding is a critical time for child growth and 

development. As babies transition from exclusive breastmilk to also consuming solid 

foods, they are particularly vulnerable to growth faltering due to high nutrient needs 

relative to the amount of foods they are able to consume (M. M. Black 2003). Poor diet 

quality during this time creates micronutrient deficiencies that contribute to the high 

prevalence of stunting and its largely irreversible and lifelong downstream 

consequences (Rivera et al. 2003; Martorell, Khan, and Schroeder 1994).   

The World Health Organization (WHO) recommends that children consume at least 

four food groups to meet micronutrient needs (Pan American Health Organization 

2003). Child dietary diversity, defined as the number of food groups consumed in the 

past 24 hours, has been shown to reflect nutrient density of meals (Moursi et al. 2008) 

and is associated with linear growth (Arimond and Ruel 2004). In Zambia, only 22% of 

children 6-23mo of age meet this minimum requirement (Central Statistical Office (CSO) 
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[Zambia], Ministry of Health (MOH)[Zambia], and ICF International 2014). Two major 

factors determining the adequacy of children’s diets are access to appropriate and 

diverse complementary foods and caregiver behaviors.  

Access  

Secure access to appropriate foods refers to both the quantity and quality of foods 

on a year-round basis in order to satisfy energy, macronutrient and micronutrients 

needs.  For many sub-Saharan rural subsistence farming households, access is 

compromised by high seasonal variation and low diversity of food production (Savy et 

al. 2006). On-farm diversity has been positively linked to diet diversity (Jones, Shrinivas, 

and Bezner-Kerr 2014; A. W. Herforth 2011). Many farming households in fact practice 

a mix of subsistence and market-oriented production and consumption, and thus market 

availability of foods and income also influence access (de Janvry & Sadoulet, 2011). 

Caregivers’ access to foods is further nuanced by issues of intra-household allocation. 

In traditional patriarchal settings, women are primarily responsible for child feeding and 

care but have limited decision making power over planting decisions, marketing of 

produce and household income use (World Bank 2012). Both household food insecurity 

and women’s limited autonomy have been linked to poor child diet diversity and 

nutritional status (Smith et al. 2003; Bhagowalia et al. 2012) .  

Care  

In addition to issues of access, caregiver behaviors also influence the adequacy of child 

diets. In order to feed a variety of micronutrient rich foods in a responsive, timely and 

safe fashion, caregivers need a set of capabilities in addition to foods (Matare, 2016 

Zongrone 2015). These include mental and physical health, autonomy, knowledge, 



140 
 

social support, time and self-efficacy (Engle, Menon, & Haddad, 1997, Matare, 2016 

Zongrone 2015.) Knowledge has been the focus of many nutrition-specific interventions 

and is positively linked to child diet diversity in contexts where material resources are 

sufficient (Bhutta et al. 2008). Other caregiver capabilities have been studied to varying 

degrees (Patel, DeSouza, and Rodrigues 2003; Shroff et al. 2011; Frost, Forste, and 

Haas 2005). Self-efficacy, however, remains largely absent from our theories of change 

in international contexts despite its established role in behavioral theory.  

Self-efficacy, defined as the perceived ability to successfully complete a task 

(Bandura 1978), precedes behavioral intention and influences the perseverance to 

complete a behavior in the face of obstacles (Ajzen 1991). Self-efficacy for 

complementary feeding has been positively associated with child health outcomes in the 

global West (Blyth et al. 2002; Sanders and Woolley 2005; Barnes and Adamson-

Macedo 2007; McCarter-Spaulding and Gore 2009) and may limit or enhance the gains 

from knowledge of care practices.  

To our knowledge, only three studies in developing contexts have studied self-

efficacy for complementary feeding (Zongrone 2015; C. Matare 2015; Bégin et al. 

1997), and only one has investigated it’s impact on child diets (Zongrone 2015). In 

Bangladesh, Zongrone et al. also reported that a BCC intervention improved self-

efficacy and increased the introduction of readily available complementary foods. 

However, the intervention did not increase the introduction of appropriate foods that 

were more difficult to access (2015). 
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Home gardens 

Home-gardening interventions have the potential to increase caregiver access to 

appropriate foods directly or through gains in income. These interventions promote the 

year round production of micronutrient rich foods for household consumption, and 

typically target women. Despite their increasing prominence as nutrition-sensitive 

strategies and clear potential, there has been limited evidence of the impact of home-

gardening interventions on child nutrition due to deficiencies in both program and 

evaluation design (M. T. Ruel and Alderman 2013; Berti, Krasevec, and FitzGerald 

2004; Masset, Haddad, and Cornelius 2012; Ceesay et al. 1997). Only one recent study 

has shown positive impacts on child undernutrition (D. K. Olney et al. 2016). Differences 

in maternal knowledge and self-efficacy for complementary feeding behaviors have not 

been studied in the context of these interventions and may represent an unexplored 

pathway in our theoretical understanding of how caregiver behaviors affect child 

nutrition in resource replete and scarce contexts.  

Research Objectives 

The purpose of this study was to investigate the roles of maternal knowledge and 

self-efficacy for complementary feeding on child diet diversity in the context of a study 

that randomized women to a gender-sensitive home-gardening intervention aimed at 

improving access to complementary foods or a control. We hypothesized that the 

benefits of the intervention on child diet diversity would be greatest among women with 

both high self-efficacy and knowledge.  
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5.3 Methods  

Study setting  

This study took place in the Mumbwa district of Zambia’s Central Province, which 

has favorable agro-ecological conditions of rainfall and soil quality (Aregheore 2009). 

The intervention targeted rural wards characterized by smallholder rain-fed agriculture 

and low degree of market orientation (Siegel 2008). Maize and groundnuts are the main 

subsistence crops, cultivated October to May. In addition to maize, cotton and charcoal 

production are sources of income, though remoteness, poor roads and lack of inputs 

limit marketing (Siegel 2008). Roughly a third of households report growing vegetables 

of any kind, with rape and tomatoes being the most common. The mainstay of the diet is 

nshima, a maize porridge, accompanied by a vegetable relish and meat when available.   

Child malnutrition in Zambia is a public health problem. The prevalence of stunting in 

the central province is 42.5% in children under five (Central Statistical Office (CSO) 

[Zambia], Ministry of Health (MOH)[Zambia], and ICF International 2014), with only 

14.7% of breastfed children meeting the minimum dietary diversity requirements. In 

Mumbwa, the baseline evaluation conducted in 2011 revealed similar trends, with 

43.3% of children under five being stunted and only a quarter of children meeting the 

minimum diet diversity requirement (Harris, Quabili, and Rawat 2012).  

Description of Interventions 

This study was part of a larger evaluation of the Realigning Agriculture for Improved 

Nutrition (RAIN) implemented by Concern Worldwide Zambia (Concern) Mumbwa, 

Zambia. The project targeted pregnant women and women with children under two 
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years of age with the aim of intervening in the critical 1,000 day window to reduce the 

prevalence of stunting over a period of four years. Women’s groups were open to all 

women that were pregnant or had a child less than two year old, and met twice and 

discuss gardening practices, receive seed and small livestock. Female model farmers 

selected from the community by peers received agricultural training from Concern to 

lead groups and perform home visits to check on gardens. Gender sensitization 

messages were also delivered at group meetings, home visits, and community drama 

presentations. Half the women in the intervention sample also received nutrition 

education during their group meetings and home visits. Additional detail on the program 

components is presented elsewhere (Chapter 2).  

Sampling design  

The data for this analysis is from the International Food Policy Research Institute’s 

(IFPRI) process evaluation of the RAIN intervention conducted in February of 2014. At 

baseline, clusters were randomly allocated to the treatment arms and the analysis of the 

cross sectional data presented here rests on this random allocation. The unit of 

randomization at baseline was the census survey area (Figure 5.1). All women with a 

child between 6-24 mo and residing in either the treatment or control districts 

randomized at baseline of the study were eligible for the process evaluation presented 

here. A cross-sectional sample of 795 women was selected across the three study arms 

based on a sample size calculation indicating that 250 observations per arm would be 

requisite to detect a 15-point difference in child diet diversity with 80% and at an alpha 

of 0.05. An additional margin of 5% was sampled to cover missing data in key 

indicators. The sampling strategy is depicted in Figure 5.1.  
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In the intervention arms, the model farmer was the unit of sampling. Based on 

program monitoring estimates of the number of eligible women per group, fifty farmers 

per treatment arm were randomly sampled. A list of all eligible women per group was 

complied with model farmers. The final sample included 285 women from the AgOnly 

arm and 243 women from the AgNut arm. A total of 22 women in the AgOnly arm and 9 

women in the AgNut arm originally selected were not interviewed due to ineligibility 

(n=17), absence (n=12) or refusal (n=2).  

In the control arm, the CHV was the unit of sampling as there were no model 

farmers. Twelve CHVs serve the control ward selected, and a simple random sample of 

seven was selected based on an estimate of 80 eligible women per CHV. CHVs were 

supported to create a list of eligible women, which totaled to 305 women. The final 

sample included 267 women. Among women of the control arm, 21 women originally 

sampled were not interviewed due to ineligibility (n=3), absence (n=16), or refusal (n=2). 

The Humanities and Social Sciences Research Ethics Committee of the University 

of Zambia and the Institutional Review Board of Cornell University provided ethical 

approval for this study and the work that informed tool development, respectively.  
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Figure 5.1 Sampling strategy  

 
CSA= Census survey area MF = model farmer; AgNut = Agriculture + Nutrition Intervention arm; 
AgOnly = Agriculture only arm; 1random allocation at baseline; 2 random sampling at midline  

 

Data Collection  

Women were interviewed in Nyanja (n=697) or the language they were most 

comfortable with (n=98) by an enumerator of Palm Research, a longstanding research 

organization based in Lusaka, Zambia. The interview questionnaire covered topics 

related to child feeding practices, health seeking, maternal health, women’s 

empowerment, program delivery and garden adoption. Responses were recorded on 

paper in pre-existing codes. Supervisors checked enumerator entries daily for 

consistency, completeness and accuracy. Thereafter a second supervisor checked a 

random 5% of questionnaires for further review. Any remaining mistakes were 

discussed with corrected and discussed with the team.  

Data analysis  
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Researchers at IFPRI and Cornell cleaned the data and checked for aberrant 

entries. There were a total of 77 missing values across the variables included in our 

model. There were no differences in maternal knowledge, self-efficacy, marital status, 

child age or household size between women with and without missing observations. 

Women with missing data, however, had significantly lower food insecurity and were 

slightly more likely to be in the treatment arm (Appendix K).  As we observed no 

difference that would bias our analyses and the number of missing observations was 

small relative to our sample size (<10%), we used listwise deletion for missing data. We 

checked for the normality of residuals (Appendix L), constant variance (Appendix M) 

and linear relationship to the outcome variable for all continuous variables in the model 

(Appendix N). All assumptions for linear regression were met.  

Independent variable  

Diet diversity. Child diet diversity was calculated from a 24-hour diet recall using the 

WHO child diet diversity score. Enumerators asked mothers to list all of the foods their 

child had consumed in the past 24-hours and categorized responses into 21 food 

groups. These were then collapsed into the seven groups to calculate the child diet 

diversity score: staple grains, legumes, vitamin A rich fruits and vegetables, other fruits 

and vegetables, meats, dairy and oils.  

Dependent Variables 

Self-efficacy for complementary feeding. Self-efficacy was assessed using a six-item 

questionnaire with a four-point Likert response. Questions related to the broader domain 

of complementary feeding and women’s confidence with regards to time for preparation, 
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responsive feeding, knowledge of appropriate foods and timely introduction of 

complementary foods. The development of the tool is described in detail elsewhere 

(Chapter 2).   

Knowledge. We assessed maternal knowledge of appropriate complementary foods 

through two open ended questions. The first question asked mothers how they could 

enrich a baby’s porridge, to which women could provide up to three responses. The 

second question asked women to list appropriate foods for children under 24 mo of age, 

to which they could provide seven responses. Correct responses were recorded as pre-

existing codes or listed as “other” and specified in a different field. All responses labeled 

as “other” were manually categorized as appropriate or not. We created a score, 

ranging from zero to 10, tallying the number of correct responses to these two questions 

women were able to provide.  

Treatment arm. Our treatment variable compared women who were randomized to 

receive any intervention (AgOnly or AgNut) to those of the control group. Analysis of 

intervention delivery in the Ag Nut arm revealed limited delivery of nutrition education 

(Chapter 3), diminishing the contrast between these two arms.  As a result, we pooled 

the two intervention arms.  

Covariates. All models controlled for the age of the index child, the number of 

children in the household under five years of age, the breastfeeding status of the child 

and household wealth, using the number of rooms in the home as a proxy for wealth. 

Statistical Analysis 
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We conducted two mixed-effects linear regressions predicting child diet diversity 

using the xtmixed function in STATA 13.0. First, we modeled the main effects of self-

efficacy in complementary feeding (SECF), knowledge (K) and treatment arm (Arm) on 

child diet diversity [Eq.1]. Second, we modeled the three-way interaction between self-

efficacy, knowledge and treatment arm as predictors of child diet diversity [Eq.2]. It was 

important to include the treatment arm as an interaction term to account for the direct 

impact of the intervention on knowledge and self-efficacy. The three-way interaction 

model allows us to parse out the effect of the intervention on knowledge and self-

efficacy, and then observe the potentially different interaction between knowledge and 

self-efficacy on child diet diversity in a context with low (control) and enhanced 

(intervention) access to appropriate complementary food6. This modeling approach 

allows us to test our hypothesis that the triad between self-efficacy, knowledge and 

access to complementary foods, provided by the intervention, is necessary to observe 

the greatest gains in child diet diversity.  

Each model controlled for a number of covariates (COV) including for the number of 

rooms in a household, the number of children under five years of age in the household 

and the age and breastfeeding status of the index child.  Given the hierarchical 

sampling of our dataset, wards and women’s groups were modeled as random effects.  

[Eq. 1]   CDD = SECF + K + Arm + COV + C + Ei 
[Eq. 2]   CDD = SECF + K + Arm + SECF*Arm*K + COV + C + Ei 

Where C = constant term and Ei = error term  

 

                                                           
6 This methodology is equivalent to doing separate analyses by arm, and looking at the two way interaction 
between knowledge and self-efficacy on child diet diversity (Appendix O). The advantage of the three way 
interaction is that it allows full use of the sample and better estimates of the covariates.  
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5.4 Results  

Characteristics of participants  

At baseline, demographic characteristics across groups appear similar7. The 

average household included approximately seven people, two of which were children 

under five. Most mothers were married, 31 years of age and had completed primary 

education. Access to toilet facilities was high in all groups, though lowest in the 

agriculture arm.  Asset endowment appeared similar across all arms.  

TABLE 5.1 Characteristics of the randomized clusters at baseline   

 Control 

(n=1041) 

AgOnly  

(n=1025) 

AgNut  

(n=978) 

 mean SD mean SD mean SD 

Households       

Household size 7.3 3.1 6.8 2.8 6.9 2.9 

Children < 5, n 2.1 0.8 1.9 0.8 1.9 0.7 

Household hunger scale1 0.5 1.2 0.6 1.5 0.6 1.2 

Durable asset count2 8.2 6.9 7.6 6.6 8.2 6.3 

No toilet facility, (%) 14.3  34.3  19.0  

Polygamous HH, (%) 15.6  13.9  15.0  

Female headed HH, (%) 17.5  16.2  16.8  

Mothers       

Age, y 30.7 9.1 30.5 8.5 31.1 21.0 

Education       

None 4.1  5.8  4.6  

Started primary   37.6  36.9  37.5  

Completed primary 32.4  29.8  30.7  

                                                           
7 Statistical testing was not performed given data was not available.  
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Started secondary  23.4  25.2  23.9  

Completed Secondary 2.2  1.9  3.0  

Married, (%) 84.3  83.0  86.3  

BMI 22.6 3.4 22.5 3.1 22.7 3.0 

1. Score ranges from 0 – 9; 2.Durable asset includes goods that can be used repeatedly for a 
long period. 21 assets including bicycle and mobile phone; AgOnly = agriculture only arm; 
AgNut = agriculture + nutrition arm. Source: IFRPI baseline evaluation. 

 

 

Characteristics of our sample are summarized in Table 5.2. A majority of women 

were married and had high self-efficacy scores. The average household had two 

children under five and an index child of 14mo of age. Women in the treatment arm 

additionally had more children under five, and as might be expected due to intervention 

exposure, lower food insecurity, and higher self-efficacy for complementary feeding. 

TABLE 5.2 Characteristics of sample   

  All Control Treatment  

 Mean SD mean SD mean SD 

N   230  528  

Mothers       

Married, (%) 89.3  87.27  90.34  

Self-efficacy in complementary feeding 

score* 
3.70 0.43 3.41 0.5 3.76 a 0.36 

Overall knowledge score 5.38 1.25 5.12 1.31 5.52 a 1.20 

Knowledge of appropriate foods for a 24 

mo old child, (%) 
      

0-3 food groups 66%   70%   64%   

4-5 foods groups 32%   28%   34%  

>6 foods groups 2%   3%   2%   
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Knowledge of porridge enrichment 

practices 
      

0-1 ways  15%  21%  12%  

2 ways  51%  51%  54%  

3 ways  32%  25%  36%  

Children       

Age of index child, (mo) 14.31 5.21 13.5 5.27 14.71 a 5.14 

Diet diversity score 2.84 1.04 2.84 1.04 3.49 a 1.09 

Household       

Children < 5 2.04 1.05 1.81 0.75 2.16 a 1.16 

Rooms  2.38 1.07 2.4 1.03 2.38 1.1 

Household food insecurity score+ 7.72 5.68 10.67 5.16 6.24 a 5.34 

SD = Standard deviation;*4-point Likert scale; +Score range 0-24; aDenotes values that differ 

significantly from the control 

 

Maternal Knowledge 

The average maternal knowledge score was 5.38. Most mothers knew of at least 

two ways to enrich children’s porridge and could name three foods appropriate for 

children. Fewer mothers could recall more than four food groups, and overall mothers of 

the intervention arm had better knowledge scores. Additional details on maternal 

knowledge are presented in Appendix P. 

Child Diet Diversity  

Across groups, the average child diet diversity was below the minimum 

recommended value of four food groups, though values were significantly higher for 

children in the intervention arm (Table 5.2). Children of the intervention arm were more 
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likely to consume meat, dairy and legumes. The breakdown of each food group 

consumed is presented in Figure 5.3. (Additional detail is presented Appendix Q). 

Figure 5.2 Food groups consumed by children in control and treatment arms  

 

FV = fruits and vegetables.  

 

Simple Regression  

In a simple model with no interactions, we found maternal knowledge and treatment 

arm to significantly predict child diet diversity. Self-efficacy was not a significant 

predictor of diet diversity in this model (Table 5.3). 

Interaction Model  

The three-way interaction between self-efficacy, knowledge and intervention arm 

approached statistical significance (β = 0.27, p = 0.08) (Table 5.3).  

We found that in the intervention arm, the effect of knowledge on child diet diversity 

varied by level of self-efficacy such that women with high self-efficacy and high 
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knowledge had children with the highest diet diversity scores. Figure 5.3 illustrates that 

among women with high knowledge of complementary feeding practices, gains in self-

efficacy translate to additional gains in child diet diversity score. Among women with 

lower knowledge scores, self-efficacy is actually negatively associated with child diet 

diversity. In Figure 5.4 we observe that in the treatment arm, gains in knowledge among 

women with high self-efficacy (+1SD) translates to a significant 1.21 point increase in 

child diet diversity score. In contrast, gains in knowledge among women with low self-

efficacy (-1SD), within this same treatment group, results in a small and non-significant 

0.14 point increase in child diet diversity score. For women with very low levels of self-

efficacy (<2SD), gains in knowledge have no impact on impact on child diet diversity 

though the trend is negative. Additional detail is presented in Appendices R and S. 

In the control arm, we observe no interaction between knowledge and self-efficacy, 

meaning that regardless of knowledge, the relationship between self-efficacy and child 

diet diversity remains the same (Figure 5.3). Figure 5.4 illustrates that the slope of self-

efficacy does not change significantly with different levels of maternal knowledge. 

Modeling the interaction between self-efficacy and child diet diversity within the control 

arm confirms this observation, as the interaction term is non-significant (Table 5.4). 

However, when we remove the interaction term the main effect of self-efficacy emerges 

as (borderline) significant predictor of diet diversity (β = 0.23, p = 0.08). Knowledge is 

not significantly associated with child diet diversity in this model (β = 0.01, p = 0.81). We 

also ran these analyses with the two randomly allocated treatment arms disaggregated 

in intention-to-treat (Appendix T) and per protocol analyses (Appendix U-V) and found 

similar results.   
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TABLE 5.3 Standardized regression coefficients of the effect of self-efficacy in 
complementary feeding, maternal knowledge and treatment arm on child diet 
diversity 

  Main effects model Interaction model 

  
β 

p-
value 

95%CI β 
p-

value 
95%CI 

Knowledge  0.08 0.01 0.02 0.14 0.43 0.29 -0.10 0.13 

Self-efficacy  
-

0.03 0.77 -0.22 0.16 0.77 0.18 
-0.04 0.17 

Arm 0.64 0.03 0.05 1.23 7.19 0.02 0.07 1.06 
SECF*Knowledge     -0.11 0.32 -0.16 0.05 
SECF*Arm     -1.89 0.02 -0.32 -0.02 
Knowledge*Arm      -0.91 0.10 -0.05 0.24 
SECF*Knowledge*A
Arm      0.27 0.08 

-0.01 0.27 

Each model controls for age and breastfeeding status of the index child, the number of children 

under five in the household, the number of rooms in the household. SECF = self-efficacy in 

complementary feeding; 95%CI = 95% confidence interval 

 

Figure 5.3 Mean child diet diversity scores at high and low levels of knowledge and 

self-efficacy for complementary feeding as predicted by the model containing the 

interaction treatment, self-efficacy and knowledge. 

   

Analysis controls for and the covariates age and breastfeeding status of the index child, the 

number of children under five in the household, the number of rooms in the household. SECF = 

self-efficacy in complementary feeding; SD = standard deviation; *significant at a value of p 

<0.05 
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Figure 5.4 Linear prediction of child diet diversity for women with low and high 

knowledge and self-efficacy for complementary feeding as predicted by the interaction 

model between treatment, self-efficacy and knowledge. 

 

Analysis controls for and the covariates age and breastfeeding status of the index child, the 

number of children under five in the household, the number of rooms in the household; SD = 

standard deviation 

 

 

TABLE 5.4 Standardized regression coefficients of the effect of self-efficacy in 
complementary feeding, maternal knowledge on child diet diversity in the 
control arm  

  Main effects model Interaction model  

  β P 95%CI β P 95% CI 

Knowledge  0.01 0.81 -0.08 0.11 -0.01 0.94 -0.13 0.12 
Self-efficacy  0.23 0.08 -0.03 0.49 0.08 0.21 -0.04 0.19 
SECF*Knowledge     -0.07 0.25 -0.19 0.05 

Each model controls for age and breastfeeding status of the index child, the number of children 
under five in the household, the number of rooms in the household. SECF = self-efficacy in 
complementary feeding; 95%CI = 95% confidence interval  
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5.5 Discussion 

The purpose of this study was to examine the relationship between child diet 

diversity, maternal knowledge and self-efficacy for complementary feeding in the 

context of a gender-sensitive home-gardening intervention. We hypothesized that both 

adequate knowledge and high self-efficacy for complementary feeding would be 

necessary to observe the greatest gains to child diet diversity. Our results indicated this 

to be true in the intervention arm, but not in the control arm, where only self-efficacy for 

complementary feeding marginally predicted child diet diversity. 

Understanding the factors that contribute to adequate diet diversity during the 

complementary feeding period is critical to reduce the global burden of stunting. The 

adequacy of child diets depends in large part on their caregivers and the capabilities 

and material resources available to them. Adequate knowledge and self-efficacy are 

important caregiver capabilities, however self-efficacy has been absent from our 

frameworks for understanding child malnutrition in the developing world. Low self-

efficacy may limit the gains of knowledge, but this remains understudied. Our research 

explored the interaction between maternal knowledge and self-efficacy for 

complementary feeding as predictors of child diet diversity in the presence and absence 

of a resource enhancing home gardening intervention to understand the needs of  

caregivers to improve children’s dietary diversity. This work led to three key findings.  

First, in the context of an intervention that increased women’s access to appropriate 

complementary foods, both high self-efficacy and knowledge of appropriate 

complementary feeding practices are needed to observe the greatest gains to child diet 
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diversity. Among women with higher self-efficacy, gains in knowledge improved child 

diet diversity. Among women with lower self-efficacy, however, increases in knowledge 

did not translate to additional gains in child dietary diversity. To our knowledge, this is 

the first study in a developing context to show empirically that both knowledge and self-

efficacy are important for behavior adoption. While the effect of nutrition education and 

maternal knowledge has been studied extensively (Dewey and Adu-Afarwuah 2008), 

the mediating role of self-efficacy is novel. Our interpretation of these findings is that in 

a context where foods are readily available women with high self-efficacy are better able 

to act on knowledge they acquire about appropriate complementary feeding practices. 

However, women with low self-efficacy who do not feel that they are able to take on 

complementary feeding behaviors, do not change their practices with additional 

knowledge. In fact, among women with very low levels of self-efficacy (-2SD) high 

knowledge is negatively associated with child diet diversity, although not significantly.  

It should also be noted that women with high self-efficacy, but lower knowledge of 

appropriate feeding practices had children with lower diet diversity. A possible 

explanation for this finding is that highly self-efficacious women, generally, have a great 

ability to influence their children’s diet in the intervention arm. However, if their 

knowledge is inappropriate, this translates to adverse impacts on diet diversity. Similar 

adverse effects of self-efficacy have been documented ((Vancouver et al. 2002)These 

results illustrate a complex relationship between self-efficacy, knowledge and exposure 

to a gender-sensitive agricultural intervention and highlight the importance of a stratified 

analyses.  
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Second, in the absence of any intervention, knowledge had no impact on diet 

diversity and self-efficacy alone approached significance as a predictor of child diet 

diversity. Knowledge was not a significant predictor of child diet diversity, nor was its 

interaction with self-efficacy. In the absence of an intervention that increased women’s 

access to foods, additional knowledge did not improve child diet diversity as the 

resources to put this knowledge into practice were lacking. This echoes the consensus 

that BCC is effective only in contexts where resources for feeding are available (Bhutta 

et al. 2008). In India and Bangladesh, access to complementary foods limited the gains 

from nutrition education (Roy et al. 2005; Bhandari et al. 2001). In Bolivia, low social 

support and severe time constraints were limiting factors for ensuring diet diversity and 

meal frequency (Jones et al. 2012) 

Women with higher self-efficacy, however, were better able feed a diversity of 

complementary foods in a setting where resources are generally more scare. It appears 

that higher self-efficacy in this context translated to improved ability to access and feed 

foods. Similar observations were made in a study of caregiver resources in Chad, where 

mother’s perceived influence on complementary food choice was found to be most 

highly protective of child height for age in situations of “severe economic stress” (Bégin, 

Frongillo, and Delisle 1999). Furthermore, a study of self-efficacy in Bangladesh 

showed that in the context of a BCC intervention, higher maternal self-efficacy for 

complementary feeding resulted in improved leafy green but not egg consumption in 

children (Zongrone 2015). The authors discuss the relative scarcity and cost of eggs as 

an explanation for this finding.  
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Lastly, the intervention effect on child diet diversity was significantly and 

substantially greater than the effects of knowledge and self-efficacy. This speaks to the 

importance of increasing women’s access to productive resources and the support that 

they receive for child care. The gender-sensitive home-gardening intervention provided 

women with seed and agricultural knowledge to grow foods that were nutritious, and 

also relatively scarce in the community. This direct involvement of women ensured 

greater control over these resources (Araki 2001a) and also created the opportunity for 

income generation.  An earlier study found that this intervention also increased the 

support women received from their spouses (Chapter 4). While internal capabilities of 

the caregiver are important, as evinced by this research, the social and economic 

environment that caregivers live in also influence caregiver behaviors and child diets.  

It should be noted, however, that despite improvements the mean diet diversity 

score in the treatment arm is below the minimum WHO recommendation of four food 

groups.  In the intervention group, only 36% percent of women were able to name more 

than three foods appropriate for children 6-24mo of age. This indicates that while 

knowledge and self-efficacy were improved in the intervention arm, gains in knowledge 

may not have been sufficient. Half of the women in the treatment arm were randomized 

to receive nutrition education, but earlier research found the implementation of 

education to be limited. A similar integrated agriculture nutrition intervention in Burundi, 

highlighted similar difficulties in delivering high quality nutrition education through peer 

educators leading women’s group platforms (D. Olney et al. 2013). Additional nutrition 

education, with varied delivery platforms and more pedagogic approaches may be 

appropriate to improve the implementation of nutrition education and increase 
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knowledge among mothers. A systematic review of complementary feeding 

interventions found pre-tested educational messages delivered through multiple 

channels, including trained health worker and health center staff to be most effective 

(Bhutta et al. 2008). The challenge in integrating agricultural and nutrition interventions, 

however, remains. Further implementation research is needed to understand how to 

most effectively and sustainably integrate nutrition messages into agricultural 

interventions. This is of particular priority as the development agenda shifts towards 

nutrition-sensitive agricultural interventions.   

Strengths and Limitations  

To our knowledge, this is the first study to show that self-efficacy modifies the effect 

of maternal knowledge on child diet diversity in a developing country context. The 

randomized nature of the intervention allowed us to observe this relationship in resource 

replete and scarce settings, and led to the interesting observation that self-efficacy’s 

relationship to diet diversity varied by resource endowment.  

This study is, however, not without limitations. Due to the cross sectional nature of 

our data we cannot ascertain the directionality of relationships between knowledge, self-

efficacy and child diet diversity. Additionally, the within arm analysis loses the strengths 

of a randomized design and therefore may be vulnerable to confounding from 

unobserved variables. Future analyses should consider repeated cross sections to 

assess these relationships in a causal manner.  
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5.6 Conclusion 

In conclusion, we found that both knowledge and self-efficacy are necessary to 

observe maximal gains in child diet diversity in contexts where appropriate 

complementary foods are readily available. Knowledge alone is not sufficient to improve 

diet diversity in contexts where resources are a limiting factor. In these setting, self-

efficacy for complementary feeding may have a positive impact on child diet diversity. 

However, gains to child diet diversity due to maternal knowledge and self-efficacy are 

substantially lower than those due to the bundle of resources provided by a nutrition and 

gender-sensitive home-gardening intervention. This speaks to the importance of 

empowering women with access to productive resources.  
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APPENDIX K 

Characteristics of women with and without missing data 

 
No Missing Missing 

T-

Test/Chi2 

 Mean SD mean SD p-value 

N 718  77   

Intervention arm, (%) 65.32  76.62  0.046 

Mothers      

Married, (%) 89.42  88.31  0.94 

Self-efficacy in complementary 

feeding score* 
3.69 0.44 3.69 0.36 0.061 

Overall knowledge score 5.38 1.25 4.33 0.58 0.07 

Children      

Age of index child, (mo) 14.19  15.48   

Diet diversity score 3.29 1.12 3.13 1.06 0.12 

Breastfed, (%) 84.40  79.22  0.24 

Household      

Children < 5 2.04 1.08 1.99 1.80  

Rooms  2.37 1.07 2.49 1.10  

Household food insecurity score+ 8.12 5.64 4.06 4.61 0.00 

+Score range 0-24; *4-point Likert scale; SD = standard deviation 

 

 

 

 

 

 

 

 



163 
 

APPENDIX L 

Residual Plots for all Variables Explored in Regression Models (normality of residuals 

assumption) 

 

APPENDIX M 

Residual vs Predicted Plots for all Variables Explored in Regression Models (constant 

variance assumption) 
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Appendix N 

Two way scatter plots between regression variables and child diet diversity (linearity 

assumption) 

 
All continuous variables are plotted here to test the assumption of linearity with the outcome 
variable, child diet diversity. We find all relationships to be linear.   
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APPENDIX O 

Effect of self-efficacy in complementary feeding (SECF), knowledge on child diet 

diversity disaggregated by treatment arm 

 

 

SECF= self-efficacy in complementary feeding. Overall: These are the standardized beta 

coefficients for the effects of knowledge, self-efficacy and their interaction on child dietary 

diversity in data that was subset by arm. Each model controls for age and breastfeeding status 

of the index child, the number of children under five in the household, the number of rooms in 

the household. These results are in agreement with those of Model 4, presented in the paper, 

which presents the three way interaction in one full model. Intervention: The interaction 

between self-efficacy approaches significance here. Control: The interaction between self-

efficacy and knowledge is not significant. Self-efficacy is a borderline significant predictor of 

child diet diversity.  

  

 Control (n=230) Intervention (n= 528) 

  Main effects model Interaction model  Main effects model Interaction model  

  
β 

P-value  
(95% CI) 

β 
P-value  

(95% CI) 
β 

P-value  
(95% CI) 

β 
P-value  

(95% CI) 

Knowl
edge  

0.01 
0.81  

(0.08;0.11) 
-0.01 

0.94  
(-0.13;0.12) 

0.11 
0.003 

(0.04;0.20) 
0.12 

0.02 
(0.02;0.22) 

Self-
efficac
y  

0.23 
0.08 

(0.03;0.49) 
0.08 

0.21 
(-0.04;0.19) 

-0.22 
0.094  

(-0.50;0.04) 
-

0.11 
0.07 

(-0.22;0.01) 

SECF*
Knowl
edge 

  -0.07 
0.25 (-

0.19;0.05) 
  0.09 

0.09 
(-0.02;0.19) 
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APPENDIX P 

Maternal knowledge of complementary feeding practices by treatment arm 

 Control Treatment 

Do you know any ways that first foods (e.g. porridges) can 

be made better for babies? 
  

Enriched porridge with breast milk 3% 12% 

Enriched porridge with other kinds of milk 46% 50% 

Enriched porridge with egg 49% 68% 

Use boiled water 0% 4% 

   

Add groundnuts 90% 78% 

Others (free responses)   

Sugar, salt and oil mix 12% 0% 

Soya beans 3% 2% 

Kapenta (small oily fish) 10% 2% 

Oil or butter  4% 1% 

Meat (pounded chicken) 1% 0% 

What foods does a child (6-23mo) need in order to grow 

well and develop? 
  

Nshima/bread/rice/other starchy foods 35.6% 64.29% 

Animal source foods  such as meat or chicken 18.5% 81.5% 

Fish 31.1% 69% 

Eggs 31.2% 68.2% 

Fruits 35.5% 66.5% 

vegetables 35.1% 64.9% 

Milk 35.4% 64.6% 

Peas/beans/nuts (dried, pureed, flour) 36.6% 63.4% 

 



167 
 

 

  

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Enriched
porridge

with breast
milk

Enriched
porridge

with other
kinds of

milk

Enriched
porridge
with egg

Use boiled
water

Add
groundnuts

Kapenta
(small oily

fish)

Oil or
butter

Meat
(pounded
chicken)

Soya beans

%
 o

f 
m

o
th

e
rs

 r
e

sp
o

n
d

in
g 

co
rr

e
cl

ty

Control Arm Treatment Arm



168 
 

Appendix Q 

Child diet diversity by food group 

 
Contr

ol 
Pooled Treatment 

Arms 
AgOnly 

Arm 
AgNut 
Arm 

Staple 98% 99% 99% 100% 

Legumes 12% 19% 19% 19% 

dairy  19% 38% 43% 33% 

Meat  27% 51% 49% 53% 

Vitamin A rich fruits and 
vegetables  

4% 5% 5% 6% 

Other fruits and vegetables  75% 90% 91% 90% 

Oils  49% 47% 46% 47% 
AgOnly = agriculture treatment arm; AgNut = agriculture + nutrition treatment arm  
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APPENDIX R 

The effect of maternal knowledge on child diet diversity at different levels of maternal 

self-efficacy in intervention and control arms  

Overall. We see there is an interaction between knowledge and self-efficacy in the intervention 

arm and not in the control arm Intervention. We see that at high levels of SECF, knowledge 

matters (CI for -3SD/-2SD and +3/2SD knowledge do not overlap). At high levels of self-efficacy 

high knowledge has a positive impact on diet diversity, while low knowledge has a negative 

impact on child diet diversity. At low SECF knowledge does not matter (all CI overlap). However 

the trend is such that at very low self-efficacy, women with high knowledge fair worse in terms of 

child diet diversity. (Data from int*model presented in the paper. Model includes three way 

interaction between knowledge, self-efficacy and arm, and controls for age and breastfeeding 

status of the index child, the number of children under five in the household, the number of 

rooms in the household.) 
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APPENDIX S 

The effect of maternal self-efficacy on child diet diversity at different levels of maternal 

knowledge in intervention and control arms  

 

 

Model includes the main effects of and interaction between treatment, self-efficacy and 

knowledge. Covariates controlled for include age and breastfeeding status of the index child, the 

number of children under five in the household, the number of rooms in the household.
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APPENDIX T 

Effect of self-efficacy in complementary feeding (SECF), knowledge and treatment arm on child diet diversity 

disaggregated (intention to treat analysis 

  
Model 1  

(main effects) 

Model 2 
(SECF and Knowledge 

interaction) 

Model 3  
(SECF and Arm 

interaction) 

Model 4 
(SECF * Knowledge * 

Arm interaction) 

  
β P β P β 

P 
95%CI  

β P 

Knowledge  
0.09 

0.01 
(0.02;0.16) 

0.09 
0.01 

(0.02;0.16) 
0.10 0.01  

(0.02;0.16) 
0.02 0.76  

(-0.11;0.15) 

Self-efficacy  
-0.01 

0.80 (-0.08; 
0.06) 

-
0.01 

0.82 
(-0.08;0.06) 

0.08 -0.13 
(-0.02;0.18) 

0.07 0.23 
(-0.05;0.19) 

Arm         

Agriculture 
0.67 0.03 

(0.07;1.28) 
0.67 0.03 (0.07;1.28) 0.67 0.02 

(0.09;1.22) 
0.67 0.02 

(0.12;1.23) 

Agriculture+Nutrition 
0.45 0.13(-

0.14;1.08) 
0.45 0.13 

(-0.14;1.08) 
0.45 0.1 

(-0.11;1.01) 
0.45 0.11 

 (-0.10;1.01) 

SECF*Knowledge 
  0.01 

0.75 
(-0.06;0.08) 

  -0.06 0.32  
(-0.17;0.05) 

SECF*Arm         

SECF*Agriculture 
  

  
-0.24 0.02 

(-0.43;-0.05) 
-0.24 0.02 

 (-0.44;-0.05) 

SECF*Ag+Nut 
  

  
-0.15 0.09 

(-0.31;0.02) 
-0.13 0.13 

(-0.30;0.04) 

Knowledge*Arm          

SECF*Knowledge*Arm          

SECF*K*Agriculture 
    

  
0.19 0.09 

 (-0.03;0.41) 

SECF*K*Ag+Nut 
    

  
0.13 0.14  

(-0.05;0.30) 
Overall: These are the standardized beta coefficients for the effects of knowledge, self-efficacy, treatment and their interactions on child dietary diversity in the full sample (n=795) with the two intervention arms 

disaggregated. Each model controls for age and breastfeeding status of the index child, the number of children under five in the household, the number of rooms in the household. These results are in 

agreement with those of Model 2, presented in the paper, which pools the two intervention arms. Ag and AgNut: The interaction between self-efficacy approaches significance in both arms but more so in the 

AgOnly (p=0.09) and less so in AgNut (p = 0.14). A possible explanation for the less significant 3-way interaction between the AgNut arm, knowledge and self-efficacy is overall poorer implementation in this 

arm. Women in this arm had lower knowledge and self-efficacy than women of the AgOnly arm.  
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APPENDIX U 

The effect of maternal self-efficacy on child diet diversity at different levels of maternal 

knowledge per protocol 

 

Where matknoz = standard deviations of maternal knowledge. 
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APPENDIX V 

The effect of maternal knowledge on child diet diversity at different levels of self-efficacy per 

protocol 

 

 Where secfz = standard deviations of self-efficacy  
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CHAPTER 6 

CONCLUSIONS AND RECOMMENDATIONS 

 

6.1 Summary of Findings 

The overall purpose of this research was to explore the role of self-efficacy, a 

caregiver capability, as a moderator of an agricultural intervention’s impact on child diet 

diversity. The specific research aims were to understand the impact of a an gender-and 

nutrition-sensitive home-gardening intervention on maternal self-efficacy for 

complementary feeding, the role that social support and food security play in mediating 

this relationship and, finally, the role of self-efficacy and knowledge as predictors of 

child diet diversity.  

Chapter 3 concluded that a gender-sensitive home-gardening intervention that 

provided seed and education to women’s groups improved maternal self-efficacy for 

complementary feeding. The addition of nutrition education provided no further gains to 

self-efficacy, contrary to our hypotheses, even when accounting for differences in 

delivery. This analysis uncovered substantial variation in the implementation of nutrition 

education as reflected in low community health volunteer (CHV) involvement in group 

meetings and home visits. This highlighted the difficulty of implementing integrated 

interventions that leverage existing, and already burdened, health infrastructure.  

The subsequent chapter explored the ways in which the intervention influenced 

self-efficacy for complementary feeding and found that both social support and 

household food security mediated the intervention’s effect. These findings speak to the 

importance of the social and economic environment in which women live, and how 
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these shape women’s own perceptions of their ability. The implication here is that a 

broader appreciation of caregiver environments is key to understand and most 

effectively target caregiver behaviors.  

Chapter 5 assessed the relationship between knowledge, self-efficacy and child 

diet diversity. In line with our hypotheses, our analysis showed the benefits of the 

intervention on child diet diversity were greatest among women with both high self-

efficacy and knowledge. In the control group, only self-efficacy for complementary 

feeding approached significance as a predictor of child diet diversity. In the context of 

an intervention that increased women’s access to material resources for feeding, 

knowledge of appropriate practices could be acted upon as foods were readily 

available. This occurred with greater success among women who also had the self-

efficacy to do so. In the absence of resources to feed children, however, knowledge of 

feeding practices provided little additional gains to diet diversity.  

This work provides the insight that caregiver capabilities indeed can modulate the 

uptake of nutrition-sensitive agricultural interventions. Our findings build on the work of 

others and nudges forward our understanding of the complex ways in which agricultural 

interacts with nutrition.  

 

6.2 Recommendations for Programs  

The integration of agriculture and nutrition has become a new paradigm for 

development. This is evident in the program, research and policy agendas that have 

emerged in the past 10 years (source), notably the Feed the Future Initiative of the US 
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government, the collaborative research program for agriculture and health of the 

Consultative Group for International Agriculture Research (CGIAR) and the second 

Sustainable Development Goal of the United Nations. As the world moves forward with 

integrated agriculture and nutrition interventions, our responsibility as researchers, is to 

inquire into the mechanisms of change and generate evidence that can support and 

guide the efforts of our implementing counterparts.  

This body of work has revealed the need for agricultural programs aiming to 

improve child nutrition to recognize the importance of women’s self-efficacy for care-

giving, and the material and social environments that shape women’s perceptions of 

their abilities and actions. From this work emerges four specific implications for 

programs. 

First, perceived capabilities of the caregiver can influence the uptake of an 

agricultural intervention. Historically, efforts to improve nutrition in developing contexts 

through agriculture focused largely on increasing the availability of calories or income at 

the household level (World Bank 2008). More recently, there has been consensus that 

the types of food produced are of importance as is the behavior of individuals in the 

household (M. T. Ruel and Alderman 2013). Ensuring that women have access to 

household productive resources is recognized as a key pathway linking agriculture to 

positive nutrition outcomes, given the primary role that women in agricultural production 

and childcare (A. Herforth 2012; FAO 2011; World Bank 2008).  

Home-gardening interventions show promise to improve nutrition based on our 

current theories of change. In their traditional design, these interventions encompass 

many of the current guiding principles of nutrition-sensitive agriculture (A. Herforth 
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2012). They aim to improve access to a diversity of foods year-round, and often directly 

target women with productive resources and knowledge. However, home gardens have 

shown little impact on nutrition outcomes (M. T. Ruel and Alderman 2013), and the 

deficiencies may lie in our theories of change.  

Our current frameworks implicitly assume that all caregivers are equally 

equipped to absorb the time demands or behavior changes that our interventions 

require. While access to resources and gender norms are often and rightfully discussed 

as factors that may alter caregiver abilities, internal capacities, such as self-efficacy are 

largely absent from the discussion. This thinking fails to properly acknowledge the full 

complexity of women’s lives and the state and variability of women’s internal 

capabilities. The work reported in this dissertation has shown, however, that self-

efficacy does indeed shape the success of our nutrition interventions. We observed this 

in the context of rural Zambia, where women’s agency is constrained by patriarchal 

norms and the effect of high self-efficacy, therefore, may more readily translate to the 

improvements in child diet diversity we observed in Chapter 5.   

Chapter 5 showed that gains in knowledge and material resources alone did not 

result in optimal adoption of feeding behaviors, but that high self-efficacy was also 

needed. The implication here is that simply delivering resources and knowledge for 

feeding behaviors does not guarantee optimal outcomes. Characteristics of the 

caregiver vary and matter. A woman’s perception of her capabilities influences the 

successful uptake of intervention promoted behaviors and as such should be 

considered in program design. Programs that leverage agriculture to improve nutrition 

should (i) take into consideration the basic self-efficacy of beneficiaries to uptake 
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recommendations for gardening and feeding behaviors and (ii) understand and 

anticipate the ways in which the program changes this cognition.  

Our understanding of how agriculture can improve nutrition has gradually moved 

from larger spheres of the ecological model (e.g. policy) to consider aspects at the 

household and individual levels (e.g. diet composition, household allocation). Each layer 

of understanding provides valuable insight, and the present research has brought into 

focus important aspects of the individual caregiver, notably the self-efficacy for feeding. 

This further enriches our understanding of the agriculture-nutrition linkages and in turn 

can help programs to strengthen their approaches.   

Second, women’s self-efficacy for complementary feeding is influenced by 

factors in their social and economic environments. Both food security and social support 

from a spouse impacted maternal self-efficacy for complementary feeding in our study. 

Agricultural interventions that aim to increase women’s access to nutritious foods 

directly target resource constraints which, in this context, had a positive impact on self-

efficacy for feeding. However, the support that women receive for feeding behaviors 

alongside the many other tasks that fall within their domains of work also influences 

their capacity to provide care. This should not be overlooked. Women in Mumbwa do 

not provide care in isolation. While it is an internal perception, self-efficacy is shaped by 

factors in the social environment that women live in. The people that surround women 

influence the behaviors that they do and do not perform. Efforts to improve nutrition, 

through agriculture and more generally, should include attention to these household 

members. Our research shows that spousal support has a direct impact on maternal 

self-efficacy, but the more active engagement of fathers may also impact child 
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outcomes directly (Mukuria et al. 2016; Martin et al. 2015). Women are primary 

caregivers, but others also participate in childcare. A household model that advocates 

behavior change through the lens of family welfare and includes all members of the 

household, as discussed in Chapter 3, could be of value for program designers.  

Third, this research echoes the already extensive literature that advocates 

empowering women with greater access to productive resources and more equitable 

social standing. The aim of our research was to understand how capabilities integral to 

the individual affect the uptake of a gender- and nutrition-sensitive home-gardening 

intervention. While we found that self-efficacy did indeed improve child diet diversity, the 

magnitude of this effect is eclipsed by the differences in child diet diversity we observed 

between the control and intervention arms. The implication here is that access to 

resources for feeding is a serious constraining factor in Mumbwa, and likely in similar 

rural subsistence sub-Saharan contexts. The extensiveness of agricultural programs 

aiming to improve child nutrition is illustrative of the development communities’ 

consensus on this issue. What is important to stress is that programs addressing 

undernutrition though agriculture should further be gender sensitive. Directly targeting 

women with agricultural inputs is one step but this must be accompanied by efforts to 

shift gender norms such that women continue to exercise control over resources as do 

their spouses and other household members. Elevating women’s status, more broadly, 

is necessary. 

Conversations with women participating in RAIN revealed they felt they had 

become the gatekeepers of new agricultural knowledge. Others, men included, now 

came to them to learn. This illustrates an expansion of women’s gender roles (and 
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status) into a domain traditionally ascribed to men and a shift that advances gender 

equity. Participatory community gender sensitization originally was a piece of this 

intervention’s design, but was implemented with limited success given challenges 

Concern encountered on the ground. The implementation of a multi-faceted intervention 

that targets gender, nutrition and agriculture presents challenges for delivery, as is 

discussed in our final point below, but the need for such programs is clear.  

 Finally, community health worker motivation is integral to the success of 

integrated agriculture and nutrition interventions, assuming health workers are a key 

element of the delivery system. In the context of RAIN, which leveraged existing but 

burdened health infrastructure, this posed significant barriers to the integration of 

nutrition education into the agricultural intervention. In Zambia, as in many other 

developing contexts, the training and remuneration of community health workers is not 

regulated by a single government entity (Zulu et al. 2013; Rasing 2014). As a result 

there exist many different CHV groups that vary in their training, activities and 

remunerations. Competition, limited integration into the formal health system, low 

remuneration and poor training are documented issues that afflict this workforce. CHVs 

trained for RAIN had pre-existing roles in the community and continued to fulfill their 

various responsibilities throughout. While Concern’s intention was to integrate nutrition 

into the intervention sustainability by using local health infrastructure, the differences in 

the remuneration packages they provided to CHVs and model farmer likely exacerbated 

the frustrations of the CHV cadre.  Despite similar responsibilities, CHVs revived less 

compensation and formal recognition in the form of field exhibit days than model 

farmers.  
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Nutrition sensitive programs rely heavily on CHVs to deliver nutrition education 

and as such programs should be sensitive to the issues that afflict this cadre both in the 

design and implementation phases of projects.  Zambia experiences a shortage of 

27,000 skilled health workers, with one doctor for 14,500 people and one nurse per 

1,800 people compared to the 1 in 400 set as a goal by the ministry of health (Gow et 

al. 2011; Ministry of Health 2010). Accompanying policy to strengthen health system 

capacity is needed. The recent development of a national CHV strategy in Zambia is a 

promising development (Ministry of Health 2010). 

6.3 Recommendations for future Research  

The research documenting the pathways of nutrition sensitive agricultural 

interventions is budding but the evidence remains limited, as is our understanding of 

how caregiver capabilities influence the uptake of such interventions. This dissertation 

explored one caregiver capabilities in one context, however, there remains much more 

work to expand our understanding of how agriculture can better serve nutrition. Four 

avenues for future research are discussed below.  

First, a logical extension of this research is to understand other factors that 

contribute to maternal self-efficacy for complementary feeding. Chapter 3 investigated 

the roles of spousal support and household food security, however there may be other 

influential factors. For instance, women’s group may play an influential role in improving 

maternal self-efficacy for complementary feeding.  Self-help groups have been 

documented as vehicles for women to engender change in their communities, save 

money and in some contexts to shift the cultural expectations of women (DANIDA 
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2004). The groups created by the present intervention originally served as platforms for 

information transfer but could have served other functions as well. These groups 

created a space that brought women together regularly around a common issue. 

Relationships between women that arose from group meeting may have increased the 

emotive and instrumental social support that women experienced in ways that were 

unmeasured by this work. It is also possible that these groups gave women a collective 

voice and had a hand in nudging gender norms and creating the gains in spousal 

support observed in Chapter 3. Without formal measurement this is speculative, but 

these paths are plausible and merit further investigation in the future. Insight into this 

will be helpful in determining what pieces of interventions are creating the gains in self-

efficacy and how to best leverage them moving forward.  

The effect of nutrition education alone on self-efficacy also merits further 

research. Analyses presented in this dissertation concluded that nutrition education 

provided no additional gains to the agricultural intervention, contrary to the current 

consensus (Berti, Krasevec, and FitzGerald 2004; M. T. Ruel and Alderman 2013). 

However, the effect of nutrition education alone on self-efficacy cannot be determined 

from our study design. Messaging that is encouraging and informative, in Bangladesh, 

proved effective in increasing maternal self-efficacy for complementary feeding and 

increased the consumption of certain foods. Future research should confirm and build 

upon this in other contexts. Should this hold true, the altering of behavior change 

communication (BCC) messages such they additionally target self-efficacy could be a 

lost cost method of increasing the effectiveness of BCC interventions.  
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Second, future research should examine other caregiver capabilities, beyond 

self-efficacy. This dissertation specifically investigated self-efficacy for complementary 

feeding as a moderator of intervention effect. However, a more holistic understanding of 

how nutrition-sensitive interventions impact resources for care and how these in turn 

impact the uptake of behaviors would provide further insight to the context of agriculture 

and nutrition linkages. Notable among these is maternal depression which has been 

linked to food insecurity (Young et al. 2014) and shown to decrease self-efficacy beliefs.  

The Women’s Empowerment in Agriculture Index, now an indicator of progress for all 

Feed the Future counties, includes a rigorous measurement of autonomy and shows 

promise for future understanding of resources for care.  

Third, more rigorous research design and instruments are needed to advance the 

current knowledge in nutrition-sensitive agriculture.  The consensus among systematic 

reviews of these interventions points to research design as a central weakness of the 

literature. The design of evaluations must be appropriate for causal inference. In our 

work, the sampling strategy used for the process evaluation compromised our ability to 

make strong causal inferences. The sampling differed by intervention arm such that any 

analysis comparing the control and intervention arms is vulnerable to self-selection bias. 

I attempted to address this weakness statistically by controlling for factors that might 

confound relationships (e.g. health seeking behavior), however residual confounding 

may remain. There is also a need for longitudinal studies (repeated cross-sections) in 

order to protect inferences from reverse causality. Statistical controls are possible, but 

there is no substitute for a strong design. Repeated cross sections with random 

sampling of all eligible women and a difference-in-difference analysis would have been 
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the ideal approach in this context. However, this was not possible given funding 

constraints. The issues we faced here are common in the literature evaluating 

agricultural interventions for nutrition, and need to be addressed with better a priori 

research design.   

In addition to design, there is a need for better measurement of exposure and 

outcome variables along a carefully constructed impact pathway. Guided by my 

theoretical framework, I identified social support, knowledge and program delivery as 

important intermediary and contextual variables for our analyses. The quality of these 

assessments, however, was limited by the variables available in the process evaluation 

dataset. These measurements would have benefited from more rigorous construction 

and testing a priori to ensure that the variables accurately reflect meaning we ascribed 

to them. Social support, knowledge and self-efficacy are particularly vulnerable given 

the subjective and complex nature of these constructs. The self-efficacy questionnaire 

was developed based on qualitative interviews and existing instruments (Coleman and 

Karraker 2003; Zongrone 2015), which is a strength. This could have further been 

improved by also conducting cognitive testing interviews with a small sample of 

participants to understand how our questions were being interpreted by respondents, 

and to alter them accordingly. The linkages between agriculture and nutrition are 

complex and interdependent. The disentangling and assessment of individual 

relationships in researching these links is fraught with error. Future research must be 

careful in instrument design so that the inferences we make from our data rest on solid 

foundations.  
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Finally, thinking more broadly about nutrition-sensitive agriculture suggests a 

need to think of how larger scale and more diffuse agricultural intervention, such as 

policy changes and technological innovations, impact the proximate and mediating 

determinants of nutrition, and develop innovative methods to assess this. Home-

gardening can be visualized as existing on the more intensive side of interventions, in 

terms of resources and behavior change, which limits their scalability. Agricultural 

policies and technologies have the potential to exert influence at scale all along the 

value chain, from soil health to value addition, and warrant further evaluation from the 

nutrition research community. The methodologies appropriate for their evaluation will 

differ from the randomized control trial. Insights into how to evaluate these are needed, 

as these changes are pervasive and central to the success of global efforts to realign 

agriculture and nutrition agendas.  
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