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Nutrition-sensitive agriculture (NSA) interventions leverage agriculture to improve 

human nutrition by addressing the underlying determinants of nutrition. Participatory 

agroecology as an approach for agriculture intervention has recently gained momentum. 

Agreocology promotes strategies integrating ecological processes in farm and food system 

management. The approach also emphasizes drawing on indigenous and local knowledge, and 

co-creation of new scientific knowledge. Despite its growing popularity, evidence of the impact 

of participatory agroecological interventions on the welfare of household members, including 

child nutrition, is limited.  

Moreover, NSA interventions are hypothesized to improve nutrition through three 

pathways: food production, agricultural income, and women’s empowerment. However, there 

is both limited understanding on how women’s empowerment can impact child nutrition and 

limited understanding on how NSA interventions can impact women’s empowerment. 

This dissertation therefore aimed to [1] systematically review the evidence of various 

measures of women’s empowerment and child nutrition, [2] evaluate whether a participatory 

agroecological intervention can improve children’s dietary diversity scores through 



 

improvements in sustainable agriculture practices, food security and gender equity, [3] and 

further analyze the impact of SNAP-Tz on various measures of women’s empowerment and 

gender equity using both quantitative and qualitative methods. 

The literature review found that more research is needed to understand the relationship 

between women’s empowerment and child nutrition. The research should involve primary data 

collection, specify the pathway between women’s empowerment and child nutrition examined, 

and take phase of lifecycle into consideration.  

The evaluation found that a participatory agroecological intervention is effective in 

improving children’s dietary diversity through improvements in crop diversity, food security, 

and gender equity. Specifically, the project promoted greater men’s involvement in household 

chores and childcare and decreased prevalence of domestic violence experienced by women, 

and improved women’s mental health. 

 Engaging both men and women and having messages geared toward gender equity 

communicated by fellow African farmers, especially within discussions of food security and 

nutrition, were crucial to the project’s impacts on gender equity. The study points to a model 

that successfully leverages agriculture and gender equity to improve child’s diet in rural East 

African communities. 
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CHAPTER 1 

Introduction 

The structure of the global food system is complex and faces interconnected challenges 

relating to agricultural sustainability, food security, and nutrition. Smallholder farming 

households in Sub-Saharan Africa and South Asia are particularly vulnerable to these 

challenges. They experience significant food insecurity and malnutrition while producing the 

majority of the food supply in those regions [1]. There are an estimated 500 million smallholder 

farming households in the world [2] who manage more than 80% of the farmland in Asia and 

Africa [3], produce 80 percent of the food supply in developing countries [2], and support 1.5 

billion people [4]. However, most are unable to grow enough to feed their households 

throughout the year. As a result, smallholder farmers make up about three quarters of the 

world’s hungry [3,5]. 

The linkages between agriculture, food security, and undernutrition, especially amongst 

small-holder farmers, have led to a heightened interest in nutrition-sensitive agriculture (NSA) 

interventions, which leverage agriculture to improve human nutrition through food-based 

approaches including diversification, fortification, and nutrition education. The aim is to 

improve the underlying determinants of nutrition, including poverty, food insecurity, and 

scarcity of access to adequate care resources [6,7]. The Sustainable Development Goals (SDGs) 

recognize these linkages, as evidenced by the grouping of targets under Goal 2 to “end hunger, 

achieve food security and improve nutrition, and promote sustainable agriculture.” Nutrition-

sensitive approaches are necessary complement to nutrition-specific interventions, those that 
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address immediate determinants of nutrition, which even if implemented at scale, would only 

address 21% of global targets for improving nutrition [8]. A recent systematic review found that 

typical NSA interventions include promotion of biofortified crops, homestead food production, 

irrigation, livestock, or value chains [7]. The review also found that most interventions reported 

an impact on production and household member’s dietary diversity.  

Participatory agroecology is an approach in agriculture interventions that has recently 

gained momentum [9,10]. Agroecology is a set of strategies that integrates ecological processes 

in farm and food system management [11]. The approach has been found to increase farm 

productivity, help with yield stability, and lower the need for external agricultural inputs, 

which is posited to improve food security while decreasing contribution to and increasing 

resilience against environmental degradation [12–18]. Participatory agroecology promotes these 

as principles instead of rules or recipes since it also emphasizes drawing on indigenous and 

local knowledge, and co-creation of new scientific knowledge through its participatory 

approach [10,19]. Instead of being reliant on a set of technologies and practices as developed by 

topical experts, participants--armed by their existing place-based knowledge, experience ,and 

the results of their own experimentation--actively innovate and select which technologies and 

practices to be used, and share these experiences with others [19]. Proponents of this approach 

also highlight the importance of agricultural interventions to address primary food production 

systems [20].  

Despite its growing popularity, evidence of the impact of participatory agroecological 

interventions on the welfare of household members, including child nutrition, is limited. A 
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synthesis examining 31 initiatives promoting organic and resource-conserving agriculture in 

Africa and Latin America found it impossible to reach conclusions on the effectiveness of these 

approaches due to small sample, selection bias, and inconsistent methods [21]. The synthesis 

also found that measures of household welfare beyond agriculture yields, such as food security, 

were only measured in 8 of the 31 initiatives. A study in Malawi used propensity score 

matching to analyze impact of a participatory agroecological intervention in Malawi and found 

them to be effective in improving food security and household wealth [22].  

Women’s empowerment in NSA interventions 

NSA interventions are hypothesized to improve nutrition through three pathways: food 

production, agricultural income, and women’s empowerment [23]. The latter is defined as a 

process by which a woman achieves agency to make decisions [24,25]. Improvement in food 

production and agricultural income is hypothesized to improve child nutrition by increasing 

household resources (e.g. food, money) and the availability of and price of healthy foods in the 

local market [26], while women’s empowerment is expected to ensure allocation of these 

resources towards child nutrition [27]. Of these three, the women’s empowerment pathway is 

the least understood. 

First, there is limited understanding on how women’s empowerment can impact child 

nutrition. Gender inequality theoretically impairs child nutrition by limiting childcare to the 

woman, while simultaneously weakening her control in various domains. Prior reviews on this 

topic have highlighted the difficulties in interpreting results because of the diversity of 

indicators and categorizations of empowerment. These reviews recommend further work to 
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classify the various women’s empowerment measures and how they differentially relate to 

child nutrition [28], and to elucidate how the relationship between women’s empowerment and 

child nutrition differs by regions and age of participants [28–30]. A 2018 systematic review on 

NSA interventions also highlighted the need to understand which domains of empowerment 

are most salient for child nutrition [7].  

Second, there is limited understanding on how NSA interventions can impact women’s 

empowerment. In the 2018 systematic review of NSAs, only two interventions reported the 

program’s impact on women’s empowerment. NSA interventions are expected to impact 

women’s empowerment through three proposed mechanisms: (a) promoting women’s 

bargaining power by increasing her own income through provisions of agricultural assets and 

training, (b) promotion of gender equality and women’s empowerment in behavior change 

communication (BCC) packages, and (c) increased social capital from the formation of small 

groups [31]. Provision of assets was seen as the easiest to accomplish [26].; however, this 

approach, without addressing the underlying oppressive gender role (of childcare as woman’s 

role), might further reinforce the stereotype that childcare is women’s responsibility, and be 

detrimental to women’s time burden and mental health. [32,33] 

Participatory agroecology offers an alternative approach to address gender inequity. 

This include ‘gender-transformative’ strategies such as small group discussions of child 

nutrition that include men, and explicit discussions of gendered decision-making and tasks in 

agriculture during training, at community events, and one-on-one visits [34–38]. However, 

evidence on the impact of participatory agriculture interventions on women’s empowerment is 
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still limited. Studies on this relationship have been mostly qualitative [20,39,40]. Various impact 

evaluations have hypothesized and discussed the importance of women’s empowerment as a 

pathway between the intervention to a child’s diet, but did not collect or show data on domains 

of women’s empowerment [41,42].  

Dissertation aims 

My dissertation research aimed to help address the need for (a) evidence of the impact 

of participatory agroecological interventions on child nutrition, (b) further understanding on 

how women’s empowerment can impact child nutrition, and (c) further understanding on how 

nutrition-sensitive agriculture can affect women’s empowerment. I did so by conducting a 

systematic literature review on various measures of women’s empowerment and child nutrition 

and by managing the evaluation of the Singida Nutrition and Agroecology Project (SNAP-Tz) in 

Singida, Tanzania. SNAP-Tz is a 30-month cluster randomized effectiveness trial designed to 

test whether a participatory agroecological intervention can improve children’s dietary 

diversity score through improvements in sustainable agriculture practices, food security, and 

gender equity. The project enrolled 25-30 households each from 20 villages (n=598). Details of 

this study are described in more detail in in the methods sections of relevant papers and in 

Appendix A.  

This dissertation is divided into five chapters. Chapter 2 is the systematic review, which 

is useful not only to address the need for evidence between women’s empowerment and child 

nutrition (challenge b), but also to inform our understanding of women’s empowerment in the 

project evaluation (challenge c). Specifically, in chapter 2, I [1] systematically parsed the many 
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ways that women’s empowerment has been measured in the context of child nutrition using a 

theoretically-driven application of dimensions and domains of empowerment, [2] summarized 

evidence for each of the various pathways between women’s empowerment and child nutrition, 

based on dimensions and domains of empowerment, and [3] offered suggestions for future 

research to better articulate the relationship between women’s empowerment and child 

nutrition.  

In Chapter 3, I add to the evidence base of the impact of participatory agroecological 

interventions on child nutrition (challenge a). This chapter is a quantitative evaluation on the 

primary results of the SNAP-Tz i.e. whether a participatory agroecological intervention can 

improve children’s dietary diversity scores. I also analyzed the project’s impact on pathway 

variables such as sustainable agriculture practices, food security, and some measures of 

women’s empowerment.  

In Chapter 4, I used both quantitative and qualitative methods to further analyze the 

impact of SNAP-Tz on various measures of women’s empowerment and gender equity. I 

include indicators of women’s empowerment in time allocation, material allocation, production 

decisions, mobility and social capital, domestic violence, and mental health. For gender equity, I 

expanded the conversation to include men. This chapter addresses the need for further evidence 

of NSA interventions on women’s empowerment.  

Finally, Chapter 5 summarizes the main findings across my dissertation, outlines the 

next steps for this research, and concludes with implications for researchers and policymakers 

interested in leveraging agriculture and women’s empowerment for child nutrition.  
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CHAPTER 2 

What is the role of women’s empowerment in child nutrition outcomes? A 

systematic review 

 

Marianne V Santoso1, Rachel Bezner Kerr2, John Hoddinott1, Priya Garigipati3, Sophia Olmos3, 

Sera L Young3,4 

[1] Division of Nutritional Sciences, Cornell University; [2] Department of Development 

Sociology, Cornell University; [3] Department of Anthropology, Northwestern University; 

[4] Institute of Policy Research, Northwestern University 

 

* A version of this manuscript has been accepted for publication in the journal Advances in 

Nutrition.  
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ABSTRACT 

Women's empowerment has gained attention as a critical element for child nutrition in 

the first 1000 days of life. However, the ways in which various women’s empowerment 

measures are applied and the evidence for how they are differentially related to child nutrition 

is unclear. We, therefore, [1] systematically parse the many ways that women’s empowerment 

has been quantitatively measured in the context of child nutrition using a theoretically-driven 

application of dimensions and domains of empowerment, [2] summarize evidence for each of 

the various pathways between women’s empowerment and child nutrition, based on 

dimensions and domains of empowerment, and [3] offer suggestions for future research to 

better articulate the relationship between women’s empowerment and child nutrition. A search 

of evidence yielded 62 quantitative studies using 200 unique indicators of women’s 

empowerment tested in 1316 associations with various child nutrition outcomes. Despite the 

high number of unique indicators, indicators for time resource allocation and reproductive 

decisions, indicators of the achievements dimension, and indicators for men’s engagement in 

childcare and nutrition, all pertinent to child nutrition were missing. Overall, findings indicated 

an inconclusive relationship between women’s empowerment and child nutrition: 379 out of 

461 (82% weighted) and 217 out of 258 (84% weighted) associations found with stunting and 

wasting outcomes, respectively, were not significant. The current lack of evidence is likely not 

due to the absence of an underlying relationship between women’s empowerment and child 

nutrition, but rather limitations in study design. Future research should carefully select 

women’s empowerment indicators in context-specific ways, aggregate them meaningfully, and 
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use a longitudinal study design to conduct pathway and lifecycle analysis in appropriate 

populations to clarify the relationship between women’s empowerment and child nutrition.  

Keywords: gender equity; systematic review; nutrition-sensitive; empowerment; infant and 

young child feeding 

INTRODUCTION 

Women’s empowerment, the expansion in women’s ability to make strategic life choices 

[24], is of intrinsic value. As such, efforts to improve the status of women globally are of first-

order importance. Additionally, women’s empowerment is of instrumental value; it is one 

means by which societies can improve other important welfare outcomes e.g. child nutrition, 

particularly in the first 1000 days of life. Consistent with this argument, the United Nations’ 

Scaling-Up Nutrition initiative emphasizes the importance of empowering women and girls in 

national efforts to scale up nutrition [43]. Moreover, nutrition-sensitive interventions aimed at 

improving the position of women have the potential to be a powerful means of improving child 

nutrition outcomes [44].  

Three peer-reviewed reviews, published in 2015 and 2016, explored aspects of the 

relationship between quantitative measures of women's empowerment and child nutrition and 

contributed significantly to the knowledge in this arena. Carlson et al. were the first to look at 

this connection in 2015 and analyze women's autonomy, one specific dimension of 

empowerment, and child nutritional status [28]. Cunningham et al. (2015) focused on the 

association between women’s empowerment and child nutrition outcomes in South Asia [29]. 

Pratley (2016) provided a more comprehensive summary of the role of women's empowerment 



 

10 

 

on various maternal and child health outcomes, including nutritional status in low and middle-

income countries [30]. All three concluded that women's empowerment was generally 

associated with child nutrition, but they also pointed out difficulties in interpreting results 

because of the various indicators and categorizations of empowerment. Much has been written 

on the role of women’s empowerment since these reviews.  

In this paper, we updated the state of the evidence and advance prior analyses on this 

topic in several ways by following several suggestions from the previous reviews to classify the 

various women’s empowerment measures and how they differentially relate to child nutrition 

[28] and to elucidate how the relationship between women’s empowerment and child nutrition 

differs by regions and age of participants [28–30]. Specifically, our three objectives were to [1] 

systematically parse the many ways that women’s empowerment has been measured in the 

context of child nutrition using a theoretically-driven application of dimensions and domains of 

empowerment, [2] summarize quantitative evidence for each of the various pathways between 

women’s empowerment and child nutrition, based on dimensions and domains of 

empowerment, and [3] offer suggestions for future research to better articulate the relationship 

between women’s empowerment and child nutrition.  

WOMEN'S EMPOWERMENT AND ITS INDICATORS 

While many definitions of women’s empowerment have been proposed, there is 

currently no one standardized, operable definition of women’s empowerment. However, most 

of those definitions can be summarized as the process by which a woman achieves agency. 

Agency is “what a person is free to do and achieve in pursuit of whatever goals or values he or 
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she regards as important” [45]. This decision-making sometimes happens through navigating 

relational and societal dynamics through processes such as negotiation and manipulation 

[24,46]. The second concept in these definitions is process, which emphasizes a change from one 

state (gender inequity) to another (gender equity) over time [47]. Various works on women’s 

empowerment emphasize women's active involvement in this process and the related 

psychological change [e.g., gain in self-efficacy) that occurs [24,47–50]. 

Categorizing women’s empowerment indicators 

Such a conceptualization allows for a wide array of operationalization for women’s 

empowerment. This partly explains the difficulty in measuring women’s empowerment. To 

begin to understand the typology of various women’s empowerment indicators, Kabeer 

proposed categorizing indicators of women’s empowerment into three dimensions along the 

process of empowerment: resources, agency, and achievements [24]. "Resources," also called "pre-

conditions" [24] or “opportunity structures” [51], are the material, human, and social resources 

and institutional environments that would allow one to make a decision [47]. Examples of 

common indicators of women's empowerment that would fall within this dimension include 

women's education, social capital, and asset ownership. "Agency" captures critical thinking 

skills and the ability to make independent decisions [52,53]. Typical measures describing this 

dimension evaluate whether women can make various types of decisions. Lastly, 

“Achievements” are the manifestations of the exercise of agency. Measures of achievements 

might include increased labor market participation, intolerance of domestic violence, and 

parental time available for childcare. Even though this dimension classification might indicate 
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that women’s empowerment is a linear process, It is essential to remember it instead happens 

through a complex interaction among these dimensions and is context-specific [24].  

Indicators of these three dimensions of empowerment can also be found for various 

domains of a woman’s life. Empowerment in one domain does not ensure empowerment in 

another [24,45,47,49] and therefore empowerment in one domain might be easier to attain than 

in other domains [47]. For example, a woman may not be empowered to make decisions about 

her reproductive health but may be empowered at the national legal or political level because 

she has the right to vote [49,54]. Moreover, the importance of each domain of empowerment is 

context-specific [55,56]. Mobility agency, i.e., freedom to visit the market alone, is a standard 

indicator of agency in South Asia but does not denote empowerment in most settings in many 

parts of East Africa, where it is expected that women go to the market [57–63].  

Determining the appropriate level of aggregation of a women’s empowerment domain, 

however, is a challenge. In analyses, researchers need to be sure that their categorization of a 

domain takes all relevant indicators into account [47,49,64,65] while avoiding masking 

differential contributions of specific indicators of empowerment [66]. Various work has 

proposed categorization of these domains. Alkire proposed: sexuality, marriage, childbearing, 

and the exercise of reproductive rights; making decisions in the family; participation in labor, 

land, and financial markets; and, engagement with collective action and politics [49]. Malhotra 

categorized these domains as decision-making, socio-familial, and legal [47], while others group 

them as control of household resources and assets, decision-making capabilities, position in 

society, and knowledge level, among many others [61,67–70].
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Fig 2.1: Proposed pathways between groups of indicators of women's empowerment and impacts on child nutrition in the first 1,000 

days and beyond.
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Links between women’s empowerment and child nutrition 

Due to the lack of consensus on how one should categorize the various women’s 

empowerment indicators, we discuss them here based on how they could affect child nutrition. 

Our understanding of the relationship between women’s empowerment and child nutrition 

(Fig. 2.1) is heavily based on the UNICEF framework for child nutrition [71], especially as 

modified by Engle et. al. in their work on the concepts and measurements of care in nutrition 

[68], and the various work on intrahousehold resource allocation [70,72,73]. Our conceptual 

framework also emphasizes that since women’s level of power can change over time, 

empowerment in one domain does not guarantee empowerment in another, and empowerment 

in one domain could differentially impact child’s nutrition. Therefore, it is important to consider 

the stage of lifecycle involved in an analysis.  

The first group of indicators [A] involved a woman’s ability to access resources for her 

household such as those over a woman’s mobility, access to information, or agency over 

agricultural decisions. Women with higher mobility, for example, might have easier access to 

various resources for a household, which might be good for child nutrition. A woman’s ability 

to join groups in her village might lead her to participate in a lending and savings group, 

increasing the availability of cash for her household. Similarly, women having more equal say 

in crop decision-making are associated with higher levels of technical ability in farming [74] and 

better household food security [75–77].  

The second group of indicators [B] involved allocation of household resources for child 

nutrition. Since most work on the relationship between women’s empowerment and child 
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nutrition is focused on this group of indicators, we broke them down into 4 sub-groups. The 

first, and most commonly analyzed, sub-group is material resource allocation [e.g., money, 

food) [B1]. Evidence shows that as women’s decision-making power in resource allocation 

increases, more resources are allocated to child health and nutrition. Cash controlled by women 

is more likely to be used to purchase food [72,78] and health care [79,80] for children of the 

household than those controlled by men, and this results in a higher positive influence on 

household-level calorie availability and health outcomes [81–87]. Examples of indicators in this 

sub-group include women’s role in decision-making about household’s income, food use, and 

on what to purchase.  

Another sub-group concerns women having more say on the allocation of her and other 

household members’ time [B2]. Women having less say on time allocation might lead to 

unequal task allocation within the household, which can lead to women compromising the 

amount of time they allotted for childcare and rest, especially during pregnancy, with 

detrimental impacts on child nutrition [68,88]. For example, Johnston et. al. found that the 

increased time women spent on agricultural labor might partly explain the lack of evidence of 

the impact of agriculture on child nutrition [89]. Example indicators of this sub-group include 

parental time spent on childcare or other household chores.  

The next sub-group of indicators pertains to women’s decision-making about child’s 

care and health [B3]. The assumption is that women who can make decisions in this topic would 

ensure prevention and treatment of child’s illnesses, which would be enacted through decisions 

on material [B1] and time [B2] resource allocation. The interpretations of these indicators are 
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less straightforward because scoring high in these indicators could instead be due to assignment 

of child care as solely women’s responsibilities in the community rather than an increase in 

women’s control of resources to address their child’s illness. Indicators in this sub-group 

include questions on who decides whether a child is breastfed or what to do when child is sick.  

The last sub-group of resource allocation indicators are about whether women can 

determine the activities [i.e., exercise, rest, socialization, health care) and material resources [i.e., 

quality food) that are optimal for their own health and nutrition status. Maternal nutritional 

status across the life course is crucial for child nutritional status at birth and reduces the risk of 

fetal and infant mortality, intra-uterine growth retardation, low birth weight and premature 

birth, poor brain development, and risk of infection [90,91]. Postpartum, women's physical 

health also influences the ability to provide food and care for children [68]. Maternal mental 

health is crucial for proper child feeding, hygiene, and health-seeking behaviors [92]. For 

example, maternal depression has been shown to be associated with breastfeeding duration 

[93], child illness [92], impaired growth, slowed cognitive development, and child psychosocial 

health [94]. 

The last group of indicators [C] are related to reproductive decisions. An increase in 

women’s decision-making power in this topic is associated with increased contraceptive use 

[62,95–99], which helps decrease high-risk pregnancies, i.e., those occurring among adolescents 

or due to insufficient birth intervals; both of which are associated with poor birth outcomes 

[100–105]. High parity can also influence child nutrition through various mechanisms such as 
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insufficient maternal nutrient stores for pregnancy, suboptimal breastfeeding related to 

subsequent pregnancy, and household resource competition [106].  

There are three important ideas to keep in mind when considering these pathways. First 

is that all of these pathways rely on the assumption that there are sufficient available resources 

in the community (to be accessed, for indicator group A) and household (to be allocated, for 

indicator group B) in the first place [107]. Secondly, most of these pathways also rely on the 

assumption that women make decisions that are optimal for child nutrition. This is where 

ensuring appropriate nutrition knowledge fits into this pathway. Currently, the evidence seems 

to indicate that women, when given the opportunity, make better decisions about child care and 

nutrition than men. We suggest this is due to the assignment of childcare as a woman’s task in 

many communities in the world. Lastly, it is important to note that all the pathways described 

above can also operate by engaging other individuals [e.g., husband) within households in 

childcare activities [32,108–111]. For example, increasing available healthy foods for children in 

the household can be achieved by increasing women’s ability to decide which food to buy or by 

men buying healthy foods. Similarly, improving quality of child care can be achieved by men 

engaging in activities traditionally assigned to women, such as childcare and household chores.  

METHODS 

Search  

The keywords women, power, child, nutrition, and their synonyms (Table 2.1) Error! R

eference source not found.were searched in PubMed, EconLit, SocIndex, CAB Abstracts, 

GenderWatch, POPLINE, Sociological Abstracts, and Web of Science. Searches were conducted 
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twice: initially in August 2016 and an update in September 2017. All studies were downloaded 

into Mendeley, a reference management software. Duplicate references were eliminated. To 

ensure breadth, references of the included studies were hand searched and screened for 

inclusion. PRISMA Checklist can be found in Sup. Table 2.3. 

Table 2.1: Search term used in this systematic review of the relationship between women’s 

empowerment and child nutrition outcomes 

((woman OR female 

OR gender NOT 

identity) 

AND *equality OR *equity OR 

agency OR autonomy OR 

"Decision making" OR 

power OR empowerment 

OR bargaining)) 

OR  ("household decision 

making" OR "household 

division of task" OR 

"household division of 

labor" OR "women's time 

use") 

AND 

 (child OR infant OR 

infants OR infancy 

OR baby OR babies 

OR newborn* OR 

neonat* OR toddler* 

OR pre*school 

AND nutrition OR nutritional OR anthropomet* OR micronutrient* 

OR malnutrition OR malnourished OR wasting OR wasted OR 

stunting OR stunted OR underweight OR growth OR weight 

OR height OR breastfeeding OR "complementary feeding" OR 

"dietary diversity" OR "meal frequency" OR "infant and young 

child feeding" OR health) 

 

Screening 

A multistep screening process was conducted (Fig. 2.2). Titles and abstracts of search 

results were screened by five reviewers (PG, SO, EU for the 2016 search results, CB, EU, AB for 

the 2017 search results). At the beginning of each round of screening, 10% of articles were 

screened by at least two reviewers. The team discussed and reconciled any discrepancies in the 

selection of documents before continuing with the screening process. A similar process was 

conducted for the screening of full texts.  
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Eligibility criteria 

Studies were excluded if they did not include women's empowerment as an exposure 

indicator of interest and child nutrition as the outcome indicator of interest. Studies that only 

looked at women’s education, women’s employment, and gender of household head were not 

included because they might impact child nutrition through various pathways other than 

decision-making within a household. Child nutrition outcomes included various child 

anthropometry and infant and young child feeding indicators.  

Both peer-reviewed and gray literature were included. Specifically, the following 

formats were included: journal articles, research studies, evaluations, dissertations, reports, and 

working papers. Conference proceedings without the full paper published online were 

excluded, as were opinions, reviews, editorials, newspaper articles, forms of popular media and 

any other articles not presenting original research. We also excluded articles that only looked at 

women's empowerment measures at the national level such as the number of women in 

parliament or those that did not include quantitative analysis between women’s empowerment 

and child nutrition. No restrictions were made regarding the language of publications, 

publication dates, study setting, or sample size.  

Risk of bias assessment and quality appraisal 

We performed two levels of risk of bias assessment and quality appraisal (Sup. Table 

2.5). To assess the risk of bias, we used National Heart, Lung, and Blood Institute’s study 

quality assessment tools for observational cohort and cross-sectional studies [112]. Study quality 

was assessed by reviewers using the form (MVS, SO, or CB), and 20% of the documents were 
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subjected to independent quality control by a second reviewer. Disagreements were resolved by 

discussion and, if necessary, by arbitration involving a third reviewer. Studies ranked ‘poor’ 

were then excluded from the review. To further narrow down selection criteria among 

observational studies, a Childcare and Early Education Research Connections (CCEERC) 

quality score for quantitative observational studies was also assigned to each study [113]. The 

CCEERC score ranges from -11 to 11; following CCEERC guidelines, all studies that scored 0 or 

a negative score on the scale were excluded from further review.  

Analysis 

Using a standardized table in Microsoft Excel, three reviewers (MVS, SO, JR) extracted 

and aggregated data on population characteristics (sample size, children’s age, residence), study 

characteristics (study design, data source, study field of authors), control variables, and 

definitions of women’s empowerment. For each association between women’s empowerment 

and child nutrition, two reviewers (MVS, JR) recorded the indicator for women’s 

empowerment, the indicator for child nutrition, effect size, and statistical significance. These 

associations were also categorized as statistically significantly positive, statistically significantly 

negative, or statistically non-significant. Significance was defined at p<0.05.  

The empowerment indicators were then categorized to the appropriate dimensions and 

groups. Indicators encompassing multiple domains were indicated as such [multiple]. An 

example of one such indicator was the popular Women's Empowerment in Agriculture Index 

[114] which includes indicators on accessing resources for household (group membership, 

production decision) and material (income use decision), and time resource allocation (time use) 
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in various dimensions. Another set of indicators that encompassed multiple domains contained 

questions regarding attitude towards domestic violence, as these tend to cover various 

situations. A question about whether a husband is justified in beating his wife if their child is 

sick falls under the childcare sub-group of resource allocation [B3], while a question about the 

justification of a wife being beaten if she goes somewhere without asking is under the accessing 

resources group of indicators [A].  

Child nutrition outcomes were defined as measures of child growth. They were reported 

as categorical variables (whether the child is stunted, wasted, or underweight) or continuous 

(height-for-age z-score, weight-for-height Z-score, and weight-for-age z-score). Even though we 

also extracted data on underweight children, interpretation of this nutritional status indicator 

was not clear, and therefore, we only included their results in the Sup. materials.  

We also extracted data on two important proximate determinants of child nutritional 

status: child’s diet and child’s illness. For child’s diet, we included infant and young child 

feeding indicators as defined by UNICEF [115]. Breastfeeding behaviors included early initiation 

of breastfeeding, exclusive breastfeeding up to 6 months of age, and duration of any 

breastfeeding. Complementary feeding behaviors included measures of dietary diversity, meal 

frequency, and the combination of the two as a measure for a minimally adequate diet. For 

indicators of child illness, we included any measures of child illness, child vaccination, and if the 

child received treatment when ill.  

Since the number of associations presented varied widely from one study to another, we 

present results in both simple counts of associations and weighted average to avoid 
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overemphasizing results for any specific studies. The weighted average is the number of 

associations between each dimension and group of a women’s empowerment indicator and a 

nutrition outcome multiplied by the inverse of number associations presented in a study. 

Furthermore, we presented the minimum, maximum, mean, and median of the various 

associations found. This was to indicate a sense of the magnitude of these relationships and is 

not meant to be interpreted as the result of a meta-analysis since the absence of uniformity in 

empowerment indicators make meta-analyses impossible. Finally, we conducted these analyses 

stratified by age group of participating children (<2 years old vs. <5 years old), region of 

participants (South Asia vs. Sub-Saharan Africa), whether a study controlled for pathway 

variables, data source (primary vs. secondary), and whether a study was a published journal 

article (vs. gray literature).  

RESULTS 

Search results 

The initial search yielded 41,533 studies; these were pared down to 262 studies after title 

and abstract screening (Fig. 2.2). After full-text review, 62 studies were deemed eligible, 26 of 

which had not been included in the three previous reviews on this topic.  
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Fig. 2.2: PRISMA flowchart of studies reviewed in this systematic review of the relationship 

between women’s empowerment and child nutrition outcome 

Study characteristics 

Notable characteristics of the 62 studies included in this review are in Table 2.1; detailed 

characteristics of each study are available as a Sup. (Sup. Table 2.1). We found many similarities 

between the included studies. Firstly, all studies were cross-sectional, with three studies 

collecting repeated cross-sectional data. Even though no restrictions were made for languages, 

all 62 studies selected were in English. Two-thirds (68%) of studies were secondary analyses of 

available data sets, with 27% using data from Demographic Health Surveys (DHS) from various 

countries and 18% using the Indian National Family and Health Survey (NFHS). Most papers 

presented data from South Asia (56%) or Sub-Saharan Africa (42%). Few studies included data 
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for children younger than two years old (23%). Half (50%) of the studies controlled for what 

could be considered as a pathway variable between women’s empowerment and child 

nutrition. For example, when looking at the relationship of women’s decision-making and 

height-for-age z-score, Abate et al. [116] controlled for whether a child is receiving optimal 

feeding. Multiple studies controlled for maternal health [117–119]. 

Dimensions and domains of women’s empowerment indicators 

Across the 62 studies of women’s empowerment, 200 unique indicators of 

empowerment were identified (Table 2.2, details on Sup. Table 2.2). There was no 

predominantly used indicator – the most commonly used was only used in seven studies. This 

high number of unique indicators, however, tended to occupy similar dimensions and domains. 

Most indicators identified were categorized under the dimensions of resources and agency and 

were about accessing resources [group A] and material resource allocation [group B1]. On the 

other hand, only five studies used indicators for the time resource allocation [B2] and only three 

studies looked at the empowerment in reproduction [group C]. Similarly, only 14 studies used 

indicators capturing the achievement dimension of women’s empowerment.  

Relationships between women’s empowerment and child nutrition 

We identified 1316 associations between women’s empowerment indicators and the 

various child nutrition measures. Of those, 227 (36% weighted) reported associations were 

statistically significant positive associations. While this is more than the 34 negative associations 

observed (2% weighted), the majority (1,055 associations, 62% weighted) were not statistically 
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significant, which indicates an overall limited evidence for impact of women’s empowerment 

on various child nutrition outcomes.  

Table 2.2: Characteristics of studies that met inclusion criteria for assessment between relationship 

between women’s empowerment and child nutrition (n=62 studies) 

 No. of 

studies 

  No. of 

studies 

Region a, b   Data source b  

South Asia 35  Demographic & Health Surveys  17 

Sub-Saharan Africa 
26 

 Indian National Family Health 

Survey 
11 

Latin America & the Caribbean 9  Other secondary data sources 14 

Middle East & North Africa 2  Baseline survey of interventions 5 

East Asia and Pacific 2  Primary data collection 16 

     

Residence   Year of publication  

Rural 26  1996 - 1998 3 

Urban 2  1999 - 2002 2 

Both 34  2003 – 2006 8 

   2007 – 2010  17 

Maximum age of child   2011 – 2013 16 

Two years old 14  2014 – 2017 16 

Older than two years old 45    

Unclear 3  Publication type  

   Journal article 50 

Study design   Gray literature 12 

Cross-sectional 59    

Repeated cross-sectional 3  Controlling for pathway variables 31 

a region classification according to World Bank; b some studies might have multiple
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Table 2.3: Types of indicators of women’s empowerment found in the studies reviewed by dimensions of empowerment [24] 

Group of 
indicators 

Example 
domains 

Dimension of Empowerment 

Resources Agency Achievements Multiple 

Accessing 
resources for 
households 
[A] 

Information   Access to media [120,121]  

Agriculture  Agriculture decision [122–
125] 

  

Mobility and 
social support 

Group membership [122–
124,126–128] 

Leadership in groups 
[122,124,129] 

Mobility decision 
[128,130–134] 

Decision to stay visit 
family / friends 
[117,131,135,136] 

If women receive social 
support [127,137] 

Women’s mobility 
[133,138,139] 

Index on mobility [140] 

Credit  Credit decision making 
[122,124,126] 

Access to credit [141]  

Allocating 
resources 
within 
household 

[B1] Material 
allocation 

Women’s share of income 
[142,143] 

Difference in income with 
spouse [144] 

Women’s asset ownership 
[122,124–126,142,145–
147] 

Food allocation decision 
making 
[131,136,138,139,147–
149] 

Money allocation decision 
making 
[116,117,119,120,122–
124,132,135,136,147,150
–153]  

 

Mother can spend money 
as needed [128,141] 

Index on money allocation 
power [154] 

[B2] 
Time 
allocation 

  Women’s time use [122–
124] 

Male involvement in 
household work [128] 

 

[B3] 
Child care 

 Child care decision 
[132,133,136,155] 

 Father’s involvement in 
child care index [116] 
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Table 2.3: Types of indicators of women’s empowerment found in the studies reviewed by dimensions of empowerment [24] 

Group of 
indicators 

Example 
domains 

Dimension of Empowerment 

Resources Agency Achievements Multiple 

[B4] 
Parent care 

 Decision on own health 
care 
[117,119,131,135,136,147
,151,156,156–158] 

Mobility to accessing own 
health care [119,159] 

Feeling empowered 
[128,141,160] 

Life satisfaction [126] 

 

[C] Repro-
duction 
decisions 

 Domestic violence 
attitude, sexual [161] 

Family planning decision 
[116] 

Decision on when to have 
sex [153] 

Experience of sexual 
domestic violence [162] 

 

Multiple  Age at first marriage  
[116,120,140,144,155,163
] 

Age difference [140,144]  

Education difference [144] 
[140,161] 

Domestic violence attitude 
score 
[133,140,144,150,153,154
,162,164] 

Multiple decisions 
[116,121,128,134,140,144
,146,152,154,158,165–
176] 

 

 

Experience of domestic 
violence  
[133,138,139,144,162,177
,178] 

Controlling behaviors 
[158,178] 

Any domestic violence 
experience [158] 

Gender parity gap of 
WEAI [123,125] 

Maternal capabilities index 
[160] 

Women’s empowerment in 
Agriculture Index [122–
126] 

Other 
[128,139,139,148,179–
181] 
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Women’s empowerment and child nutritional status 

Women’s empowerment and stunting 

We identified 461 associations from 39 studies, and of those, 70 associations (20% 

weighted) were positively statistically significant while 12 associations (3% weighted) were 

negatively significant (Fig. 2.3). This proportion is observed across most dimensions and 

indicator groups for which there are enough studies, such as domains of accessing resources 

[group A], material resource allocation [group B1], and aggregate indexes [group D]. Few 

studies looked at indicators of time resource allocation [B2] and childcare [B3].  

 

Fig. 2.3: Proportion of associations displayed in papers between women’s empowerment 

measures and stunting outcome (n=39 studies). 

The effect sizes for these associations were also small. Out of 307 associations with 

height-for-age z-score, 186 (36% weighted) were between -0.10 and 0.10 standard deviations. 

Out of 146 associations with stunting, 76 (60% weighted) had an odds ratio between 0.9 and 

1.11. Stratified analysis (Sup. Fig. 2.2) found that positive associations were more likely to be 
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found in studies using primary data than those using secondary data sources and in studies that 

did not control for pathway variables. We also found that very few studies for this relationship 

were available for children under two years old.  

Women’s empowerment and wasting 

 

Fig. 2.4: Proportion of associations displayed in papers between women’s empowerment 

measures and wasting outcomes (n=22 studies).  

We also examined the 258 associations from 22 studies examining the relationship 

between women’s empowerment and wasting outcomes as an indicator of acute malnutrition 

i.e. wasting. Of those associations, only 34 associations (33% weighted) were positively 

statistically significant, and 7 (2% weighted) were negatively significant (Fig. 2.4). Overall, there 

were fewer indicators tested against this outcome, with most studies only looking at indicators 

of material allocation domain and indicators for multiple domains. The high proportion of 

significant relationships with this outcome was between indicators encompassing multiple 
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dimensions and domains, and it is driven by three studies that only report one to three 

relationships and therefore were weighted more [167,179,180].  

Most of the effect sizes were also small: 135 out of 201 of effects (41% weighted) on 

weight-for-height z-score were between -0. 10 and 0. 10 standard deviations and 15 out of 24 

effects on wasting were odds ratio between 0. 9 and 1. 11. We also saw from the robustness 

check (Sup. Fig. 2.3) that very few studies looking at this outcome were done in South Asia. 

Results from underweight indicators can be found in Sup. Fig. 2.1. 

Women’s empowerment and proximate determinants 

Infant and young child feeding 

Few studies investigated the relationship between women’s empowerment and infant 

and young child feeding practices. We found seven studies that examined breastfeeding 

outcomes (Fig. 2.5), and most of the associations tested are with indicators from resources 

dimensions. From said studies, 46 associations were tested with only 5 (13% weighted) found to 

be positively significant and another 5 (10% weighted) to be negatively significant. The average 

effect size of women’s empowerment on the duration of breastfeeding was less than half a day, 

and the geometric average odds ratio of the effect of various women’s empowerment measures 

on exclusive breastfeeding was 0.99.  

Ten included studies looked at complementary feeding outcomes (Fig. 2.6). From the 163 

associations tested, 25 (32% weighted) were positively significant, and 8 (5% weighted) were 

negatively significant. For both outcomes, studies tended to use indicators that would 

encompass multiple domains or multiple dimensions. The average effect size of women’s 
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empowerment on dietary diversity score was 0.04 food groups, while the average effect size on 

meal frequency was only 0.01 times a day. 

 

Fig. 2.5: Proportion of associations displayed in studies between women’s empowerment 

measures and breastfeeding outcomes (n=7 studies).  

 

Fig. 2.6: Proportion of associations displayed in studies between women’s empowerment 

measures and complementary feeding outcomes (n=10 studies). 
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Health inputs 

We found three studies looking at the relationship of various women’s empowerment 

measures with various illnesses in children (Fig. 2.7) and 14 studies on the relationship with 

health care use (Fig. 2.8), including vaccination, ANC attendance, and health care access when a 

child is sick. The proportion of a positive statistically significant relationship with illness and 

health care use were 18 out 26 (67% weighted) and 25 out of 48 (62% weighted), respectively. 

The average odds ratio of the effect of various women’s empowerment measures on various 

measures on illness and various health care use measures were 1.44 and 1.13, respectively. 

 

Fig. 2.7: Number of associations displayed in studies between women’s empowerment 

measures and illness outcomes (n=3 studies).  
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Fig. 2.8: Number of associations displayed in studies between women’s empowerment 

measures and health care outcomes (n=8 studies).  

 

DISCUSSION 

In this paper, we reviewed 62 studies of the relationship between women’s 

empowerment and nutrition. We found that the women’s empowerment indicators used in 

these studies were inconsistent and limited in scope and that strength of the relationship 

between women’s empowerment and child nutrition was often overstated. Below, we elaborate 

on each of these areas to achieve our stated objectives. 

Objective 1: Parse and critically review indicators 

We found two seemingly contradictory problems with indicators currently used in 

studies examining the relationship between women’s empowerment and child nutrition. On the 

one hand, we found a huge variation (200 unique indicators) which made comparing multiple 

studies difficult, a problem identified by previous reviews (7–9). This variation was due to the 
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variety in aggregation and operationalization of women's empowerment indicators. For 

example, some studies that include indicators of the agency dimension of empowerment 

include joint decision-making [99,116,117,119,120,136,151,157,162,174,175,182–184], while others 

only count women making a final decision as a sign of empowerment [167,185,186]. Another 

example is the variety of questions asked within an indicator. When looking at the material 

resource allocation domain, various indicators may or may not include women’s decision-

making power on money used for any of the following: large purchases, food purchases, daily 

purchases, medicine, clothes, toiletries, and so on. 

On the other hand, we found that the current literature is still lacking studies using 

indicators in dimensions and domains relevant to child nutrition such as indicators on time 

resource allocation and reproduction, indicators of the achievement dimension, and indicators 

for men’s engagement in childcare and nutrition (Fig. 2.3-1.8). Cunningham et. al. also noticed 

the lack of workload and time resource allocation indicators [29]. A possible explanation for the 

absence of these indicators is that 68% of the included studies were a secondary analysis of DHS 

and NFHS datasets which do not contain these indicators. Our current evidence between 

women’s empowerment and child nutrition is highly reliant on indicators available in those two 

datasets. A further explanation of the lack of indicators on men’s engagement in child care and 

nutrition is possibly due to assumptions that men may not support women’s empowerment 

[109–111] or care about children’s well-being [187]. In support of this, a review of gender-

integrated women’s empowerment programs found that relatively few programs that include 

men and boys go beyond the pilot stage or last beyond a short-term time frame [188].  
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We also found that many indicators aggregate multiple dimensions and domains of 

empowerment at once. This aggregation can be problematic when some part of the indicator is 

significantly related to the nutrition outcome, and others are not. This then introduced a 

measurement error that biases the estimate of the relationship between women's empowerment 

and child nutrition towards zero.  

Objective 2: Summarize evidence  

There was underwhelming evidence of a positive association between women’s 

empowerment and child nutritional status. For stunting (Fig. 2.5) and wasting (Fig. 2.6), the vast 

majority of the associations tested were not statistically significant, and overall, the average 

effect sizes were small. Unfortunately, this lack of statistically significant relationships with 

nutritional outcomes was consistent throughout the various dimensions and groups of 

indicators. This finding was true even when we stratified the studies (Sup. Fig. 2.2-2.3) 

according to age group of participating children (<2 years old vs. <5 years old), region of 

participants (South Asia vs. Sub-Saharan Africa), whether a study controls for pathway 

variables, data source (primary vs. secondary), or whether a study was a published journal 

article (vs. gray literature).  

To understand the lack of clear association between any dimension and domains of 

women’s empowerment to child nutrition status, we examined the relationship between 

women’s empowerment and proximate determinants of child nutritional status: infant and 

young child feeding practices, child illness, and health care use. We found similarly 

inconclusive evidence of relationships between women’s empowerment measures and infant 



 

36 

 

and young child feeding [e.g., Fig. 2.5 for breastfeeding and Fig. 2.6 for complementary 

feeding). On the other hand, significant positive associations were more likely to be reported for 

illness and health care use with 33 out of 36 associations with illness (78% weighted) and 11 out 

the 20 associations with health care use (62% weighted). It is critical, however, to remember that 

associations between women’s empowerment and illness were only found in 3 studies and any 

strong claim between women’s empowerment and child illness are pending further evidence.  

Objective 3: Suggestion for further research 

There are two possible explanations for the weak evidence between women’s 

empowerment and child nutrition. One is that there is no underlying relationship between 

women’s empowerment and child nutrition. The other is that this lack of evidence is due to 

methodological weaknesses. Before we discount the role of women’s empowerment as 

unimportant for child nutrition, we argue that we should first improve the quality of evidence 

on the relationship. To do that, like Richardson [55], we encourage researchers to design studies 

that would allow for full integration of theories of women’s empowerment and a clear 

indication of the specific pathways between women’s empowerment and child nutrition being 

tested specifically. 

Reconsider choice of study design. All studies reviewed were observational and cross-

sectional. Furthermore, very few studies used any statistical manipulation such as instrumental 

variables or matching that would help with establishing stronger counterfactuals. We therefore 

agree with a recommendation by Carlson and Pratley [28,30] and suggest more rigorous 

longitudinal study design or even a randomized-intervention approach to testing effects of 
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improved gender equity. This would allow for a causal inference because it would eliminate the 

possible endogeneity that empowered women are simply different from non-empowered 

women.  

Assess across the lifecycle. A longitudinal study would also allow for analysis of how 

empowerment across lifecycle might differentially impact child nutrition (Fig. 2.1). Different 

domains of empowerment might be essential at various points in the life course. For example, 

agency in the reproduction decisions [i.e., choices of contraception and when to get pregnant) 

would play a role in a mother's readiness for pregnancy and therefore might impact stunting 

outcomes upon birth, but we would not expect agency in reproduction decisions to impact a 2-

year-old's diet.  

This is especially important considering a big proportion of the studies we found are 

testing women’s current empowerment and whether their child is stunted. Stunting is an 

indicator for chronic malnutrition; it might be impacted by women’s decision-making power as 

to whether she wants to be pregnant in the first place, her workload during pregnancy and 

breastfeeding, her child’s diet over the years, and so on. Since a woman’s level of empowerment 

can vary over time, her current empowerment level might not reflect those indicators. This 

mismatch between the timing of empowerment and child nutrition indicators above are even 

more pronounced in studies looking at children older than two years old, which was the case in 

32 out of 39 studies found between women’s empowerment and stunting.  

Define pathways tested. We found that few studies in our reviews articulated and test 

the pathway between women’s empowerment and child nutrition. Consequently, we found that 
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a lot of studies control for pathway variables between women’s empowerment and child 

nutrition, e.g. care practice score, infant and young child feeding practices, or health care access 

in their regression. Controlling for pathway variables might explain the null associations found 

in the literature. A more helpful and interesting analysis would be to examine the relationship 

between women’s empowerment and these pathway variables or to even conduct mediation 

analyses of these pathway variables. We are aware of qualitative studies that describe how 

these pathways affect child nutrition [40,189,190], however we found very few quantitative 

studies doing so.  

Consider pathways when choosing empowerment indicators. Precise identification of 

proposed pathway and contextual knowledge between women’s empowerment and nutrition 

can also guide a better choice of indicator for these studies. Our finding that positive 

associations are more likely to be found from studies using primary data sources rather than 

secondary data sources (Sup. Fig. 2.2-2.3) suggest the importance of this careful selection of 

indicators. In general, we need more studies using indicators capturing time resource allocation 

[B2] and reproductive decisions [C], indicators of achievement dimension, and indicators for 

men’s engagement in childcare and nutrition. In contrast, we do not need more studies in how 

child nutrition might be impacted by empowerment on indicators that do not have clear 

pathway of impact towards child nutrition e.g. age at first marriage or political group 

membership. Similarly, explicitly describing pathways tested would prevent researchers from 

using indicators that aggregate various pathways towards child nutrition, as discussed earlier.  
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Examples of pathways that should be tested cab be found in Fig. 2.1. Empowerment in 

accessing resources [A], for example, should have impact on household resources such as food 

security and access to health services to even have a chance having an impact on child nutrition. 

More research should also be done on empowerment in reproduction decisions [C], women’s 

readiness for pregnancy, and child nutritional status at birth. There is a need for more studies 

on the role of mother’s physical and mental health on the relationship between various resource 

allocation indicators [B] and child care practices, and eventually child nutrition. Empowerment 

in mother’s time allocation, women’s time use after giving birth, and rate of exclusive 

breastfeeding is another research opportunity, as is the relationship between empowerment in 

reproduction decision, birth spacing, and duration of breastfeeding.  

Investigate interaction with household wealth. Another inquiry worthwhile of analysis 

is how women’s empowerment would interact with household wealth. It is easy to see how, in 

extremely wealthy households, where food is abundant, women’s ability to make a decision 

might not be correlated with child nutrition since household resource allocation is not a 

contested issue. On the other hand, in a household with very few resources in the first place, a 

change in a women's decision-making power in material [e.g., money, food) resource allocation 

would likely have no effect on improved infant and young child feeding practice and child 

nutrition outcomes [191].  

Improve operationalization of empowerment indicators. Since there are still various 

debates in women’s empowerment indicators, studies comparing various operationalization of 

a specific indicator on its strength of association to child nutrition would contribute helpfully to 
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the literature by finding the domains and dimensions relevant to child nutrition. For example, 

to help contribute data to the debate on whether to include joint decision-making in income 

allocation decision-making, researchers can report on both ways in operationalizing the 

indicator and compare how the two operationalizations relate to child’s diet. 

Increase the types of population studied. Only 14 out of 62 studies included data from 

outside South Asia and Sub-Saharan Africa. Since the importance of various dimensions and 

domains of women’s empowerment vary by region, more studies looking at this relationship in 

regions such as East Asia and Pacific, Middle East and North Africa, and Latin America and the 

Caribbean are needed. Studies in Sub-Saharan Africa are also needed to address the current gap 

in dimensions and domains, e.g., childcare and reproductive domain.  

Limitations 

Given that the concept of women’s empowerment encompasses such a broad set of 

indicators, it is probable that we missed studies analyzing domains and dimensions of women’s 

empowerment if the studies did not frame the topic as women’s empowerment. Examples 

include studies on maternal social support and education in the context of maternal capabilities 

and knowledge. We tried to minimize this by hand-searching bibliographies of selected article 

to minimize omission of relevant articles. Similarly, our discussion of pathways is also hindered 

by our key word search. Our focus on nutritional status might hinder us from findings 

discussions between women’s empowerment and other important pathways such as food 

security or access to health services. However, this does not negate our finding that papers 

analyzing relationship between women’s empowerment and child nutrition indeed did not 



 

41 

 

include discussion of these pathways. Another limitation of this study is our focus on 

quantitative studies. Qualitative data would help us to understand the various pathways in 

which women's empowerment would affect child nutrition since this relationship is so highly 

contextual. However, this was outside the scope of this manuscript.  

CONCLUSION 

The impact of women’s empowerment on child nutrition is a burgeoning research field 

with plenty of analytic opportunities and a worthwhile end goal of informing interventions. So 

far, the evidence has been limited and inconclusive with 379 out of 461 (82% weighted) and 217 

out of 258 (84% weighted) associations found between women’s empowerment and stunting 

and wasting outcomes, respectively, were not significant. Before we discount the role of 

women’s empowerment as unimportant for child nutrition, we invite the research community 

to focus on studying the pathways between women’s empowerment and child nutrition by 

explicitly declaring which pathway between women’s empowerment and child nutrition they 

are testing, carefully selecting the appropriate women’s empowerment indicators and 

aggregating them meaningfully, and collecting primary longitudinal data that will allow 

pathways analysis take took into account the population’s lifecycle. We also invite the research 

community to conduct this research on populations outside South Asia and Sub-Saharan Africa. 
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INTRODUCTION 

The world faces multiple, complex, and interconnected challenges detrimental to human 

and planetary health. Agriculture and food systems are unsustainable, as a major driver of 

biodiversity loss, land degradation, water and air pollution and climate change [192]. The food 

system fails to address food security and nutrition, a particularly acute problem for smallholder 

farming households in Sub-Saharan Africa and south Asia who experience significant food 

insecurity and malnutrition while producing the majority of the food supply in those regions 

[1]. Undernutrition in the first 1000 days of life impairs one’s health, cognitive function, and 

productivity potential throughout life [193,194] and is estimated to impact 151 million children 

worldwide [195]. Even if implemented at scale, nutrition-specific interventions alone would only 

address 21% of global targets for improving nutrition [8,196]. Gender inequity, including 

unequal access to education, employment opportunities, wages and household work, remains a 

major global concern [197]. An estimated 35% of women experience physical violence globally, 

and globally women earn on average 24% less than men [198]. The 2017 Global Gender Gap 

Report estimated that the overall gender gap can be closed in 100 years compared to their 

estimate of 83 years in 2016 [199]. 

There is growing recognition that the solutions to these problems are interconnected. 

Policy makers, researchers and civil society groups are exploring ways to leverage agriculture 

to achieve improvements in nutrition while addressing sustainability [200–202]. This need for 

agriculture to support better nutrition and health is also reflected in the United Nations’ 2030 

https://www-sciencedirect-com.proxy.library.cornell.edu/topics/earth-and-planetary-sciences/health-and-nutrition
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Agenda for Sustainable Development (SDGs) [203] where nutrition and agriculture targets 

were categorized under the same goal (#2) to “end hunger, achieve food security and improve 

nutrition, and promote sustainable agriculture”. One key mechanism for this effort is through 

addressing gender inequity, which is a major driver of poor nutrition and food insecurity 

within agriculture and food systems directly and indirectly [89,204,205]. Similarly, those 

working to improve gender equity also emphasized the importance of addressing food security 

and economic stressors in addressing gender-transformative programming and violence-

preventions [206]. 

Nutrition-sensitive agriculture (NSA) approaches leverage agriculture to improve 

human nutrition [6]. Conventional agriculture projects tend to be ‘gender and nutrition blind’, 

focused on providing farmers with necessary technology and training to improve agriculture 

production and income. NSA interventions make nutrition a major focus and goal of agriculture 

through food-based approaches including diversification, fortification and nutrition education 

[6]. Some NSA projects also focus on gender equity by increasing women’s social capital 

through engaging participants in small working groups, by increasing women’s income 

through training and provision of productive assets, and/or by directly promoting gender 

equity messages [207]. This improvement in gender equity in turn is expected to further ensure 

allocations of food and income increases from these interventions to improving child’s nutrition 

[208,209].  

https://www-sciencedirect-com.proxy.library.cornell.edu/topics/earth-and-planetary-sciences/sustainable-development
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There is a growing body of evidence of randomized trials documenting the effectiveness 

of these approaches. Two prominent trials of this approach, the Enhanced Homestead Food 

Production project in Burkina Faso [210–212] and the Realigning Agriculture to Improve 

Nutrition in Zambia [213,214], focused on improving nutrition by providing women with 

training and agricultural inputs for their home gardens. Both trials found that NSA was 

effective in improving production diversity and some measures of women’s empowerment 

such as social support and agricultural decision-making which resulted in some impact on 

child’s nutrition and diet. A systematic review of nutrition-sensitive agriculture intervention 

studies found overall positive impacts on children’s diets [7] but no impact thus far 

documented on child stunting. A systematic review on the few studies looking at the impact of 

agricultural interventions on women’s time found that agricultural interventions tend to 

increase women’s time commitments in agriculture and in some cases, result in a reduction of 

time for feeding and child care, which might explain the limited impact of agricultural projects 

on child nutrition [89].  

Another approach to transforming the food system that has gained momentum is 

agroecology [9,10]. In its simplest term, agroecology is a set of strategies that integrates 

ecological processes and principles in farm and food system management [11]. Examples of 

these strategies include improving soil quality through incorporation of animal manure and 

plant residues into soils and intercropping legumes with staple foods, which also increases 

production diversity. Another example is the use of natural predators, botanical sprays, crop 

diversification, intercrops and incorporation of repellent plants in farms instead of synthetic 
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pesticides [10,215,216]. These strategies have been found to not only increase farm productivity, 

but also help with yield stability and lower the need for external agricultural inputs, which is 

posited to improve food security while decreasing contribution to and increasing resilience 

against environmental degradation [12–18].  

In addition to application of ecological principles in agriculture, agroecology as a 

movement emphasizes drawing on indigenous and local knowledge, and co-creation of new 

scientific knowledge through its participatory approach [10,19]. Instead of being reliant on a 

set of technologies and practices as developed by topical experts, participants, armed by their 

existing place-based knowledge, experience and the results of their own experimentation, 

actively come up with and decide on which technologies and practices to be used, and share 

experiences with others [19]. This increased interaction may then lead to locally-adapted 

innovations [217] which consider the complexities of the needs of smallholder farmers and 

addresses them in a way that is practical for the farmers [34,218]. This increased interaction is 

also believed to improve social capital between farmers, extension officers and scientists 

[219,220]. Moreover, agroecological approaches emphasize the importance of gender and other 

forms of social equity, with more recent agroecological initiatives incorporating a wide range of 

strategies to address such inequity [39]. Strategies which can be ‘gender-transformative’ include 

small group discussions of children’s nutrition which include men, and explicit discussions of 

gendered decision-making and tasks in agriculture during training, at community events and 

one-on-one visits [34–38]  
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To date, the evidence of the impact of participatory agroecological interventions on 

household welfare is limited. While there is no currently systematic review on agroecology, a 

synthesis examining 31 initiatives promoting organic and resource-conserving agriculture in 

Africa and Latin America found it impossible to reach conclusions on the effectiveness of these 

approaches due to small sample, selection bias and inconsistent methods [21]. The synthesis 

also found that measures of household welfare beyond agriculture yields, such as food security, 

were only measured in 8 out of the 31 initiatives. A meta-analysis on performance of organic 

farming highlighted the need for more research in the Global South and assessments of the 

social, environmental and economic benefits of organic farming systems [221]. Overall the 

evidence from observational studies shows significant, positive impacts of production 

diversification, one key practice of agroecology, on dietary diversity, but there are very few 

studies explicitly focused on agroecological methods and very few using randomized trial 

designs [222]. An observational study in Nicaragua with smallholder coffee producers found a 

significant positive impact on food security from agroecological practices such as agroforestry 

and crop diversification [223]. In contrast an observational study in Guatemala found no 

difference in food security or dietary diversity between agroecological and conventional 

producers, but the sample size (n=20) was small and qualitative assessment of diets used [224]. 

One quasi-experimental study which used participatory methods to test the impacts of 

agroecological methods (i.e. legume diversification) found evidence of improved child growth 

in Malawi [13]. A randomized trial in Nepal tested the impact of participatory community 

education on integrating livestock and home gardens into farming systems and found 
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significant impacts on children’s dietary diversity [41]. Another study in Malawi used 

propensity score matching to analyze impact of a participatory agroecological intervention and 

found it to be effective in improving food security and household wealth [22].  

This study brings these two approaches together by designing an agroecology and 

nutrition intervention, which used a clustered randomized effectiveness trial design to test if a 

participatory agroecological intervention can improve children’s dietary diversity score, 

through improvements in sustainable agriculture practices, food security, and gender equity. 

This paper contributes to the nutrition-sensitive agriculture literature by analyzing how such an 

approach works if combined with agroecology and gender equity strategies. At the same time, 

the paper tests whether a participatory agroecology intervention has impact on children’s diets. 

In this paper, we summarize the project’s impact on sustainable agriculture practices, food 

security, gender equity, and adults’ and children’s dietary diversity.  

METHODS 

Setting 

This project took place in 20 villages in the Singida rural district in Tanzania’s semi-arid 

central region. Most people in the area rely on agricultural and livestock activities as their 

primary source of livelihood, with households cultivating an average of 2.15 ha of fields [225]. 

The climate is characterized by two distinct seasons: a long dry season from around April to 

November, and heavy intermittent rainfalls from December to March. Therefore, agricultural 

activities follow a unimodal pattern throughout the year [226,227]: planting in November-
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December and harvest in May-July. Poor soil quality and low rainfall alongside limited 

livelihood options contribute to Singida region having one of the highest poverty rates in 

Tanzania [228]. Food insecurity is common in the region with 49% of households having poor 

household dietary diversity in 2016 [229]. In addition, infant and young child feeding practices 

in the area are poor. In the most recent national study [230], only 26.2% infants received early 

initiation of breastfeeding, and 54.9% of children less than 6 months were exclusively breastfed. 

Minimum dietary diversity is met by only 6.9% of children aged 6-23 months, and as a result, a 

minimally acceptable diet is met by only 4.2% of the population. Consequently, there is high 

levels of stunting, 34% of children under 5, in this region [230]. 

Participants 

The project was initiated by a Tanzanian non-profit in collaboration with District 

officials, Tanzanian and foreign university researchers. Out of the 30 villages proposed by 

district officials, 20 villages were selected based on their willingness to participate in an 

agriculture project, experience of food insecurity, having adequate number of children aged 1 

year or younger, and not being part of preexisting intervention or project.  

In every selected village, project staff described the project and eligibility criteria in an 

open meeting, and the village leaderships ultimately invited 25-30 households to participate in 

the project. Household’s eligibility criteria included: [1] being a food insecure household, [2] 

having a child under 1 years old at baseline (January 2016), [3] having regular access and plan to 

cultivate farms in the coming year, [4] having no plan to move out of the village in the duration 
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of the study, and [5] being interested in experimenting with new farming techniques. The 

names of the under-1 child, their mother, and their father, when applicable, were recorded as 

participants of the projects. As part of a participatory research method which drew on previous 

experience with ‘farmer research teams’ [40,231], two mentor farmers (one male, one female) 

were elected from amongst the participants in each village at the first participant-only project 

meeting.  

Intervention 

 Mentor farmers participated in a farmer-to-farmer learning exchange with farmer 

research teams of the Malawi Farmer to Farmer Agroecology (MAFFA) project, a previously 

established participatory agroecology intervention in April 2016. In July 2016, they participated 

in a training using the Farming for Change curriculum, an innovative curriculum designed 

explicitly for smallholders in southern Africa with limited formal education developed in 

collaboration with Malawian farmers [232]. The curriculum is integrative as it links agroecology 

with climate change, human and soil nutrition, gender, and related components of social equity. 

Moreover, the curriculum is participatory with its focus on experiential-based learning and 

theatre to explore integration of the various topics.  

Equipped with a copy of the curriculum, mentor farmers then extended their learning to 

their peers through knowledge sharing and encouraging household experimentation in 

agroecology practices, nutrition, and gender equity. Participating farmers were also then asked 

to meet at least once a month to discuss challenges in agroecology practices, nutrition, and 
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gender equity and possible solutions. When applicable, participant farmers also shared the 

results of their household experimentations in these meetings. Mentor farmers were also asked 

to visit each household every month to discuss each household’s experiences on farming, 

nutrition, and gender equity. Beyond the monthly meetings and visits, each group and farmer 

were free to decide on any activities to experiment with, which meant implementation of the 

intervention varied greatly from one village to another. To encourage agroecological 

intensification, in the first year each participating household was provided with ¼ acres worth 

of 2 types of legume seeds of their choice (out of 6 species options, namely groundnut, cowpea, 

soybean, pigeon pea, and beans), while mentor farmers were provided with a bicycle to 

facilitate household visits and a small stipend (~$43 monthly). 

Every quarter, mentor farmers and project team met to discuss progress, challenges, and 

solutions to those challenges of peer mentoring and household experimentation with different 

agroecological, nutrition and gender equity strategies in households. Through these meetings, 

mentor farmers actively decided on the project direction. One result of farmer leadership in the 

project was its focus on encouraging equitable gender division of tasks within households; 

farmers believed that it was both important and the most attainable aspect of gender equity. 

Another example of farmer initiative was the project’s collaboration with a research project to 

learn the most effective method of making botanicals pesticide from available plants around 

Singida.  



 

52 

 

Evaluation. 

We evaluated the project using a randomized clustered effectiveness trial 

(NCT02761876) with children’s dietary diversity as a primary outcome of interest. We did not 

expect the project to have impact on child stunting due to the relatively short duration of 

intervention, based on previous studies on the potential for an agriculture project to impact 

children’s nutritional status [6,233]. Half of the villages (n=10) were assigned to be intervention 

and half were delayed intervention. To ensure transparency, randomization was done in front 

of all mentor farmers. Mentor farmers of paired villages reached into a hat and drew a piece of 

paper with ‘1’ or ‘2,’ with ‘1’ indicating intervention group, and ‘2’ indicating delayed 

intervention group. A total of 598 households were enrolled (25-30 per village) such that the 

study was powered to detect a 0.1 difference in children’s dietary diversity score as a primary 

outcome. The power calculation used alpha of 0.05, power of 0.90, and intra-class correlation of 

0.02 based on our pilot survey in the area. The study received approval from the Cornell 

University’s Institutional Review Board for Human Participants [1511005983], Tanzania’s 

Commission for Science and Technology [2018-207-NA-2015-121], and Tanzania’s National 

Institute for Medical Council [#]. 
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Fig. 3.1: Timeline of Singida Nutrition and Agroecology Project (SNAP-Tz)  
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Data collection 

Seven household surveys were conducted biannually between January 2016 and January 

2019. Every January, during the growing season, we collected data on socio-demographics, 

agroecology practices [234], food security, gender equity practices, and children’s [235] and 

women's [236] dietary diversity. Every July, during the harvest season, we also collected data 

on experiences of food insecurity, participant’s diet, and parental time use, although men’s data 

were collected starting in January 2017.  

Indicators of agroecology practices included crop species richness [237] as a measure of 

production diversity, whether households practice intercropping, number of agroecology 

practices to improve soil health (e.g. adding manure to soil) [238] and number of agroecology 

practices to manage pests (e.g. use of botanical extracts) [239]. Food insecurity indicators 

included household food insecurity access scale [240]. Gender equity measures included 

indicators on agriculture and income allocation decision-making (based on WEAI questions) 

[241], total time spent on agriculture and household chores and child care in the previous 24 

hour, Center for Epidemiologic Studies Depression Scale (CES-D) score [242], and the 5 domain 

score of Abbreviated Women’s Empowerment in Agriculture Index (AWEAI) [241]. Table 3.1 

presents further operationalization and sample size on each variable collected for each time 

points. 



 

55 

 

Table 3.1: SNAP-Tz Assessment Overview  
Jan 

2016 

Jul 

2016 

Jan 

2017 

Jul 

2017 

Jan 

2018 

Jul 

2018 

Jan 

2019 

Demography   598       

Agroecology practices 

Production 

diversity 

Count of crop species richness [243] 
 579  535  532  531 

Intercropping Binary; whether household practice intercropping in any field  581  535  535  531 

Soil health Binary; whether household use sustainable practices to improve soil 

health i.e. manure-livestock or compost- and reincorporation of crop 

residue to soil [244] 

 581  536  532  531 

Pest 

management 

Binary; whether household use alternative pest managements i.e. 

botanicals pesticide, ash, or push/pull system [244] 
 581  536  532  531 

Food security          

Experiences of 

food insecurity  

Score (0-27); Household Food Insecurity Access Score [245] 
 599 560 562 552 526 552 531 

Coping 

strategies 

Score (0-7); Food Security Coping Strategy Index [246] 
 598  562  526  531 

Gender equity          

Social support Binary; whether women have adequate social support according to 

the Perceived Social Support scale [247] 

W 

M 

598 

 
 

562 

455 
 

528 

470 
 

520 

469 

Attitude 

towards 

domestic 

violence 

Score (0-7) based on World Bank Indicators [248]; whether husband is 

justified in hitting wife if (1) she leaves house without telling, (2) she 

neglects the kids, (3) she argues with her husband, (4) she refuses sex, 

(5) she did not cook food properly, (6) she asks him to stop drinking, 

and (7) she asks   

W 

M 

598 

 
 

562 

455 
 

528 

470 
 

520 

469 
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Production 

decision making 

Score (0-1); average score of amounts of input a woman has and 

extents which they can make decision on their own (no/little =0, 

some=0.5, final say=1) of production activities (food crop farming, 

cash crop farming, livestock raising, non-farm activities, and wage 

employment) that household participate in. Based on WEAI decision 

making module [241] 

W 

M 

596 

 
 

560 

455 
 

523 

470 
 

518 

469 

Income decision 

making 

Score (0-1); average score of amounts of input a woman has and 

extent which they can make decision on their own (no/little =0, 

some=0.5, final say=1) of the use of income (food crop farming, cash 

crop farming, livestock raising, non-farm activities, and wage 

employment) that household participate in and on large and small 

household purchases. Based on WEAI decision making module [241] 

W 

M 

596 

 
 

560 

455 
 

523 

470 
 

517 

469 

Time use Total of hours (15-minutes increments) in the past 24-hours spent on 

various activities, based on a 24-hour recall [241] 

W 

M 

598 

 
 

562 

455 
 

528 

470 
 

520 

471 

Depression Score (0-60) of the Center of Epidemiological Studies – Depression 

[249] 

W 

M 

598 

 
 

562 

455 
 

528 

470 
 

520 

469 

Overall 

empowerment 

5 Domains of Empowerment score of Abbreviated Women’s 

Empowerment in Agriculture Index [241] 

W 

M 

596 

 
 

560 

455 
 

523 

470 
 

520 

469 

Nutrition          

Child’s dietary 

diversity 

Score (0-7); number of food group a child consume in the past 24 

hours [235] 
 588 558 559 550 528 522 518 

Child meeting 

minimum 

adequate diet 

Binary; whether child got minimum dietary diversity (≥ 4 food 

groups) and minimum meal frequency (varies) in the past 24 hours 

[235] 

 588 558 559 550 528 522 518 

Adult’s dietary 

diversity 

Score (0-10); number of food group consumed in the past 24 hours 

[236] 

W 

M 

598 

 
 

562 

455 
 

528 

470 
 

515 

469 
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Data analysis 

Baseline differences were tested using student’s t-test for continuous variables and chi-

square test for categorical variables.  

To maintain balance generated from the original random treatment allocation [250], we 

estimated the intention-to-treat impact of the project  using fixed-effects panel regressions. 

Yijt = β0 + βDD ∙ Sj ∙ Pt + β1 ∙ Sj + β2 ∙ Pt + uijt …………………………………………………… [1] 

Yijt = β0 + βDD ∙ Sj ∙ Pt + β1 ∙ Sj + β2 ∙ R1 + β3 ∙ R2 + β4 ∙ R3 + uijt………………………………… [2] 

Yijt = β0 + βDD1 ∙ Sj ∙ R1 + βDD1 ∙ Sj ∙ R2 + βDD1 ∙ Sj ∙ R3 + β1 ∙ Sj + β2 ∙ R1 + β3 ∙ R2 + β4 ∙ R3 + uijt… [3] 

where Yijt is an outcome for unit i (household, index child, index child’s mother, etc 

depending on the variables) living in village j and interviewed during the survey round t; Sj is a 

dummy variable indicating whether the household lives in a village randomized to receive 

SNAP-Tz; Pt is a dummy variable whether the observation pertains to any round after baseline. 

Equation [1] was used to estimate the average effect accounting the averaged survey round 

effects. Equation [2] estimated the average program effect while accounting for survey round 

effects to differ from each other. Equation [3] allowed both the survey round effects and the 

treatment effects to vary for each survey round. All analyses were done on Stata14.  

RESULTS 

Baseline characteristics 

Baseline characteristics indicate that households in the intervention or delayed 

intervention groups were not systematically different from one another (Table 3.2). On average, 
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women enrolled in the project were 30 years old and men were 37. Both men and women had 

roughly 7 years of education, i.e. they had finished primary school. An overwhelming majority 

of households indicate farming as their primary occupation (98%) and were of the Nyaturu tribe 

(97%). Most households (85%) in the project were in monogamous marriages with some (8%) 

being polygamous (Table 3.2). 

Rate of missing data varied according to various time points and sub-population 

surveyed. The maximum percentage of missing data was found to be about men’s data from 

January 2017 with only 87% of initial population of men (n=517). This rate of attrition does not 

jeopardize the power of our study. More importantly, this attrition was not systematic such that 

it would jeopardize internal validity provided by randomization (Table 3.3).  

Primary outcome 

Children’s dietary diversity score, our primary outcome of interest, were significantly improved 

(β=0.33 food group, p<0.001, Fig. 3.2A). These improvements are mostly seen during harvest 

seasons (β=0.46 food group, p<0.001) and can be explained to increased likelihood of legume 

and animal-sourced-foods consumptions (Sup. Fig. 3.3). When only looking at endline harvest 

season results (July 2018), participation in the intervention helped 15pp (p<0.05) of children 

meet minimum dietary diversity. However, these improvements in dietary score were too small 

to increase the proportion of children that meets minimum acceptable diet (Fig. 3.2B). 
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Table 3.2: Characteristics from intervention and delayed intervention households in January or July 2016 

showed that the two group does not differ systematically at baseline 

 

SNAP-Tz 

n=299 

Delayed 

n=304 

p-value of 

difference 

age, woman 29.9 (7.4) 29.6 (7.8) 0.62 

age, man 36.9 (9.5) 37.2 (9.8) 0.78 

years of education, woman 6.9 (2.7) 6.9 (3.1) 1.00 

years of education, man 7.4 (2.3) 7.5 (2.4) 0.60 

occupation includes farming, woman 100.0% 100.0%  

occupation includes farming, man 97.2% 97.8% 0.69 

marital status, woman   0.53 

   monogamous married 85.3% 83.7%  

   polygamous married 8.4% 7.3%  

religion is muslim 68.9% 76.4% 0.34 

tertiles of asset index   0.11 

   low 40.4% 33.3%  

   medium  30.0% 29.7%  

crop species richness 2.1 (1.0) 2.3 (1.0) 0.06 

food security score, growing season 13.4 (7.8) 14.2 (8.1) 0.49 

food security score, harvest season 6.4 (5.6) 7.2 (5.9) 0.18 

women's say in production decisions 0.28 (0.25) 0.28 (0.25) 0.95 

women's say in income allocation decisions 0.22 (0.18) 0.20 (0.18) 0.21 

women's say in childcare decisions 0.64 (0.26) 0.62 (0.28)  0.27 

women's hours spent on household work, childcare 10.4 (3.2) 10.2 (3.2)  0.41 

women's hours spent on agriculture 3.5 (2.2) 3.7 (2.0)  0.26 

women's hours spent on leisure 1.9 (1.9) 1.8 (1.7)  0.32 

women's empowerment in agriculture index - women 0.39 (0.21) 0.41 (0.21)  0.29 

any depression (ces-d) - women 42.8%  44.2%   0.73 

child's dietary diversity score, growing season 1.6 (1.1) 1.9 (1.3) 0.17 

child's dietary diversity score, harvest season 2.4 (1.1) 2.3 (1.4) 0.18 

women's dietary diversity score 2.8 (1.2) 2.8 (1.1) 0.83 
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Table 3.3: Even when including households with complete men’s data, characteristics from intervention 

and delayed intervention households from baseline showed that the two group does not differ  

 
SNAP-Tz 

n=257 

Delayed 

n=260 

p-value of 

difference 

age, woman 29.9 (7.4) 29.6 (7.8) 0.62 

age, man 36.9 (9.5) 37.2 (9.8) 0.78 

years of education, woman 6.9 (2.7) 6.9 (3.1) 1.00 

years of education, man 7.4 (2.3) 7.5 (2.4) 0.60 

occupation is farming 100.0% 100.0%  

occupation, man 97.2% 97.8% 0.69 

marital status, woman   0.53 

   monogamous married 85.3% 83.7%  

   polygamous married 8.4% 7.3%  

religion is muslim 68.9% 76.4% 0.34 

tertiles of asset index   0.11 

   low 40.4% 33.3%  

   medium  30.0% 29.7%  

crop species richness 3.1 (1.0) 3.4 (1.0) 0.12 

household intercrops 20.4% 23.7% 0.36 

food security score, growing season 13.4 (7.8) 14.2 (8.1) 0.49 

food security score, harvest season 6.4 (5.6) 7.2 (5.9) 0.18 

women's say in production decisions 0.15 (0.25) 0.15 (0.25)  0.61 

women's say in income allocation decisions 0.19 (0.18) 0.16 (0.18)  0.21 

women's hours spent on household work, childcare 10.4 (3.2) 10.2 (3.2)  0.41 

women's hours spent on agriculture 3.5 (2.2) 3.7 (2.0)  0.26 

women's empowerment in agriculture index - women 0.39 (0.21) 0.41 (0.21)  0.29 

any depression (ces-d) - women 42.8%  44.2%   0.73 

child's dietary diversity score, growing season 1.6 (1.1) 1.9 (1.3) 0.17 

child's dietary diversity score, harvest season 2.4 (1.1) 2.3 (1.4) 0.18 

women's dietary diversity score 2.8 (1.2) 2.8 (1.1) 0.83 
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A – mean child’s dietary diversity score 

  
B – Proportion of children meeting minimum acceptable diet 

Fig. 3.2: Child’s diet outcomes, by intervention arm. All standard error shown controlled for clustering at village level (n=532-581). 
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Table 3.4: Program impact on primary outcome: child’s dietary diversity 

 Child’s dietary diversity score 
Proportion of children meeting 

minimum dietary diversity 

Assigned to project # 
post baseline 
{average impact} 

0.28*** 
(0.08) 

0.33*** 
(0.08) 

 0.05* 
(0.03) 

0.07* 
(0.03)  

{time specific impact} 
Assigned to project # 
Jul 2016 

   
-0.22 
(0.13) 

 
  

0.02 
(0.06) 

Assigned to project # 
Jan 2017 

  -0.02 
(0.13)  

 0.04 
(0.06) 

Assigned to project # 
Jul 2017 

  0.25 
(0.13)  

 0.08 
(0.06) 

Assigned to project # 
Jan 2018 

  0.26* 
(0.13)  

 0.06 
(0.06) 

Assigned to project # 
Jul 2018 

  0.49*** 
(0.13)  

 0.15* 
(0.06) 

Assigned to project # 
Jan 2019 

  0.15 
(0.13)  

 0.07 
(0.06) 

Post baseline 
0.86*** 
(0.08) 

7.18*** 
(2.01) 

 0.10*** 
(0.03) 

2.13** 
(0.77)  

Jul 2016 
 2.31*** 

(0.32) 
2.36*** 
(0.33)  

0.40** 
(0.13) 

0.37** 
(0.13) 

Jan 2017 
 -3.63** 

(1.35) 
3.61*** 
(0.68)  

-1.33* 
(0.52) 

0.77** 
(0.26) 

Jul 2017 
 -2.69** 

(1.04) 
4.36*** 
(0.98)  

-1.00* 
(0.40) 

1.06** 
(0.38) 

Jan 2018 
 -2.05** 

(0.69) 
4.93*** 
(1.34)  

-0.71** 
(0.26) 

1.32* 
(0.52) 

Jul 2018 
 -1.03** 

(0.36) 
5.79*** 
(1.69)  

0.39** 
(0.14) 

1.98* 
(0.78) 

Jan 2019 
  6.92*** 

(2.04)  
 1.59* 

(0.65) 

Child’s age 
0.02*** 
(0.00) 

-.14* 
(.06) 

-0.13* 
(0.06) 

0.00** 
(0.00) 

-0.05* 
(0.02) 

-0.05* 
(0.02) 

N 3801 3801 3801 3489 3489 3489 

R2 0.284 0.389 0.392 0.040 0.048 0.050 

Note:  standard error shown on parentheses we took geographic clustering within the 20 villages 

into account. *** p < 0.001, ** p < 0.01, *  p < 0.05.
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A – Crop species richness 

  
B – Proportion of household that intercrop 

 
C – Proportion of household practicing  

sustainable pest management 

 
D – Proportion of household practicing  
sustainable soil health improvement 

Fig. 3.3: Farming outcomes, by intervention arm. All standard error shown controlled for clustering at village level. (n=532-581).
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Table 3.5: Program impact on farming outcomes 

 
Intercropping Crop species richness Proportion of household 

practicing sustainable 
pest management 

Proportion of household 
practicing sustainable soil 

health improvements 

Assigned to 
project # post 
baseline 
{average impact} 

0.42*** 
(0.03) 

0.43*** 
(0.03) 

 0.34*** 
(.03) 

0.34*** 
(0.03) 

 0.11*** 
(0.03) 

0.12*** 
(0.03) 

 0.03 
(0.03) 

0.04 
(0.03) 

 

{time specific} 
Assigned to 
project # Jul 2016 

  0.02 
(0.04) 

  0.05 
(0.05) 

  0.06 
(0.04) 

  0.02 
(0.04) 

Assigned to 
project # 2018 

  0.40*** 
(0.04) 

  0.45*** 
(0.05) 

  0.18*** 
(0.04) 

  0.05 
(0.04) 

Assigned to 
project # 2019 

  0.47*** 
(0.04) 

  0.28*** 
(0.05) 

  0.12** 
(0.04) 

  0.05 
(0.04) 

Post baseline 
0.08*** 
(0.02) 

0.18*** 
(0.03) 

 0.17*** 
(0.02) 

0.26*** 
(0.03) 

 0.32*** 
(0.02) 

0.57*** 
(0.02) 

 0.41*** 
(0.02) 

0.73*** 
(0.02) 

 

2017 
 0.16*** 

(0.02) 
0.15*** 
(0.03) 

 0.19*** 
(0.02) 

0.16*** 
(0.03) 

 0.00 
(0.02) 

-0.03 
(0.03) 

 0.02 
(0.02) 

0.01 
(0.03) 

2018 
 -0.02 

(0.02) 
0.17*** 
(0.03) 

 0.01 
(0.02) 

0.22*** 
(0.03) 

 -0.50*** 
(0.02) 

0.03 
(0.03) 

 -0.64*** 
(0.02) 

0.08** 
(0.03) 

2019 
  0.16*** 

(0.03) 
  0.29*** 

(0.03) 
  0.57*** 

(0.03) 
  0.73*** 

(0.03) 

N 2210 2210 2210 2209 2209 2209 2228 2228 2228 2228 2228 2228 

R2 0.249 0.276 0.277 0.231 0.260 0.267 0.238 0.466 0.447 0.27 0.582 0.582 

Note:  standard error shown on parentheses we took geographic clustering within the 20 villages into account. *** p < 0.001, ** p < 

0.01, * p < 0.05. 
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A – Household Food Insecurity Access Score 

  
B – Proportion of household experiencing moderate hunger 

 
C – Women’s dietary diversity score 

 
D – Men’s dietary diversity score 

Fig. 3.4: Food security outcomes, by intervention arm. All standard error shown controlled for clustering at village level. (n=532-581).

DI

SNAP-Tz

0

3

6

9

12

15

Jan
2016

Jul
2016

Jan
2017

Jul
2017

Jan
2018

Jul
2018

Jan
2019

DI

SNAP-Tz

0%

10%

20%

30%

40%

50%

Jan
2016

Jul
2016

Jan
2017

Jul
2017

Jan
2018

Jul
2018

Jan
2019

DI

SNAP-Tz

0

1

2

3

4

5

Jan
2016

Jul
2016

Jan
2017

Jul
2017

Jan
2018

Jul
2018

Jan
2019

DI

SNAP-Tz

0

1

2

3

4

5

Jan
2016

Jul
2016

Jan
2017

Jul
2017

Jan
2018

Jul
2018

Jan
2019



 

66 

 

Table 3.6: Program impact on food security outcomes 

 
Household food insecurity 

access score 
Proportion of household with 

moderate hunger 

Assigned to project # 
post baseline 
{average impact} 

-2.11***  
 (0.43) 

-2.13***  
 (0.41) 

 -0.10***  
 (0.03) 

-0.10***  
 (0.02)  

{time specific impact} 
Assigned to project # 
Jul 2016 

  -0.08  
 (0.66)  

 
-0.02  

 (0.04) 

Assigned to project # 
Jan 2017 

  -1.24  
 (0.67)  

 -0.08*  
 (0.04) 

Assigned to project # 
Jul 2017 

  -2.35***  
 (0.68)  

 -0.13***  
 (0.04) 

Assigned to project # 
Jan 2018 

  -2.72***  
 (0.69)  

 -0.13**  
 (0.04) 

Assigned to project # 
Jul 2018 

  -2.32***  
 (0.68)  

 -0.11**  
 (0.04) 

Assigned to project # 
Jan 2019 

  -2.41***  
 (0.68)  

 -0.11**  
 (0.04) 

Post baseline 
2.51***  
 (0.41) 

3.24  
 (10.50) 

 -0.08***  
 (0.02) 

-0.30***  
 (0.02)  

Jul 2016 
 -5.20**  

 (1.69) 
-5.43**  
 (1.73)  

-0.32***  
 (0.02) 

-5.20**  
 (1.69) 

Jan 2017 
 -1.23  

 (7.05) 
0.99  

 (3.54)  
0.22***  
 (0.02) 

-0.08**  
 (0.03) 

Jul 2017 
 -5.84  

 (5.44) 
-3.33  

 (5.14)  
-0.01  
 (0.02 

-0.29***  
 (0.03) 

Jan 2018 
 -1.32  

 (3.59) 
1.07  

 (7.01)  
0.13***  
 (0.02) 

-0.15***  
 (0.03) 

Jul 2018 
 -2.58  

 (1.86) 
-0.67  

 (8.82)  
-0.05*  
 (0.02) 

-0.34***  
 (0.03) 

Jan 2019 
  6.92***  

 (2.04)  
 -0.29***  

 (0.03) 

Child’s age 
0.02*** 
(0.00) 

-.14* 
(.06) 

-0.13* 
(0.06) 

0.00** 
(0.00) 

-0.05* 
(0.02) 

-0.05* 
(0.02) 

N 3803 3803 3803 3894 3894 3894 

R2 0.203 0.325 0.326 0.033 0.167 0.167 

Note:  standard error shown on parentheses we took geographic clustering within the 20 villages 

into account. *** p < 0.001, ** p < 0.01, *  p < 0.05.
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A – Production decision-making 

 
B – Income allocation decision-making 

 
C – Time for agriculture, other work 

 
D – Time for household work, childcare 

 
E – CES-D score, mental health 

 
F – A-WEAI 5DE score 

 

Fig. 3.5: Women’s empowerment outcomes, by intervention arm. All standard error shown controlled 

for clustering at village level. (n=532-581 for women’s data; 455-480 for men’s data)
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Table 3.7A: Program impact on women’s empowerment outcomes, fixed effects regressions 

 
Production decisions Income allocation 

decisions 
Women’s time in 

agriculture 
Women’s time in 

household work, childcare 

Assigned to 
project # post 
baseline 
{average impact} 

0.02  
 (0.02) 

0.02  
 (0.02) 

 0.04*  
 (0.02) 

0.02  
 (0.02) 

0.02  
 (0.02) 

 0.04*  
 (0.02) 

0.02  
 (0.02) 

0.02  
 (0.02) 

 0.04*  
 (0.02) 

{time specific} 
Assigned to 
project # Jul 2016 

  0.02  
 (0.02) 

   0.02  
 (0.02) 

   0.02  
 (0.02) 

 

Assigned to 
project # 2018 

  0.04*  
 (0.02) 

   0.04*  
 (0.02) 

   0.04*  
 (0.02) 

 

Assigned to 
project # 2019 

  0.01  
 (0.02) 

   0.01  
 (0.02) 

   0.01  
 (0.02) 

 

Post baseline 
0.08***  
 (0.01) 

0.14***  
 (0.01) 

 0.10***  
 (0.01) 

0.08***  
 (0.01) 

0.14***  
 (0.01) 

 0.10***  
 (0.01) 

0.08***  
 (0.01) 

0.14***  
 (0.01) 

 0.10***  
 (0.01) 

2017 
 -0.09***  

 (0.01) 
0.05***  
 (0.01) 

  -0.09***  
 (0.01) 

0.05***  
 (0.01) 

  -0.09***  
 (0.01) 

0.05***  
 (0.01) 

 

2018 
 -0.09***  

 (0.01) 
0.04*  
 (0.02) 

  -0.09***  
 (0.01) 

0.04*  
 (0.02) 

  -0.09***  
 (0.01) 

0.04*  
 (0.02) 

 

2019 
  0.14***  

 (0.02) 
   0.14***  

 (0.02) 
   0.14***  

 (0.02) 
 

N 2204 2204 2204 2165 2204 2204 2204 2165 2204 2204 2204 2165 

R2 0.06 0.113 0.114 0.119 0.06 0.113 0.114 0.119 0.06 0.113 0.114 0.119 

Note:  standard error shown on parentheses we took geographic clustering within the 20 villages into account. *** p < 0.001, ** p < 

0.01, * p < 0.05. 
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Table 3.7B: Program impact on women’s empowerment outcomes, fixed effects regressions 

 
Proportion of women with 

probable depression 
5 domains of empowerment 

score of A-WEAI 

Assigned to 
project # post 
baseline 
{average impact} 

-0.12**  
 (0.04) 

-0.12**  
 (0.04) 

 0.13***  
 (0.02) 

0.13***  
 (0.02) 

 

{time specific} 
Assigned to 
project # Jul 2016 

  -0.09  
 (0.05) 

  0.14***  
 (0.02) 

Assigned to 
project # 2018 

  -0.13**  
 (0.05) 

  0.17***  
 (0.02) 

Assigned to 
project # 2019 

  -0.14**  
 (0.05) 

  0.08***  
 (0.02) 

Post baseline 
-0.10***  
 (0.03) 

-0.07*  
 (0.03) 

 0.13***  
 (0.01) 

0.15***  
 (0.01) 

 

2017 
 0.06*  

 (0.03) 
0.03  

 (0.03) 
 -0.05***  

 (0.01) 
0.10***  
 (0.01) 

2018 
 -0.14***  

 (0.03) 
0.21***  
 (0.04) 

 -0.01  
 (0.01) 

0.12***  
 (0.01) 

2019 
  -0.06  

 (0.04) 
  0.18***  

 (0.02) 

N 2208 2208 2208 2162 2162 2162 

R2 0.039 0.079 0.079 0.269 0.281 0.289 

Note:  standard error shown on parentheses we took geographic clustering within the 20 villages into account. *** p < 0.001, ** p < 

0.01, * p < 0.05. 
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Pathway outcomes 

Farming 

The intervention increased production diversity by 0.97 species (p<0.01, Fig. 3.3A). Most 

the production diversity improvement was driven by SNAP-Tz households growing legumes 

(34pp additional households, OR=4.12, p<0.001, Sup. Fig. 3.2). When growing these legumes, 

majority of SNAP-Tz households intercropped them with staple foods that the intervention 

increased intercropping by 43pp (OR=6.84, p<0.001, Fig. 3.3B). The intervention also increased 

proportion of households that uses sustainable pest management practice (β=0.12, p<0.001, Fig. 

3.3C), especially on the use of ash (β=0.12, p<0.001, Sup. Fig. 3.3A) and botanical extracts 

(β=0.11, p=0.78, Sup. Fig. 3.3AB). However, the intervention did not significantly increased the 

number of agroecological soil health improvement practices practiced by various households 

(β=0.04, p=0.13, Fig. 3.3D).  

Food security 

Participation in the intervention reduced experiences of food insecurity (β=-2.13, p<.001, 

Fig. 3.4A), which resulted in a decrease of household hunger (β=-10pp, p<0.001, Fig. 3.4B). This 

improvement in household food security could also be measured by improvement adult 

women’s dietary diversity (β=0.44, p<0.001, Fig. 3.4C). 

Women’s empowerment 

Amongst women, involvement in the intervention increased their production decision-

making income-allocation decision-making power (β=0.05, p<0.01, Fig. 3.5B), and decreased 
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their risk for probable depression (β=-0.12, p<0.01, Fig. 3.5E). The intervention also improved 

their 5 domains of empowerment score from A-WEAI (β=0.18, p<0.001, Fig. 3.5F), but did not 

change their production decision-making power (Fig. 3.5A) and their time use (Fig. 3.5C-5D).  

DISCUSSION 

Summary of results: main outcome 

After 2 growing seasons, involvement in a participatory agroecology intervention 

improved children’s dietary diversity through increased consumption of legume and animal 

sourced foods, both important in stunting prevention [252,253]. For comparison, the Zambian 

nutrition-sensitive agriculture intervention [214] improved child’s diversity score by 0.68 out of 

8 food groups (p<0.01) after 4 years of intervention, but their impact on proportion of children 

meeting minimum adequate diversity were not statistically significant (β=8.3 pp). The Burkina 

Faso study [211] reported a 12.6 pp increase in the proportion of children meeting minimum 

dietary diversity, even though they were only marginally significant (p=0.08). The lower 

immediate impact of this intervention on child’s diet might be due to the lower external inputs 

provided to participants. The Burkina Faso study provided seeds, tree saplings, some goats and 

chickens, and some agriculture tools [210–212] and the Zambia study provided seeds twice a 

year for 4 years, some goats and chickens, and some agriculture tools [213,214]. In contrast, this 

intervention only provided two types of seeds for 2 agriculture seasons.  
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Summary of results: pathway outcomes 

To further understand the intervention’s impact on children’s dietary diversity, we 

examined pathway outcomes such as agroecology practices, food security, and women’s 

empowerment measures. It is important to remember, however, that these outcomes are 

important on their own right.  

Farming 

The intervention improved production diversity, which would allow for increased 

diversity of foods available to households’ members. This increase in production diversity also 

help farmers manage risks and to cope in case of failure of a crop. Given that the intervention 

provided two types of seeds in the beginning of the project the increase in production diversity, 

while encouraging, is not surprising. Other nutrition-sensitive agriculture trials also found 

increase on their participants’ production diversity [213], especially in crops directly promoted 

by the project. 

The lack of change in soil health management practices was due to the already high 

baseline use of livestock manure amongst participant households. The intervention’s impact on 

intercropping practices and pest management, however, has important implications for 

sustainable land management. Intercropping staple food crop and legumes is helpful because it 

helps with weed and disease suppression while protecting soil from erosion [254]. 

Intercropping legumes promotes complementary sharing of plant resources, can add nitrogen 

when the residue is incorporated back into the soil [255,256] and in the long run would promote 
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soil health [257] and eventually improve yield, although the length of the trial of 2.5 years might 

be too short to see impact on soil quality. Increase in the number of agroecological pest 

management practices used by various households is important to protect farm yields and yield 

stability. These improvements are important for increasing long-term sustainable agriculture 

practices which support households’ primary food production while avoiding land 

degradation, and are in keeping with agroecological principles including building soil health, 

increasing biodiversity and enhancement of beneficial biological interactions and synergies 

[258]. 

Food security 

The intervention improved household food security in both growing and harvest 

seasons, above seasonal and regional improvements over time. Food security is important not 

only because it helped ensure food availability for children in the household but also because it 

is related to mother’s mental health [259]. The intervention’s impact on participants’ experience 

with food security is similar to that of other participatory agroecological interventions: Malawi 

Farmer-to-Farmer Agroecology (MAFFA) project and a Farmer-to-Farmer intervention in 

Democratic Republic Congo reduced food insecurity by 3.21 points (p=0.01) [22] and 2.06 points 

(p<0.001) [260], respectively. In comparison, the only other NSA trial that measured food 

security found no impact on experiences of food security [213]. 
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Gender equity  

The participatory agroecology intervention improved gender equity in certain domains 

and dimensions. It is important to discuss these various domains separately because 

empowerment in one domain does not guarantee empowerment in other domains [47,49]. 

Decision-making. We found that the intervention increased women’s relative power in 

agriculture and income allocation decision-making. This is important because when women 

tend to make decisions that improve children’s diet. For example, women’s agricultural 

decision-making is found to mitigate impact of low production diversity [261] and cash 

controlled by women is more likely to be used to purchase food [72,78] which results in a higher 

positive influence on household-level calorie availability and health outcomes [81–87].  

Despite showing similar impacts to other NSAs, we argue that this intervention 

achieved them through a different route, namely increased dialogue between men and women, 

and efforts to transform gender norms at the community level through these participatory 

efforts [39,262]. Most conceptual frameworks in NSA [6,263], and other nutrition-sensitive 

agriculture projects [210,214] attribute change in resource allocation due to direct transfer of 

assets and livestock to women, while this intervention found significant improvements despite 

distributing legume seeds to both men and women. This approach is in keeping with a broader 

agroecological approach, which prioritizes social equity and supporting collective knowledge 

within communities [264].  
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However, it is important to note that despite the increase, women’s decision-making 

power is still much lower than men’s and that that men’s decision-making power did not 

change. These findings indicate to use that despite the increase, the magnitude of this impact is 

quite small and may not be enough to make a difference in de facto income allocation or 

production decisions in the household. Analysis on how much these improvements in decision-

making would impact child nutrition is needed. 

Time use. We found that the intervention did not significantly change women’s time 

use. While other agroecological intervention studies have reported qualitative evidence of no 

impact on women’s overall time use [262], this is the first study known to have provided 

quantitative evidence of no time use impact. This non-impact is significant since other nutrition-

sensitive agriculture projects found that project participation increased time women spent in 

agriculture at the expense of time spent in household work and child care [214]. This might be 

due to the intervention having both men and women engaged in all of project topics while 

many nutrition-sensitive agriculture projects only enroll women. While it is true that women 

are more likely to allocate household resources for a child’s nutrition and well-being, this 

approach runs the risk of perpetuating the stereotype that child care and nutrition is solely 

women’s responsibility [207,265] which in turn result in competition over women’s time [89].  

Depression. Improved mental health for women could be considered as a crucial 

measure of women’s empowerment and as an important component of sustainable 

development goal on its own right [266]. The level of impact which the intervention had on 
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women’s depression was not expected. Women’s depression score was reduced significantly for 

intervention households, such that it became similar to men’s mental health. We also saw a 

reduction of prevalence of probable depression by 12 percentage points (p=0.003, Sup. Fig. 3.4). 

To the best of our knowledge, we are the first trials who has shown this impact of a 

participatory agroecology intervention or even agricultural interventions in general, on 

women’s mental health. 

“Randomized Participatory” as strengths and limitation 

It is impossible to have a randomized trial truly be participatory. The researchers in this 

study ultimately decided on the project goal and focused on legume diversification as the main 

agroecological approach, even though such decisions were heavily informed by local 

governments and farmers interviewed in the pilot study. The study was designed in such a 

way, however, that prioritized farmers having a say on the various project activities and 

priorities and fostered farmer-to-farmer exchange and mentoring. This amount of control by 

mentor and participant farmers means that this study did not test simply implementation of 

agroecological practices on children's nutrition, but rather the effect of this model of 

participatory agroecology intervention. Moreover, some mentor farmers did not fully agree 

with messages promoted by the intervention, especially those regarding gender, which might 

explain the overall smaller estimates of impact compared to other nutrition-sensitive agriculture 

project. 
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Next research steps 

This paper shows an intention-to-treat analysis to maintain original random treatment 

allocation [250] but reports a conservative estimates of effect. Further research is needed to 

quantify various levels of participation and assessing their impact on the various project 

outcomes. Analysis to understand characteristics of those households who use agroecological 

practices and who demonstrate changes in gender relations and child feeding practices would 

help inform further targeting of these types of projects in the future. Further analysis and 

incorporation of qualitative data is also needed to understand some of the findings, especially 

on understanding pathways towards the reduction of depression and the role of women’s 

empowerment in improvements in children’s diets.  

CONCLUSION 

We found that a participatory intervention promoting agroecological practices, gender 

equity, and nutrition can have a significant impact on children’s diet, sustainable agricultural 

practices, men’s engagement in household work and child care, and women’s depression over a 

relatively short period of time in rural Tanzania. The study points to the potential for 

agroecology combined with an emphasis on gender equity and nutrition to make 

transformative sustainable changes in rural African communities.  
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INTRODUCTION  

Nutrition-sensitive agriculture (NSA) interventions aim to improve child’s nutrition by 

leveraging agriculture to address underlying determinants of nutrition, such as poverty, food 

insecurity, and scarcity of access to adequate care resources [44,263]. NSA is hypothesized to do 

so by improving household food production, agricultural income, and women’s empowerment 

and well-being [23]. An increase in women’s decision-making power in resource allocation 

leads to increases in resources allocated to child health and nutrition [68,72,73,79,267,268] 

because women are usually responsible for the care and feeding of young children [68]. Since 

the nutritional impact of agricultural interventions ultimately depends on who is able to benefit 

from increased household material resources (e.g. food and money) that result from improved 

household food production and agricultural income [27], women’s empowerment is considered 

important to the success of NSA in addition to being an important goal on its own right. 

In the current literature, NSA interventions are expected to impact women’s 

empowerment and well-being through three proposed mechanisms. The first is through 

provisions of assets e.g. agricultural tools, livestock and agricultural training to women which 

in turn, is expected to allow women to increase their own farming, usually through homestead 

gardening. Women would have a say in how products from these garden and subsequent 

income are used and therefore should increase their bargaining power around the house [44]. 

The second is through the behavior change communication (BCC) packages in some NSA 

interventions, especially those promoting gender equality. An example is sessions within the 

nutrition BCC promoting more joint decision-making within couples, or other household 
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members to support women to practice key decisions impacting nutrition [214]. The third 

mechanism is through increased social capital from and organizing around the formation of and 

interaction within the small groups through which many NSA interventions occur [31].  

However, evidence show that NSA have not impacted women’s empowerment as much 

as was initially expected. For example, a study providing livestock to poor women in 

Bangladesh found that even though women retain ownership of livestock, men control the 

decision on what to do with the income from livestock sales [269]. Similarly, a homestead food 

production program in Burkina Faso found an increase in women’s asset ownership [212]. 

However, further reading revealed that woman’s asset ownership only increased slightly and 

was likely the production tools provided by the program, with no detectable changes in 

decision-making dynamic in the household. Another NSA intervention in Zambia found 

improvements in agricultural decision-making at the expense of increased time burden for 

women (less time for childcare and leisure) [214].  

These results prompted us to consider the concept of gender equity, in addition to 

women’s empowerment, in this discussion of NSA mechanism. Women’s empowerment is the 

process in which women gain the ability to make strategic life decisions [24]. Focus on women’s 

empowerment in NSA means ensuring women’s command over material resources to ensure 

she is able to care and feed her young children. Gender equality is the goal where people 

regardless of gender, are free to develop their personal abilities and make choices without the 

limitations set by stereotypes, rigid gender roles and prejudices [270]. Gender equity means 

fairness of treatment regardless of gender according to their respective needs to achieve gender 
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equality. Focusing on gender equity would challenge the stereotype that childcare and nutrition 

are women’s domain in the first place.  

Participatory approaches in agricultural interventions hold potential to address gender 

inequity in farming and childcare, and therefore, an alternative approach towards women’s 

empowerment. Participatory interventions involve a process of sequential reflection and action 

by participants (rather than on them), extension workers, and researchers [217,271,272]. A 

participatory agriculture intervention engages both men and women in identifying solutions for 

food security and nutrition, through which discussion in gender roles and efforts to transform 

gender norms at the community level can come up without being forced [39,217,273]. For 

example, a participatory education of sustainable agriculture in Ekwendeni, Malawi was 

successful in changing norms around men helping cook a household’s meals or a child’s 

complementary food [34], and a mixed‐gender farmer research intervention on crop diversity in 

Honduras have promoted women's leadership [40].  

We, therefore, analyzed the impact of a participatory nutrition-sensitive agriculture 

intervention in Singida, Tanzania on various measures of women’s empowerment and gender 

equity. Women’s empowerment was operationalized as women’s time allocation, decision-

making in material allocation and production decisions, mobility and social capital, and attitude 

towards and experience with intimate partner violence. To analyze project’s impact on gender 

equity, we compared previously mentioned indicators of women to men's from the same 

community. We also analyzed the project’s impact on women’s mental health.  
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METHODS 

Setting 

This study took place in 20 villages in the Singida rural district. Most people in the area 

rely on agricultural and livestock activities as their primary source of livelihood [225], and 

agricultural activities follow a unimodal pattern throughout the year [226,227]: planting in 

November-December and harvest in May-July.  

There is high gender inequality in the area [274]. Four in five women reported that their 

partner used at least one controlling behavior, such as the man having more say in important 

decisions affecting the couple, needing to know where the woman is all the time, or expecting 

his partner to agree to have sex when he wants it. Many women reported frequently being 

afraid of their partner - 23 percent said that they fear him often or all the time. Women spend an 

average of nearly 30 hours per week on cooking, cleaning, doing laundry, fetching water, and 

going to the market, while men spend just over 12 hours per week on these tasks. Women also 

have less access to productive resources. Nearly three quarters of all landholders are men. 

Women own fewer livestock than men and have more restricted access to new technologies, 

training, vocational education, extension advice, credit and other financial services.  

Intervention 

Singida Nutrition and Agroecology Project (SNAP-Tz) is a cluster randomized trial to 

test if a participatory agroecological intervention can improve children’s dietary diversity score, 

through improvements in sustainable agriculture practices, food security, and gender equity. 
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The project enrolled 25-30 households each from 20 villages (n=598). This sampling was 

designed to ensure that the study was powered to detect a 0.1 difference in children’s dietary 

diversity score, which was the primary outcome of the intervention. Post-hoc power calculation 

also revealed that the project was powered to detect 0.02 difference in women’s income 

allocation decision-making power (range: 0-1) and 24 minutes difference in women’s time 

allocated for various tasks.  

As part of a participatory research method which drew on previous experience with 

‘farmer research teams’ [40,231], two mentor farmers (one male, one female) were elected from 

amongst the participants in each village at the first participant-only project meeting. Mentor 

farmers participated in a farmer-to-farmer learning exchange with farmer research teams of the 

Malawi Farmer to Farmer Agroecology (MAFFA) project, a previously established participatory 

agroecology intervention [275].  

They also participated in a training using the Farming for Change curriculum, an 

integrative curriculum linking agroecology with climate change, human and soil nutrition, 

gender, and related components of social equity. The curriculum was designed in collaboration 

with and for smallholders in southern Africa with limited formal education focused on 

experiential-based learning and theatre to explore integration of the various topics [232]. 

Messages pertaining to women’s empowerment and gender equity in the curriculum include 

sessions on inequality in general, gender inequality, gender roles, division of labor at home and 

other places, healthy relationships, family budgets and food, alcohol and drug abuse, gender 

inequality and HIV, positive parenting and two modules on gender-based violence. 
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Mentor farmers then extended their learning to their peers through knowledge sharing 

and encouraging household experimentation in agroecology practices, nutrition, and gender 

equity by organizing at least one meeting and one household visit each month. Every quarter, 

mentor farmers and the project team met to discuss progress, challenges, and solutions to those 

challenges of peer mentoring and household experimentation with different agroecological, 

nutrition, and gender equity strategies in households. Through these meetings, mentor farmers 

actively decided on the project direction.  

All the study participants provided informed consent before taken part in the research. 

The study received approval from the Cornell University’s Institutional Review Board for 

Human Participants [1511005983], Tanzania’s Commission for Science and Technology [2018-

207-NA-2015-121], and Tanzania’s National Institute for Medical Council. 

Data collection 

We used multiphase mixed methods study design [276] to specifically understand the 

existing gender dynamic in Singida and how the project, especially in the first year of 

implementation (August 2016-August 2017), fits within it.  

Survey. Every January between 2016 and 2019, during the growing season, we collected 

data on women’s time allocation, material allocation, production decisions, mobility and social 

capital, intimate partner violence, and mental health (see Table 4.1). Starting January 2017, we 

collected all these data l for men. In July 2017 and 2018, we also collected data on time use of 

men and women during the harvest season. 
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We observed and took notes (participant observation; PA) during various meetings as 

conducted by mentor farmers and project staff visits to various villages, during most quarterly 

mentor farmer meetings throughout the project implementations, and when current mentor 

farmers trained farmers from the delayed intervention villages at the end of the project. In these 

observations and discussions with mentor farmers, we documented lessons learned, successful 

practices, and challenges faced by mentor farmers as they discussed gender equity in their 

communities [277]. 

In semi-structured interviews with participating households (HH) and mentor farmers 

(MF), we asked about what gender equity means to them, their opinion on the project’s stance 

on gender equity, and how time and material allocation is practiced in their households. Male 

and female participants (n=79) were purposively selected from 5 of the 10 intervention villages, 

stratified by the level of their engagement with the project as defined by mentor farmers. All 

mentor farmers (n=20) were interviewed 3 times throughout the first year of implementation. In 

these mentor farmer interviews, we also discussed the current success and challenges of the 

implementation so far.  

Photovoice (PV) is a participatory action research method that utilizes photography to 

give participants an opportunity to record, reflect on, and discuss their experiences in farming 

and childcare [278,279]. Six to seven months after the start of the project, participant households 

from 4 villages (n=31 interviews, 4 focus groups) were asked to take pictures of their 

experiences with farming and childcare. Those involved in this activity were instructed on how 

to use the camera and were given seven full days to take pictures. At the end of the period, we 
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conducted one-to-one interviews about each picture and asked participants to choose three 

pictures that was most relevant to them. Afterwards, all participants gathered, told stories 

about what the photographs meant to them, and together chose the pictures that is most 

relevant to them. 

During the participatory dissemination (PD) activities, we displayed graphs of project-

wide survey results to mentor farmers and village-specific survey results to participants 

including those about attitude towards intimate partner violence, men and women’s time 

allocation, and depression. In groups of two to six (n=31), research assistants presented the 

results and asked farmers (1) whether the survey results reflect their experiences, (2) if that was 

something that needs to be changed within their community, (3) and if yes, how.  

For semi-structured interviews (HH, MF), photovoice (PV), and participatory 

dissemination (PD) activities, an interview guide was drafted in English and translated into 

Swahili. These interviews lasted between 45-90 minutes and were conducted by either the first 

author with the help of a translator or by a research assistant with experience in qualitative data 

collection. For analysis, interviews were transcribed in Swahili and then translated into English 

by research assistants from the same community to ensure translation of some contexts.
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Table 4.1: Domains of women’s empowerment and gender equity analyzed in this study  

 Survey Qualitative data 

collection 

Time 

allocation 

From 24-hour time use recall, primary and secondary activities on each hour were then 

categorized to agricultural work, heavy housework, light housework, childcare, leisure, or 

sleep [241].  

Average score of women reported whether husband help on the following activities 

(1=yes, 0=no): fetching water, collecting fuel wood, cooking, cleaning the house, caring for 

your child, and carrying manure to the field.  

Baseline situation in 

PV, MF, HH 

Success and challenges 

in PA, MF, HH 

Material 

allocation 

Income allocation decision-making was estimated by averaging amount of input1 and 

autonomy2 on who makes decisions on the income from production activities (see below) 

and on major household purchases. 

Childcare decision-making was estimated by averaging the amount of input1 on whether 

the child gets to go to school, what to do if the child is sick, and what to feed the child. 

Household management decision-making was estimated by averaging the amount of 

input1 on how food storage is managed and daily household purchases.  

Baseline situation in 

PV, MF, HH 

Success and challenges 

in PA, MF, HH  

Production 

decisions 

Production decision-making was estimated by averaging amount of input1 and autonomy2 

on questions on who makes decisions on cash crop farming, food crop farming, livestock 

raising, non-farm business activities, and wage employment if the household is engaged 

in the activity [241]. 

Baseline situation in 

PV, MF, HH 

Success and challenges 

in PA, MF, HH 

Mobility and 

social capital 

Mobility decision-making was estimated by averaging the amount of input1 on whether 

the respondent join an organization, visit friends and relatives, and visit health clinics. 

Adequate social support was defined as having average response of higher than 3 in the 

Functional Social Support Scale [280] (range: 0-4). 

Baseline situation in 

PV, MF, HH 

Success and challenges 

in PA, MF, HH 



 

-88- 

 

Table 4.1: Domains of women’s empowerment and gender equity analyzed in this study  

 Survey Qualitative data 

collection 

Intimate 

partner 

violence 

Attitude towards intimate partner violence was the average score on whether a husband is 

justified in beating his wife if she leaves the house without telling him, neglects the kids, 

argues with her husband, refuses sex, did not cook the food properly, asks him to stop 

drinking, or asks him how she spends money.  

Women were categorized as having experienced intimate partner violence if they have 

been made to feel bad about themselves (emotional violence), been hurt on purpose 

(physical violence), been forced to have sex (sexual violence), or have had money taken 

away forcefully (financial violence) in the past year. 

Reflection on survey 

results in PD 

Mental health Evaluated using the Center for Epidemiologic Studies Depression Scale (range: 0-65). 

Probable depression is indicated using the East-African specific cut-off of 17 [281]. 

Reflection on survey 

results in PD 

Index Five domains empowerment (5DE) score of the Abbreviated Women’s Empowerment in 

Agriculture Index [241] is the weighted average if a person is empowered in productive 

decisions (weighted at 1/5; having at least some input), ownership of assets (2/15; sole or 

joint ownership of one non-small asset), access to credit (1/15; makes the decision to 

borrow or what to do with money borrowed from any sources), control over use of income 

(1/5; having at least some input), group membership (1/5; being a member in any group), 

and workload (1/5; working less than 10.5 hours a day) 

 

Data collected for both men and women unless otherwise specified. 1 no/little input=0, some input=0.5, final say=1; 2 cannot make 

decision on their own=0, can to some extent=0.5, always can=1; Qualitative data collection: Participant observation (PA); Semi 

structured interviews with mentor farmer (MF) and participant farmers (HH), Photovoice (PV), Participatory dissemination (PD) 
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Data analysis 

Qualitative data was analyzed using the constant comparative method [282]. Firstly, 

initial coding scheme was developed by first author and Tanzanian research assistants based on 

a priori themes from interview scripts and themes that come up repeatedly during interviews 

and focus groups. Secondly, a group of research assistants was formed for each type of data 

collection. For 3 months, each group coded the transcripts, identified further emergent themes 

to add to the overall coding scheme, and compared them within and across transcripts. A 

workshop was then organized to identify salient findings across data type. All coding was done 

using Dedoose (Sociocultural Research Consultants, LLC., Los Angeles, CA). 

Paper survey data was entered using ODK [283]. To maintain balance generated from 

the original random treatment allocation [250], we estimated the intention-to-treat impact of the 

project  using fixed-effects panel regressions. 

Yijt = β0 + βDD ∙ Sj ∙ Pt + β1 ∙ Sj + β2 ∙ Pt + uijt …………………………………………………… [1] 

Yijt = β0 + βDD ∙ Sj ∙ Pt + β1 ∙ Sj + β2 ∙ R1 + β3 ∙ R2 + β4 ∙ R3 + uijt………………………………… [2] 

Yijt = β0 + βDD1 ∙ Sj ∙ R1 + βDD1 ∙ Sj ∙ R2 + βDD1 ∙ Sj ∙ R3 + β1 ∙ Sj + β2 ∙ R1 + β3 ∙ R2 + β4 ∙ R3 + uijt… [3] 

where Yijt is an outcome for women i living in village j and interviewed during the 

survey round t; Sj is a dummy variable indicating whether the household lives in a village 

randomized to receive SNAP-Tz; Pt is a dummy variable whether the observation pertains to 

any round after baseline. Equation [1] was used to estimate the average effect accounting the 

averaged survey round effects. Equation [2] estimated the average program effect while 
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accounting for survey round effects to differ from each other. Equation [3] allowed both the 

survey round effects and the treatment effects to vary for each survey round. All analyses were 

done on Stata14.  

For indicators for which we do not have baseline data, we reported group differences 

using multilevel modeling that accounts for household random effects. We understand limited 

inference can made from these estimates.  

Yijt = β0 + β1 Dj + β2 St + β3 (DjSt) + α J + δ Zij + γ Ctj + λj + μij + eitj 

Where Yitj = outcome variable for household i from village j at time t; Dj = (fixed) 

dummy variable indicating whether village j is assigned in the intervention group; St = (fixed) 

categorical variable indicating whether measurement t is taken in 2016 (baseline), 2017, or 2018; 

J = random effects of village; Zij = potential time-invariant household level covariates such as 

household size and education level of main male and female decision maker in the household; 

Ctj = time-varying community level covariates; λj = time-invariant community level unobserved 

heterogeneity; μij = time-invariant household level unobserved heterogeneity; and etj = time-

varying household level unobserved heterogeneity. All survey data cleaning and analysis were 

done on Stata14.  

RESULTS 

Baseline characteristics indicate that households Assign. to SNAP-Tz or delayed 

intervention are not systematically different from one another (Table 4.2). On average, women 

enrolled in the project were 30 years old and had roughly 7 years of education, i.e. they had 
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finished primary school. Most participants indicate farming as their primary occupation (98%) 

and were of the Nyaturu ethnic group (97%). Most participants were also married, either 

monogamous (85%) or polygamous (8%).  

Impact on women’s empowerment and gender equity 

For each section, we will discuss the baseline situation and the intervention impact on 

that facet of gender equity. 

Time allocation  

Baseline. During both growing and harvest season, women spent less time on 

agriculture work than men but spent much more time on unpaid care work. During the 

growing season, this meant that low amount of leisure time was available for women and men 

spent very little time on household chores and childcare (Fig. 4.1). 

When we come back from farming, he rests. I enter in the kitchen to start cooking, and 

sometimes there is no water, I just get little time to rest.  

 [PV, female, Nov 2016] 

It is our tradition: she must be home, she can check different things when she is at home and 

when the dark arrives [at night], she is supposed to take care of the family, and she must look 

after her children and other things. 

[HH, male, Apr 2017] 

There was some evidence of men’s involvement in household and childcare tasks, 

especially during the harvest season. However, these involvements were seen as assistance 

when the primary care taker, mothers, were not available especially due to illness or pregnancy.  

When the woman is pregnant and when she gets gives birth, the man is supposed to help her. 
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[MF, male, Jul 2016] 

 They do those chores when there is an emergency, for example, when the wife is sick, but 

when she is well all those chores are a woman’s job. 

[PV, female, Jan 2017] 

These involvements also tend to happen when the tasks require tools, access to which tend to be 

dominated by men.  

He can help preparing fire woods. We go together with his oxcart and bring the log home, 

and if the log is big, he helps splitting it. 

[HH, female, Dec 2016] 

Another pattern worth noting is the growing expectations for women to contribute to 

earning income for the household, especially to help fund children’s needs. This pattern 

appears to add to a woman’s time burden.  

We do not have any other means to get the income, and she is not employed so she has to do 

something. In our community, the only way of getting income is by selling vegetables 

because it is what is available in our environment. The market is not far from our village, so 

the environment provides her the chance to do this business. 

[MF, male, Mar 2017] 

Project impact. The project had no impact on how women spend their time (Table 4.2A). 

However, the project found small impact on men’s time allocation (Table 4.2B, Fig. 4.2) where, 

on average, men in the intervention group spend 32 additional minutes (p=0.002) on household 

work and childcare in the growing seasons. Women also reported this impact; they said that 

their husbands are helping more around the house (husband help score; βITT=0.07, p=0.003).  
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 Fig. 4.1: Time allocation, by gender, in 2017 (N for growing season: 456 male, 562 female; N for harvest season: 468 male, 552 female). We 

presented 2017 data because men’s time allocation data were not collected at baseline.  
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A – Time for agriculture, income earning work 

 
B – Time for household work, childcare 

 
C – Time for leisure 

 
D – Husband help score 

 

Fig. 4.2: Time allocation outcomes, by intervention arm. All standard error shown controlled for clustering at village level. (n=532-581 for 

women’s data; 455-480 for men’s data) 
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Table 4.2A: Project impact on women’s time allocation during the growing season and husband help score, fixed effects regression  

 Time spent on 

agriculture 

Time spent on household 

work, childcare 

Time spent on leisure Husband help score 

Assigned to project # 

post baseline 

-.04 

(0.27) 
 

0.26 

(0.29) 
 

0.02 

(0.22) 
 

0.07** 

(0.02) 
 

Assigned to project # 

2017 
 

0.25 

(0.32) 
 

0.13 

(0.35) 
 

-0.03 

(0.27) 
 

0.09** 

(0.03) 

Assigned to project # 

2018 
 

0.38 

(0.33) 
 

-0.12 

(0.36) 
 

-0.23 

(0.28) 
 

0.09** 

(0.03) 

Assigned to project # 

2019 
 

-0.80* 

(0.33) 
 

0.78* 

(0.36) 
 

0.34 

(0.28) 
 

0.03 

(0.03) 

Post baseline 
1.43*** 

(0.21) 
 

-4.33*** 

(0.23) 
 

2.21*** 

(0.18) 
 

-0.13*** 

(0.02) 
 

2017 
-0.02 

(0.17) 

1.26*** 

(0.23) 

1.42*** 

(0.18) 

-2.85*** 

(0.25) 

-1.21*** 

(0.14) 

1.03*** 

(0.19) 

-0.01 

(0.02) 

-0.15*** 

(0.02) 

2018 
-0.46** 

(0.17) 

0.76** 

(0.23) 

1.12*** 

(0.18) 

-3.03*** 

(0.25) 

-0.81*** 

(0.14) 

1.53*** 

(0.20) 

0.00 

(0.02) 

-0.13*** 

(0.02) 

2019  
1.79*** 

(0.23) 
 

-4.59*** 

(0.25) 
 

2.06*** 

(0.20) 
 

-0.11*** 

(0.01) 

N 2208 2208 2208 2208 2208 2208 2208 2208 

R2 0.057 0.066 0.271 0.274 0.140 0.142 0.044 0.047 

Note:  standard error shown on parentheses we took geographic clustering within the 20 villages into account. *** p < 0.001, ** p < 

0.01, * p < 0.05. 
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Table 4.2B: Average group difference on measures of time spent with no baseline over time 

 Time spent on 

agriculture 

Time spent on 

household work 

Time spent on 

leisure 

Women’s time during 

harvest season 

-0.11 

(0.29) 

0.19 

(0.29) 

-0.09 

(0.20) 

Men’s time allocation, 

during growing season 

-0.13 

(0.28) 

0.54** 

(0.18) 

-0.53* 

(0.21) 

Men’s time allocation,  

during harvest season 

-0.07 

(0.30) 

0.32 

(0.26) 

-0.39 

(0.26) 

Note:  standard error shown on parentheses we took geographic clustering within the 20 villages 

into account. *** p < 0.001, ** p < 0.01, * p < 0.05. 

Qualitatively, mentor farmers and participants also reported this change in men’s 

involvement in household work and childcare.  

P1: Before this project, my husband was never helping me; but after beginning this project, 

he has changed and started helping me in some of the household activities. 

 P2: This project has very much helped me, even my husband now helps me a lot in 

household activities. 

 [PD, all female, Jun 2017] 

One time when we went to visit one house, the man was helping his wife do house chores. 

But, when we knocked on the door, he ran inside and didn’t want to be seen by people 

helping his wife. He said in the past people thought his wife was not treating him well, so 

that’s why he was afraid to help her, so we called him and congratulated him for what he is 

doing, and there was another place where a man was cooking. 

[MF, female, Aug 2017] 

This change was due to mentor farmer’s heavy emphasis in time allocation that it 

becomes the de facto definition of gender equity amongst the participants.  

Q: And when you say this project is about gender equity, what do you mean, and please 

explain why you say it’s about gender. 
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P1: This project means that when I say gender equity that men and women should equally 

help each other in daily activities. 

Q: Anything else in about gender? 

P2: Helping each other in with chores: a man can cook and do any other household activity. 

Q: Anything else about gender, and is there anything else you know about gender equity? 

P2: Yes, helping each other with my husband: we can both farms, cut millet, and a man can 

go to graze cattle and a woman stays home and cooks. 

Q: That is in helping each other in activities, anything else [P3], is there anything else in 

gender equity? 

P3: I would just add that on men’s side in gender we are supposed to share the duties such as 

taking care of the family we must cooperate. 

[PD, all female, Aug 2017]  

Mentor farmers reported choosing this emphasis after being inspired by their interactions with 

existing mentor farmers in Malawi.  

There people are doing things which I didn’t expect, for example, we saw men carrying the 

children on their backs with the clinic bags. It was a surprise because here you can’t find a 

man carry a child on his back, maybe if he uses a bicycle. 

[MF, female, Jul 2016] 

These things they are saying about gender, we all know from before. So many people have 

told us to do these things. But I just always see it as not me. But, when I see the farmers in 

Malawi helping each other, I decide that maybe I can try. 

[MF, male, Oct 2018] 

Material allocation, production decisions 

Baseline. In the survey, most women reported that most material allocation and 

production decisions are made together and that they give ‘some inputs’ (Fig. 4.3). On average, 

however, women reported having less say on production and material allocation decisions 

while having slightly more say on childcare and household management decisions. We also saw 

this qualitatively:  
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Q: How did you make your decision here at your home? 

P: When we decide here, he can say, ‘Let’s sell something we can get money for and use, or 

school uniform if children don’t have that.’ 

 [PV, female, Feb 2017] 

Qualitative data, however, also showed that these reports in making decisions together 

might be due to the importance of peace and agreement as a hallmark of a good household and 

not a guarantee that men consider women’s opinions.  

A good household is one at peace where the woman has to obey her husband, and be a 

listener, not a drunkard. 

[MF, female, Jul 2016] 

Q: Is there any time you decide something, and your wife come argues against you?  

P: No, because we are living in peace. 

Q: So, when you say anything she can’t say no? 

P: Yes, she cannot say no. 

Q: Does your wife have any ideas? 

P: No, she doesn’t. 

[PV, male, Feb 2017] 

Project impact. We found that the intervention had a small impact on decision making 

on women’s income allocation (β=0.07, p<0.001) and household management (β=0.05, p=0.016) 

in addition to the overall upwards trend (Table 4.3A, Fig. 4.3). These changes in women’s 

decision-making, however, were not accompanied with changes in how men perceived their 

decision-making power (Table 4.3B). Men’s income allocation decision-making power was still 

much higher, and their household management decision-making power was still much lower 

than women’s. The intervention had no statistically significant impact on childcare decision-

making.  
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A – Production decisions 

 
B – Income allocation decisions 

 
C – Childcare decisions 

 
D – Household management decisions 

 

Fig. 4.3: Material allocation, production decision outcomes, by intervention arm. All standard error shown controlled for clustering at 

village level. (n=532-581 for women’s data; 455-480 for men’s data) 
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Table 4.3A: Project impact on women’s material allocation and production decisions, fixed effects regression 

 Production decisions Income allocation decisions Child care decisions Household management 

decisions 

Assigned to project # 

post baseline 

0.04 

(0.02) 
 

0.07*** 

(0.02) 
 

0.04 

(0.02) 
 

0.07*** 

(0.02) 
 

Assigned to project # 

2017 
 

0.01 

(0.03) 
 

0.05* 

(0.02) 
 

0.01 

(0.03) 
 

0.05* 

(0.02) 

Assigned to project # 

2018 
 

0.07** 

(0.03) 
 

0.11*** 

(0.02) 
 

0.07** 

(0.03) 
 

0.11*** 

(0.02) 

Assigned to project # 

2019 
 

0.03 

(0.03) 
 

0.07** 

(0.02) 
 

0.03 

(0.03) 
 

0.07** 

(0.02) 

Post baseline 
0.12*** 

(0.02) 
 

0.11*** 

(0.01) 
 

0.12*** 

(0.02) 
 

0.11*** 

(0.01) 
 

2017 
-0.13*** 

(0.01) 

-0.00 

(0.02) 

-0.15*** 

(0.01) 

-0.03* 

(0.02) 

-0.13*** 

(0.01) 

-0.00 

(0.02) 

-0.15*** 

(0.01) 

-0.03* 

(0.02) 

2018 
-0.30*** 

(0.01) 

0.00 

(0.02) 

-0.12*** 

(0.01) 

-0.03 

(0.02) 

-0.30*** 

(0.01) 

0.00 

(0.02) 

-0.12*** 

(0.01) 

-0.03 

(0.02) 

2019  
0.13*** 

(0.02) 
 

0.11*** 

(0.02) 
 

0.13*** 

(0.02) 
 

0.11*** 

(0.02) 

N 2207 2207 2207 2207 2207 2207 2207 2207 

R2 0.053 0.096 0.121 0.124 0.053 0.096 0.121 0.124 

Note:  standard error shown on parentheses we took geographic clustering within the 20 villages into account. *** p < 0.001, ** p < 

0.01, * p < 0.05. 
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Table 4.3B: Group difference on men’s indicators of material allocation 

 
Production 

decisions 

Income 

allocation 

decisions 

Childcare 

decisions 

Household 

management 

decisions 

Assigned to 

project 

-0.00 

(0.01) 

-0.00 

(0.01) 

0.01 

(0.02) 

0.00 

(0.02) 

Note:  standard error shown on parentheses we took geographic clustering within the 20 villages 

into account. *** p < 0.001, ** p < 0.01, * p < 0.05. 

 

Mobility and social capital 

Baseline. The average social support score at baseline is 24.7, which meant 78% of 

women had adequate social support (Fig. 4.4). Similar to other decision-making indicators, most 

women reported having some inputs on mobility decisions. Role of importance of agreement 

and peace also seem to govern these reports of decision-making. 

I: May be if she wants to join with the group, she must ask you for permission or she can 

decide alone? 

P: She must ask for permission. 

I: Can you explain why? 

P: Because we are together and we are loving each other, my wife, she must get the 

permission from me in order for me to check this thing is good or not. 

[HH, male, Nov 2016] 

Project impact. On average, assignment to intervention increased women’s decision-

making on mobility (β=0.07, p=0.003) and social support score by 2.46 (p<0.001) to levels that are 

now equal to men’s (Table 4.4A). This increase in social support amongst women allows 13 

percentage points (p<0.001) additional women to be considered having adequate social support 

(Fig. 4.4). We did not see a difference in men’s mobility decision-making and social support 

score between the groups (Table 4.4B, Fig. 4.4).  



 

-102- 

 

 
A – Mobility decision 

 
B – Proportion having adequate social support 

 
C – Attitude towards intimate partner violence 

 
D – Proportion of women experiencing intimate partner violence 

 

Fig. 4.4: Mobility and social capital and intimate partner violence outcomes, by intervention arm. All standard error shown controlled for 

clustering at village level. (n=532-581 for women’s data; 455-480 for men’s data) 

0.0

0.2

0.4

0.6

0.8

1.0

2016 2017 2018 2019

0.0

0.2

0.4

0.6

0.8

1.0

2016 2017 2018 2019

0

1

2

3

4

5

2016 2017 2018 2019

0.0

0.1

0.2

0.3

0.4

2016 2017 2018 2019



 

-103- 

 

 
A – CES-D score 

 
B – Proportion of those with probable depression 

 

Fig. 4.5: Mental health outcomes, by intervention arm. All standard error shown controlled for clustering at village level. (n=532-581 for 

women’s data; 455-480 for men’s data) 

 

Table 4.4B: Group difference on men’s social capital, intimate partner violence, mental health 

 

Mobility decisions 
Social support 

score 

Attitude towards 

intimate partner 

violence 

Experience with 

intimate partner 

violence 

Depression score 

Assigned to project 
-0.00 

(0.02) 

0.55 

(0.36) 

-0.10 

(0.20) 

-0.04* 

(0.01) 

-0.45 

(0.42 

Note:  standard error shown on parentheses we took geographic clustering within the 20 villages into account. *** p < 0.001, ** p < 

0.01, * p < 0.05. 
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Table 4.4A: SNAP-Tz impact on women’s social capital, intimate partner violence, mental health fixed effects regression  

 Mobility decisions Social support score Attitude towards 

intimate partner 

violence 

Experience with 

intimate partner 

violence 

CES-D score 

Assigned to project # 

post baseline 

0.07** 

(0.02) 

 2.46*** 

(0.71) 
 

-0.38 

(0.23) 
 

-0.09** 

(0.03) 
 

-2.76*** 

(0.76) 
 

Assigned to project # 

2017 

 0.06* 

(0.03)  
1.82* 

(0.87) 
 

-0.15 

(0.28) 
 

-0.15*** 

(0.04) 
 

-2.13* 

(0.92) 

Assigned to project # 

2018 

 0.09** 

(0.03)  
3.79*** 

(0.89) 
 

-0.47 

(0.28) 
 

-0.05 

(0.04) 
 

-3.18*** 

(0.94) 

Assigned to project # 

2019 

 0.07* 

(0.03)  
1.81* 

(0.89) 
 

-0.53 

(0.29) 
 

-0.07 

(0.04) 
 

-3.04** 

(0.95) 

Post baseline 
-0.07** 

(0.02) 

 -2.03*** 

(0.57) 
 

-1.25*** 

(0.18) 
 

-0.23*** 

(0.03) 
 

-1.53* 

(0.60) 
 

2017 
-0.10*** 

(0.01) 

-0.16*** 

(0.02) 
-0.51 

(0.45) 

-2.22*** 

(0.61) 

0.71*** 

(0.14) 

-0.66*** 

(0.20) 

0.16*** 

(0.02) 

-0.04 

(0.03) 

1.64*** 

(0.48) 

-0.20 

(0.65) 

2018 
-0.10*** 

(0.01) 

-0.18*** 

(0.02) 
0.30 

(0.45) 

-2.39*** 

(0.62) 

0.38** 

(0.14) 

-0.83*** 

(0.20) 

0.07*** 

(0.02) 

-0.17*** 

(0.03) 

-2.10*** 

(0.48) 

-3.42*** 

(0.66) 

2019 
 -0.07*** 

(0.02)  
-1.71** 

(0.62) 
 

-1.18*** 

(0.10) 
 

-0.23*** 

(0.03) 
 

-1.39* 

(0.66) 

N 2207 2207 2207 2207 2208 2208 2208 2208 2208 2208 

R2 0.087 0.087 0.013 0.017 0.066 0.068 0.106 0.109 0.079 0.080 

Note:  standard error shown on parentheses we took geographic clustering within the 20 villages into account. *** p < 0.001, ** p < 

0.01, * p < 0.05. 
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Intimate partner violence 

Baseline. At baseline, 32% of women reported having experience of intimate partner 

violence with most reported having an overall accepting attitude towards intimate partner 

violence (score of 4.1 ± 2.5, range: 0-7). Men reported a less accepting attitude towards intimate 

partner violence. When asked to explain this difference, participants explained that men 

understood these questions as asking for their ideals while women answered from experience. 

Households are supposed to be loving and listening to each other. That is why it is not good 

for us for men to oppress their wives. 

[PD, all male, Jul 2017] 

I see that this graph is true from our experience.  

[PD, all female, May 2017] 

Project impact. We saw an overall decrease in women’s attitude towards intimate 

partner violence in both groups over time. The project seemed to show trends towards less 

accepting attitude towards intimate partner violence, especially in women even though it is not 

statistically significant (Table 4.4A). Nevertheless, the project seems to have decrease women’s 

experience with intimate partner violence (β=-9 pp, p=0.008) in addition to the overall 

downwards trend in the community. 

Mental health 

Baseline. At baseline, we saw evidence of poor mental health amongst women; CES-D 

scores indicated that 43% women had probable depression. Qualitatively, we see that 
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depression is related to having responsibility on child welfare without the ability to act, food 

insecurity, and gender inequity. 

P1: It is because husbands put all responsibilities on wives like taking care of the children, 

and other activities, and that’s why they have no peace. You might find the woman with the 

baby on her back and thinking of the bad life she has. 

Q: My sister, it seems like you are touched with this, speak openly, don’t be afraid. 

P2: Women are depressed because they have more responsibilities than men, men have few 

responsibilities, women are doing all responsibilities in the house and if she makes a small 

mistake when men are back, they are yelling at them and there is no peace inside.  

P3: You may have activities to do and children want some food which you can’t afford, you 

just wish you could provide, and the husband is out so you are depressed because you have a 

lot to do all alone. 

[PD, all female, May 2017] 

Project impact. We saw a large decrease in women’s depression score (β=-2.74, p<0.001) 

and proportion of women with probable depression (β=12 pp, p=0.004) indicating overall 

improvements on women’s mental health. Men’s depression score in intervention and delayed 

intervention groups did not differ over time. 

Abbreviated Women’s Empowerment in Agriculture Index 

Baseline. According to A-WEAI, 89% of women in the project were empowered in 

productive decision-making, 59% was empowered in asset ownership, 0% was empowered in 

access to credit, 70% was empowered in control over use of income, 16% was empowered in 

group membership, and 10% was empowered in her workload at baseline. 

Project impact. The project has a positive impact on the 5DE score, but it is primarily due 

to improvement in group membership domain (β=0.59, p<0.001).
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A – Proportion empowered in production decisions 

 
B – Proportion empowered in use of income 

 
C – Proportion empowered in asset ownership 

 
D – Proportion empowered in access to credit 

 
E – Proportion empowered in group membership 

 
F – Proportion empowered in workload 

 

Fig. 4.6: Women’s Empowerment in Agriculture Index outcomes, by intervention arm. All standard 

error shown controlled for clustering at village level. (n=532-581 women; 455-480 men) 
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Additional findings on implementation  

Gender of ‘project’ 

We saw perceptions in the community that because the project involves child’s nutrition, 

the project only involves women.  

Men’s attendance [issue] is due to their thinking that nutrition project is for mother and 

child. But the project needs mother, father, and child. It is a family project.” 

[MF, female, Jan 2017] 

We are telling the truth. Regardless of our work, we men don’t have the time to attend 

meetings. These projects [for children] are for women.” 

[HH, male, Feb 2017] 

This is despite intentional registration of both men and women to be part of the project during 

recruitment meetings.  

Variety of buy-in 

There is heterogeneity in male mentor farmer’s buy-in to the project’s stance for gender 

equity.  

There are different lessons, so this one said even the religion doesn’t know, but I told him 

even our prophet Muhammad was playing with his wives sometimes like running together, 

washing clothes, but a farmer said we will cause our wives to make us their house boys even 

to fetch water, while since I finish my studies I never cook or fetch water, but other works 

like chopping the firewood I will do. He said all of this in front of his wife, but the wife 

participated and educated him 

[MF, male, Jul 2017] 

We have a lot of topic in this project. In gender and nutrition, I have [female mentor farmer] 

to teach because she is a woman and can teach those topics better.  

 [MF, male, Jul 2017] 
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Moreover, some male mentor farmers decide to focus on agriculture and let the female 

mentor farmer handle gender and nutrition to follow previous gender roles. Some others saw it 

as their duty since the female mentor farmers would be having a hard time addressing men.  

Larger efforts 

At the same time, we also saw evidence of larger efforts to promote gender equity in 

Tanzania. One example that is often mentioned is the requirement to have men to attend 

antenatal clinic visits for their wives to receive service.  

Men never used to go to clinics. Now with program you cannot get service at clinic without 

husband. Education was provided to men and slowly they started changing. If a program is 

prepared very well, education will help. 

[Notes from meeting with community development officer, Jun 2016] 

The trainer also explained that now in every police station there are gender desks. If a 

woman experiences intimate partner violence, the gender desks can help.  

     [Notes from mentor farmer meeting, Jun 2017] 

 

DISCUSSION 

Summary of results  

Our analysis found that the project had an overall small impact on women’s 

empowerment: increase in social support, small increase in women’s say in household 

decisions, no change in women’s time allocation, and no change in women’s attitude towards 

intimate partner violence. However, we also found project’s impact on gender equity such as 

greater men’s involvement in household chores and childcare and decreased prevalence of 
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intimate partner violence experienced by women in addition to the overall positive trend in the 

community. Ultimately, this led to improved women’s mental health. This confirms previous 

findings that empowerment in one domain does not guarantee empowerment in other domains 

[24,45,47,49] and highlights the complexity and difficulty in changing norms of gender relations.  

Time allocation. At baseline, women were responsible for childcare and domestic work, 

including food processing while also actively involved in agriculture and other income-

generating activities which agrees with what has been previously documented in the literature 

[225,274,279]. We found no change in women’s time allocation over time. This is notable since 

many agricultural interventions put further constraints on women's time, which in turn may 

have negative consequences on nutrition and health by reducing time for childcare, healthcare 

seeking, food preparation, and leisure [122,214,284,285]. This increased time spent in agriculture 

has been touted as one explanation on the disconnect between agriculture intervention and 

child nutrition [286]. 

We found an increase in men’s involvement in household work and childcare which is 

important since engaging men in activities traditionally assigned to women has been found to 

be a step towards broader gender equity [111,287]. This improvement was due to the successful 

extension of the existing social norm of men’s assisting when women are sick or pregnant or 

when men less demand on their time i.e. harvest seasons. This practice of men helping when 

women is sick or pregnant, in addition to their role as providers has been previously recorded 

in another area in Tanzania [288] and might be the results of the efforts by the Tanzania’s 

Ministry of Health in requiring men to attend antenatal care visits. In addition to HIV testing, 
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nurses are directed to discuss importance in men’s assistance around the household while 

woman is pregnant [289]. Qualitative findings, especially when discussing survey results with 

mentor farmers and participants (PD, PA), however, a much bigger impact. This might hint at 

differences of impact based on level of participation; those that agree to take part of 

participatory dissemination activities or attend village meetings are participants that are more 

engaged in the project and experience broader change in men’s involvement in household work 

and childcare.  

Farmer-to-farmer interactions and active engagement by men and women in all project 

topics, including gender, both as mentor farmers and participants were instrumental to this 

increased men’s involvement in household work and childcare. In qualitative data, we see that 

men had receive the messages to help more with childcare from other sources. However, they 

decided to start practicing them when they see other men, either mentor farmers or other 

farmers in Malawi, doing the same. Another participatory intervention in Malawi also found 

that explicitly engaging men in discussion of child nutrition and integrating the discussion with 

agriculture also increased men’s involvement in previously perceived ‘feminine’ domestic 

work, including complementary feeding and cooking [290].  

Material allocation, production decisions. The intervention did not seem to make a 

difference in de facto material allocation or production decisions in the household. Firstly, this 

might be due to mentor farmer’s decision to focus heavily on time allocation; it makes sense that 

changes in other domains will be smaller. Secondly, most women already indicated that they 

have ‘some inputs’ in various decisions, even at baseline. Due to the importance of peace and 
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agreement in the household, we believe we cannot expect more than that. Lastly, it is possible 

that the project did not have impact on these decisions because the project did not act through 

‘transfer of assets’ pathway between NSA interventions and women’s empowerment. The 

project only provides 1 kg of seeds to households and did not specify that the seeds are 

women’s. However, other NSA interventions which provides much higher amount of seeds, 

livestock, and/or agricultural tools seemed to find a similarly small impact on economic 

decision-making [212,214].  

Mobility, social support. The intervention improved women’s decision-making on her 

own mobility and the proportion of women reporting adequate social support to the level that 

equals men, despite the high level of mobility and social support reported at baseline. This 

increase in social support is typical for and of similar magnitude with other NSA interventions 

that encourage regular meeting between participants [214]. This is especially true for those with 

participatory approach [39] since in these meetings, participants were able to share their 

challenge and to think of solutions together. This increase in social support can also be 

capitalized towards empowerment in other areas through women organizing and making 

change together [291].  

Intimate partner violence. The intervention was successful in decreasing women’s 

experience of intimate partner violence even though its impact on men’s and women’s attitude 

towards intimate partner violence were not significant. This might because the intervention’s 

impact in improving food security [292] was able to capitalize the overall trend of less 

acceptance for intimate partner violence. Importance of household economic stressors in the 
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dynamic that led to intimate partner violence is well documented [274,293–295] even if it 

function as a moderating or mediating effect [296]. Interventions improving household’s 

economics mostly through microfinance, when paired with messaging promoting gender 

equity, had been found to decrease intimate partner violence [297,298]. More research needs to 

be done to understand this project impact, especially in understanding the relative contribution 

of reduction of economic stressors.  

Mental health. In addition to being an important measure of women’s empowerment, 

improved mental health for women is also an important component of sustainable development 

goal #3 to “ensure healthy lives and promote well-being for all at all ages” [266]. The level of 

impact which the intervention had on women’s depressive symptoms was larger than initially 

expected. Women’s CES-D score was reduced significantly for intervention households, such 

that it became similar to men’s and since the baseline average score was very close to the East-

African specific cut-off for probable depression, this modest decrease is equivalent to the 

intervention reducing prevalence of probable depression by 12 percentage points (p=0.003). To 

the best of our knowledge, we are one of the first trials that has shown this impact of a 

participatory agroecology intervention on women’s mental health, or agricultural interventions 

in general. More research is needed to understand this impact. At baseline, we found that poor 

mental health was due to the feeling of helplessness and the pressure women experience to 

maintain a thriving and healthy household and child while having not much access to material 

and time resources to accomplish them. We, therefore, hypothesize that food insecurity, men’s 
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involvement in household work, and decreased intimate partner violence might explain this 

change. 

A-WEAI. We found overall increase in the five domains of empowerment (5DE) score, 

even though we have reasons to believe that the cut-offs used by A-WEAI did not capture 

important gradients of experience in our population. For example, the A-WEAI count joint 

decision-making and asset ownership as sign of empowerment while our qualitative findings 

and previous work found that the importance of peace in the household for good standing in 

the community discourage admitting any disagreement and encourage both men and women 

reporting joint decision-making and asset ownership [274]. However, further probing indicated 

that men still have the ultimate say, which compels us to be skeptical for the validity of the 

answer ‘some inputs’ in questions on agency. The project only provides small transfer of assets 

and did nothing regarding access to credit, so it was understandable that there are no 

improvements in these indicates. Moreover, since the 5DE score change was purely driven by 

changes in empowerment in group membership and enrolling in the project, by definition, 

would change empowerment in that domain, we believe this measure provides a very limited 

picture of household dynamics and women’s experiences in our study.  

Strengths & Limitations 

“Randomized Participatory”. On one hand, we found that our clustered randomized 

trial design for a project that uses participatory approaches to be a strength. The participatory 

approach i.e. facilitating discussion for men and women on the topics of gender, nutrition, and 

food security was the catalyst for most of the impact on gender equity observed. Pairing 



 

-115- 

 

clustered randomized trial with a variety of qualitative data collection provided a strong 

evidence base for these impacts. Most studies on participatory approach in agriculture 

education were focused on agricultural behaviors and yields, but few considered other 

measures of household welfare [21], let alone measures of women’s empowerment. Various 

impact evaluations have hypothesized and discussed the importance of women’s 

empowerment as a pathway between their intervention to child’s diet but do not collect or 

show data on women’s time allocation, empowerment, or control over resources [41,42]. 

On the other hand, we understand our study design in not truly participatory. The 

researchers in this study ultimately decided on the project goal and what is collected at baseline 

even though such decisions were heavily informed by local governments and farmers 

interviewed in the pilot study [227]. The act of randomizing itself also reduce participant’s say 

in the study design. The study was designed in such a way, however, that prioritized farmers 

having a say on the various project activities and priorities and fostered farmer-to-farmer 

exchange and mentoring. 

This amount of control by mentor and participant farmers can be interpreted by some as 

dilution in the intervention. For example, some mentor farmers did not fully agree with 

messages promoted by the intervention, especially those regarding gender, which might 

explain the overall small estimates of impact in various measures of gender equity. Further 

research understanding the different magnitude of impacts based on level of participation and 

mentor farmer’s buy-in is needed.  
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Men’s data. A strength of our study is the fact that we collected data from male 

participants to give better insights in household gender relations. Understanding men’s 

decision making power, time use, and dietary diversity helped us situate the intervention’s 

impact on women’s indicators. Moreover, this helps signals to participants the importance fact 

that both men and women are integral part of the project.  

Unfortunately, we did not collect men’s data at baseline which limits our interpretation 

on the project’s impacts on various men’s indicators. However, these various measures for 

women were not different at baseline, so we have no reason to believe that men and households 

in the two groups would be systematically different. Moreover, any conclusions we made on 

men’s behavior is triangulated with women’s reports of the same behavior and checked with 

participants through participatory dissemination activities.  

Social desirability bias. Participants telling researchers what they want to hear was also a 

concern, especially due to pressure to portray a peaceful household. However, we tried our best 

to be vigilant in our analysis, especially of qualitative data, and interpretation of these findings. 

Moreover, since this pressure for peace is found in Tanzania in general, we are not concerned 

that this limitation would severely impact the internal or external validity of our interpretations.  

Lessons learned for NSA 

Full engagement by men and women is necessary. Our findings highlight the 

importance of engaging both men and women in NSA interventions. Engaging men in all 

topics, including child nutrition and gender equity, promotes men’s involvement in household 
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work and childcare. This impact is even more important considering boys who saw their fathers 

participate in household tasks are more likely to do so as adults [206].  

Despite broader acknowledgement on the importance in engaging men in NSA 

[263,299], all five published randomized trials of NSA interventions either recruited only 

women as participants [41,212,244,300–304] or only involve men in only some of the activities of 

the project [214] while still having women as the main project participants. to SNAP-Tz 

participants. Only focusing on women in NSA puts additional burden to women’s already 

limited-time [286] which seems to be a typical shortcoming of various women’s empowerment 

initiatives [305]. Two decades ago, Elson argued that women are an ‘over-utilized not an under-

utilized resource’ [306]. Engaging only women in NSA also ignores the crucial decision-making 

role that husbands, grandmothers, and other household members play in affecting childcare 

and nutrition decisions [307,308]. In other poverty prevention programs e.g. women-only loan 

and savings program, this focus on women has been documented to increase resentment among 

men and leads to increased gender-based violence [109,111,309] in women-only loan and 

savings programs.  

Ultimately, we have to reconsider our view on the role of women’s empowerment in 

NSA interventions. It is counter-productive to justify the importance of expanding women’s 

empowerment and gender equity while limiting care-taking activities to women [265]. The 

findings on participants’ assumption that the project is for women since it involves children and 

the already growing expectation that women should take up some form of business to feed 

children in some male participants further emphasize this concern. While it is true that women 
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are more likely to allocate household resources for a child’s nutrition and well-being (32,33), 

this is the result of current social constructs allocating childcare to women [310]. It is important 

for those working in and designing NSA interventions to recognize this and not be essentialist 

regarding women’s role on child nutrition. Otherwise, NSA interventions can be categorized as 

gender-exploitative on to the gender integration continuum of interventions framework [38]. It 

might help to reconsider thinking about gender equity rather than women’s empowerment to 

help focus policy on challenging the current system rather than working in it. 

Study length and magnitude. We might also, then, need to consider the current length 

and magnitude of NSA interventions. Women’s empowerment and gender equity require 

structural changes in the community and takes time. Since we believe that women’s 

empowerment is a necessary component of NSA interventions, the current design of NSA of 

being delivered small groups in the larger community and with the length of 2-4 years might 

not be enough. 

CONCLUSION 

Participatory approaches in nutrition-sensitive agriculture intervention engaging both 

men and women in discussion of nutrition, food security, and gender equity provides an 

alternative approach towards women’s empowerment. By engaging men and women, the 

project was able to encourage greater men’s involvement in household work and childcare, 

increase adequate social support amongst women, reduce women’s experience of intimate 

partner violence, and ultimately improve women’s mental health. All of these changes might 

have positive impact on child’s nutrition. 
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CHAPTER 5 

Conclusion 

Synthesis of research findings 

Our systematic review (Chapter 2) found an inconclusive relationship between women’s 

empowerment and child nutrition. After reviewing 62 quantitative studies, the review found 

200 unique indicators of women’s empowerment tested in 1316 associations with various child 

nutrition outcomes. Women’s empowerment measures were not significantly associated in 

more than 80% of associations found with stunting (n=39 studies) or wasting (n=22), and the 

effect sizes for these associations were small. This finding is also consistent across all domains 

for which there are enough studies, meaning the review was unable to elucidate how the 

relationship between various domains of women’s empowerment differentially relate to child 

nutrition.  

The current lack of evidence is likely not due to the absence of an underlying 

relationship between women’s empowerment and child nutrition, but rather limitations in 

study design. Despite the high number of unique indicators, indicators for time resource 

allocation and reproductive decisions, indicators of the achievements dimension, and indicators 

for men’s engagement in childcare and nutrition, all pertinent to child nutrition, were missing. 

Moreover, we suggested that future research on this topic carefully select women’s 

empowerment indicators in context-specific ways, aggregate them meaningfully, and use a 

longitudinal study design to conduct pathway and lifecycle analysis in appropriate populations 

to clarify the relationship between women’s empowerment and child nutrition. This also means 
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that more research should be conducted on the relationship between women’s empowerment 

and proximate determinants of child nutrition i.e. infant and young child feeding practices, 

child’s illness, and health care use.  

In chapter 3, we introduce the overall design of the Singida Nutrition and Agroecology 

Project, a participatory agroecological intervention promoting agroecological practices, gender 

equity, and nutrition. We also found that it is effective on improving children’s diet. We saw the 

project accomplish this through pathways similar to other NSAs such as improvements in 

production diversity and food security. We also saw that the project had additional benefits in 

improving other sustainable agricultural practices e.g. intercropping and use of botanicals 

pesticide, increasing men’s engagement in household work and childcare, and improving 

women’s mental health over a relatively short period of time in rural Tanzania. The study 

points to the potential for agroecology combined with an emphasis on gender equity and 

nutrition to make transformative sustainable changes in rural East African communities. 

In chapter 4, we delve deeper into the intervention impact on various measures of 

women’s empowerment and well-being, especially those that might eventually be crucial for 

child’s health and nutrition. We found an increase in social support, a small increase in 

women’s say in material allocation, no change in women’s time allocation, and no change in 

women’s attitude towards domestic violence. However, we found that the project impacted 

gender equity, such as greater men’s involvement in household chores and childcare and 

decreased prevalence of domestic violence experienced by women, in addition to the overall 

positive trend in the community. Ultimately, these changes led to improved women’s mental 
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health. This result highlighted the strengths of a participatory approach towards women’s 

empowerment and improving gender equity in an NSA intervention. Engaging both men and 

women and having messages geared toward gender equity communicated by fellow African 

farmers, especially within discussions for food security and nutrition, were crucial to the 

project’s impacts on gender equity.  

Immediate next steps  

Treatment-on-the-treated (TOT). All impact estimates of the project thus far have been 

intention-to-treat (ITT) estimates. ITT analysis maintains original random treatment allocation 

[250] but reports a conservative estimates of effect. There is variability in participation and buy-

in in any project, especially those that emphasize a participatory approach. Further research on 

quantifying various levels of participation by both participants and mentor farmers and then 

assessing their impact on the various project outcomes at the household and village level, 

respectively, is needed. Analysis to understand characteristics of those households who use 

agroecological practices and who demonstrate changes in gender relations and child feeding 

practices would help inform further targeting of these types of projects in the future.  

Mediation of women’s empowerment. The project had a positive impact on children’s 

diet and various women’s empowerment measures. To take this analysis further, I plan to 

explore the mediating role of these impacts on women’s empowerment on the project’s impact 

on child’s diet, especially compared to better known pathways of increasing production 

diversity and food security. It is possible that improving women’s empowerment would not 

have an effect on child’s dietary diversity due to the limitation of household wealth and time in 
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this region. It is also possible that the project’s impact on women’s empowerment was too 

small. Finally, it is important to consider the alternative explanation that women might also 

make decisions that are not optimal for child nutrition. This analysis would also answer the call 

by Ruel and Quisumbing for more evidence on which domains of empowerment need to be 

strengthened to improve child nutrition.  

Further examination of mental health and domestic violence outcomes. The magnitude 

of the project’s impact on experiences of domestic violence and mental health is surprising. 

Since it is well documented that household economic stressors are important in the dynamic 

that leads to domestic violence [274,293–295], we hypothesize that improvements in food 

security explain the decrease in women’s experiences of domestic violence. At baseline, we 

found that poor mental health was due to the feeling of helplessness and the pressure women 

experience to maintain a thriving and healthy household and child while having reduced access 

to both material and time resources to accomplish this. Moreover, a cross-sectional analysis 

found that women’s mental health declined more sharply than men’s as households became 

more food insecure. We, therefore, hypothesize that food insecurity, men’s involvement in 

household work, and decreased domestic violence might explain the project’s impact on mental 

health improvement.  

Contributions to larger research  

A new framework between women’s empowerment and child nutrition. In chapter 2, I 

proposed a new framework between women’s empowerment and child nutrition. This 

framework is a summary of the various conceptualizations I encountered in the 62 articles 
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reviewed within the UNICEF framework of child undernutrition [71], especially as modified by 

Engle et. al. [68]. Using this framework should prompt researchers to consider pathways and 

lifecycle considerations when choosing study designs and women’s empowerment indicators, 

therefore improving the quality of evidence on this topic.  

Randomized trial of a participatory approach. Chapters 3 and 4 of this dissertation 

reported the impact of the first randomized trial of a participatory agroecological approach on 

child’s diet, especially through improvements in sustainable agriculture practices, food security, 

and gender equity. Results from this project found a similar magnitude of impact on child’s diet 

and food security despite providing a smaller amount of input compared to other NSA 

interventions.  

Arguments to also include men in NSA. Many have written on the perils of only 

engaging women in empowerment initiatives [305] and the importance of engaging men in 

NSA [263,299]. This project added empirical evidence to support the prescribed benefits when 

men are engaged in a participatory agriculture intervention in Tanzania. Moreover, this project 

found a similar level of impact on women’s decision-making and children’s diet to other NSA 

interventions, indicating that engaging men in a project will not necessarily negatively impact 

the project’s chance for improvements in women’s empowerment. This calls into question the 

hypothesized ‘transfer-of-asset’ pathway between NSA and women’s empowerment.  

Unique impact on mental health. To my knowledge, this dissertation also documented 

the first quantitative impact of an agricultural intervention on women’s mental health and 

men’s involvement in household work and childcare.  
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Lessons learned for further research 

Primary data on women’s empowerment and child nutrition. Our systematic review 

found that over two-thirds (68%) of all studies were secondary data analyses of available data 

sets and that significant associations were more likely to be found in studies using primary 

data. Primary data collection, carefully selecting women’s empowerment indicators in context-

specific ways, aggregating them meaningfully, and using a longitudinal study to analyze 

associations that are appropriate for the lifecycle of the population studied is all needed to 

improve the evidence base between women’s empowerment and child nutrition. Additionally, 

more studies looking at this relationship in regions such as East Asia and Pacific, the Middle 

East and North Africa, and Latin America and the Caribbean are needed for a more 

comprehensive and inclusive understanding of this relationship 

More studies on the relationship between women’s empowerment and proximate 

determinants of child nutrition. Similar to the realization in the broader NSA literature, the 

impact of women’s empowerment on child’s nutrition, especially stunting, might involve too 

many pathways to be properly studied in just one project. Women’s empowerment indicators 

can fluctuate over time and empowerment in one domain does not guarantee empowerment in 

others, complicating this relationship further. Research on the relationship between women’s 

empowerment and these proximate determinants of nutrition might be more worthwhile, 

especially since our review only found a small number of studies looking at infant and young 

child feeding practices e.g. breastfeeding (n=7 studies), complementary feeding (n=10 studies), 

and child’s illness (n=3 studies).  
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Study length and magnitude of NSA. We might also need to consider the current length 

and magnitude of NSA interventions. Women’s empowerment and gender equity require 

structural changes in the community, and this takes time. Since we believe that women’s 

empowerment is a necessary component of NSA interventions, the current design of NSA being 

delivered to small groups in the larger community and 2-4 years of program length might not 

be enough to see an impact (finish this sentence!). 

Full engagement by men and women is necessary, as has been previously discussed in 

other parts of this dissertation. Engaging men would prevent NSA interventions from 

exploiting existing gender norms of assigning childcare to women, as well as having the 

unintended side effect of putting additional burden to women’s time and mental health. 

Engaging men might have an additional impact considering boys who saw their fathers 

participate in household tasks are more likely to do so as adults [206]. Moreover, since this 

study saw a similar magnitude on impact on income allocation decision-making to other NSA 

interventions, engaging men in a project would not negatively impact the ‘transfer-of-assets’ 

pathway and the project’s chance for improvements in women’s empowerment.  

Conclusions 

In sum, for this dissertation, I conducted a systematic literature review on various 

measures of women’s empowerment and child nutrition and designed, managed, and 

evaluated a participatory nutrition-sensitive agroecological intervention in Singida, Tanzania. 

The literature review found that more research is needed to understand the relationship 

between women’s empowerment and child nutrition. The research should involve primary data 
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collection, specify the pathway between women’s empowerment and child nutrition examined, 

and take phase of lifecycle into consideration. The evaluation found that a participatory 

agroecological intervention is effective in improving children’s dietary diversity through 

improvements in crop diversity, food security, and gender equity. Specifically, the project 

promoted greater men’s involvement in household chores and childcare and decreased 

prevalence of domestic violence experienced by women, and improved women’s mental health. 

Engaging both men and women and having messages geared toward gender equity 

communicated by fellow African farmers, especially within discussions of food security and 

nutrition, were crucial to the project’s impacts on gender equity. The study points to a model 

that successfully leverages agriculture and gender equity to improve child’s diet in rural East 

African communities. 
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APPENDIX A 

Further description of Singida and SNAP-Tz 

SINGIDA, TANZANIA  

This project took place in 20 villages in the Singida rural district. According to the 2012 

Census data, the population of Singida rural district is 225,521, with one of the lowest 

population densities in Tanzania (28 people/km2). The people of Singida rural district belong 

Figure A1: Map of SNAP-Tz project 
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mainly to the ethnic groups Nyaturu, with few from Nyiramba ethnic group. Despite the 

number of lakes in the area, because many are soda lakes and there is a significant shortage of 

fresh ground water. Across Singida region agricultural and livestock activities are the primary 

source of livelihood for 86% of the population in the region. Households cultivated an average 

of 2. 15 ha each. Soil in the region is low fertility, sandy and characterized by poor drainage 

[311], which is why use of ox-plough [312] and manure [311] is common. Common / traditional 

subsistence crops include maize, sorghum, millet, finger millet, pear millet, pumpkins, gourds, 

beans, and cowpeas, while sunflowers and onions are the common cash crops [311,313]. The 

climate is characterized by two distinct seasons: a long dry season from around April to 

November, and heavy intermittent rainfalls from December to March. Therefore, agricultural 

activities follow a unimodal pattern throughout the year [226,227]: planting in October-

November. weeding in February-April, and harvest in May-July.  

There is high gender inequality in the area [274]. Four in five women reported that their 

partner used at least one controlling behavior, such as the man having more say in important 

decisions affecting the couple, needing to know where the woman is all the time, or expecting 

his partner to agree to sex when he wants it. Many women reported frequently being afraid of 

their partner - 23 percent said that they fear him often or all the time. Women spend an average 

of nearly 30 hours per week on cooking, cleaning, doing laundry, fetching water, and going to 

the market, while men spend just over 12 hours per week on these tasks. Women also have less 

access to productive resources. Nearly threequarters of all landholders are men. Women own 

less livestock than men and have more restricted access to new technologies, training, 

vocational education, extension advice, credit and other financial services.  
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Findings from baseline survey 

Table A1: Crops grown by SNAP-Tz 

participants in baseline survey (Feb 2016), 

n=587 

 

Table A2: Livestock owned by SNAP-Tz 

participants in baseline survey (Feb 2016), 

n=587 

Maize 335 57.5%  Cattle, oxen, calf 133 22.7% 

Millet 254 43.6%  Donkey 10 1.7% 

Sunflowers 243 41.6%  Goat, sheep, lamb, pig 154 26.2% 

Finger millet 84 14.4%  Chicken, other poultry 331 56.4% 

Onions 73 12.5%  Any livestock 375 64.1% 

Pearl millet 42 7.2%     

Beans 38 6.5%     

Groundnuts 31 5.3%     

Cowpeas 16 2.7%     

Bambara nuts 7 1.2%     

Other 21 3.6%     

The majority (96.9%) of participating households in Singida rely on small-scale 

agriculture as their primary income-generating activity. The average household in our project 

work on 2.31 acres (sd: 1.39, range: 0-8) of farm over 1.73 number of fields (sd: 0.97, range:0-5). 

Table 3.7 list common crops grown amongst the participating households. Soil quality is a major 

challenge for Tanzanian farmers, who often lack knowledge about how to improve soil health. 

When asked, 64.2% of our participants reported they don’t know any ways to improve their soil 

and only few households practicing optimal soil health management techniques such as 

intercropping and proper usage of crop residue. Meanwhile, 75.9% of household practiced 

some sort of pest management. The most common practices include using ash (23.7%) and 

handpicking (19.1%). Dry season farming is not common, only 18.6% of the households do so 
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with 4.7% of households growing crops in dry season, 10.6% growing vegetables, and 3.2% 

doing both. Livestock ownership is somewhat common; 64.1% of participating household own 

livestock (table 3.8). 

Food insecurity is prevalent, especially during the hungry season of November-

February every year (see figure 3.3). In February 2016, 71.2% of households experienced 

moderate and severe food insecurity. However, we found that food insecurity is a persistent 

problem for most households. Even during post-harvest period (August 2016), 28.5% of the 

households reported to be moderately or severely food insecure 

Figure A2 Singida district agricultural calendar [226,227] and months of adequate household 

provisioning of SNAP-Tz participants in baseline survey (Feb 2016), n=587 

 

 % Household that does not have enough food for family need

May 3.2%

June 2.9%

July 6.6%

August 14.3%

September 22.8%

October 36.1%

November 48.2%

December 57.9%

January 64.7%

February 46.2%

March 15.5%

April 8.7%

Agricultural Calendar

Rain

planting

growing

harvest

green 

harvest
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Both our pilot study and baseline 

survey found widespread gender 

inequalities and high workload for women. 

Women conducted a large amount of 

‘smaller’ daily work while men’s labor was 

more concentrated on ‘larger’ manual labor 

such house building and milling grain. 

However, this ‘smaller’ daily work is not exactly easy (i.e. fetching water) and adds up. Figure 

3.4 shows the average time use of women in our cohort; women worked an average of 14 (sd: 

2.53) hours a day. Furthermore, women have significantly less agency to make decisions – only 

4% women can make the decision on her own to sell crops and have very low decision making 

power on household income. Moreover, women in this population have a high workload for 

unpaid care work. The majority of the participating households report that while both husbands 

and wives were involved in household decision-making with men as the primary decision-

maker of major household decisions and women having some input. Moreover, only 15.4% of 

women have large asset ownership and 25% have small asset ownership (chickens and 

cellphones).  

These inequalities had adverse effects on maternal health. Only 7.3% of women 

consumed adequate dietary diversity[314], with women reporting an average consumption of 

2.85 (sd: 1.22, range 0-10) food groups per day. Maternal depression also likely to be prevalent. 

An estimated 71.7% of women scored 16 or higher in CES-D scoring which indicates probable 

Figure A3: Average women’s time use of 

SNAP-Tz participants from baseline survey 

(Feb 2016) 
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depressive symptoms[315]. Maternal underweight prevalence is at 18.0% in February 2016 and 

17.5% in August 2016, much higher than the Tanzanian national rate of 11%[316].  

Poor agricultural practices and gender inequality leads to poor infant and young child 

feeding practices. Only 43.7% of children aged under 6 months were exclusively breastfed, and 

among children 6 months to 2 years old, only 30.6% were exclusively breastfed until they were 6 

months old. With an average of 1.7 (sd: 1.13, range: 0-7) food groups a day, only 4.15% children 

aged 6 months to 2 years old achieved minimum dietary diversity as defined by WHO[317]. 

Since only 61.6% of children achieved minimum meal frequency, only 5 children (0.8%) 

achieved minimum adequate diet. Even during post-harvest season, only 13.1% children 

achieved minimum dietary diversity and 57.1% achieved minimum meal frequency. That 

means 28 children (4.8%) achieved minimum adequate diet. Qualitative interviews reveal poor 

nutrition knowledge in the community. Qualitative interviews during the pilot study for this 

project found that exclusive breast-feeding is widely believed to be necessary only until a child 

is 3 months old[227]. Qualitative interviews in this past summer suggests that complementary 

foods are limited to mixes of cereal (maize, sorghum, millet) and do not include vegetables and 

sweet potatoes. There is also high 

preference for store-bough complementary 

foods which is also cereal-based. 

Poor infant and young child feeding 

practices, coupled with high disease 

prevalence lead to poor nutrition status. An 

Fig 3.5: Index child’s nutrition status of 

SNAP-Tz participants from baseline survey 

(Feb 2016) 
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estimated 23.1% and 26.4% of children were stunted in February and August 2016, respectively. 

It is important to keep in mind that these children were aged 1 years old and younger in 

February and height-for-age z-scores tends to decrease as age increases. At this rate, this 

population will match the Singida’s average of stunting in 40% of children under five[230] 

SINGIDA NUTRITION AND AGROECOLOGY PROJECT 

Singida Nutrition and Agroecology Project (SNAP-Tz) is a cluster-randomized 

effectiveness trial aimed at evaluating a participatory, farmer-led agroecological education 

intervention, modeled after the SHFC project in Malawi[271,273]. The project is conducted in 10 

intervention and 10 delayed-intervention villages and involves 587 participating households.  

SNAP-Tz is a collaboration between the following five institutions. Cornell University is 

the lead institution. Action Aid Tanzania (AATZ) is the main implementing partner. Nelson 

Mandela African Institute of Science and Technology is responsible for data collection activities. 

Ilonga Agricultural Research Institute provides seed and technical support. Michigan State 

University also provides technical support and advice.  

Village selection 

The 20 villages in the project were selected from 30 that were proposed by the Singida 

District Development Office. The selection criteria were that the village agreed to be in the 

project, experience any level of food insecurity, had an adequate number of children aged 1 year 

of ag or younger, and did not have more than 1 other interventions or project. The villages were 

then matched based on number of months they experience food insecurity, population size, and 

access to health care services. Based on baseline survey results on household food insecurity, 
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child dietary diversity score, and child nutritional status, two pairs (1&2 and 4&8) were 

exchanged to allow for a better balance of average household food insecurity score.  

Village randomization to the intervention group were conducted in front of all the 

mentor farmers to ensure transparency. This process was communicated to the participants and 

village leaders during the mentor farmer election meetings. Each village pair was called to the 

front of the room and they each reached into a hat and drew a piece of paper with ‘1’ or ‘2,’ with 

‘1’ indicating intervention group, and ‘2’ indicating delayed intervention group. Most people 

seemed to agree that this process was fair, even though disappointment from the delayed 

intervention villages was inevitable. Results from our baseline measurement in February and 

August 2016 indicate that our randomization work.  

Participant selection 

The project was initiated by a Tanzanian non-profit in collaboration with District 

officials, Tanzanian and foreign university researchers. Out of the 30 villages proposed by 

district officials, 20 villages were selected based on their willingness to participate in an 

agriculture project, experience of food insecurity, having adequate number of children aged 1 

year or younger, and not being part of preexisting intervention or project.  

In every selected village, project staff described the project and eligibility criteria in an 

open meeting, and the village leaderships ultimately invited 25-30 households to participate in 

the project. Household’s eligibility criteria included: [1] being a food insecure household, [2] 

having a child under 1 years old at baseline (January 2016), [3] having regular access and plan to 

cultivate farms in the coming year, [4] having no plan to move out of the village in the duration 
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of the study, and [5] being interested in experimenting with new farming techniques. The 

names of the under-1 child, their mother, and their father, when applicable, were recorded as 

participants of the projects. As part of a participatory research method which drew on previous 

experience with ‘farmer research teams’ [40,231], two mentor farmers (one male, one female) 

were elected from amongst the participants in each village at the first participant-only project 

meeting.  

Between 25 and 30 households from each village were selected as participants. The 

inclusion criteria included in the announcement are in table A.1. From interviews with mentor 

farmers 6 months after participant selection, it seems that only the child age requirement was 

considered seriously. Most farmers were aware of the food insecurity criteria, but when asked 

about this process later, most village leaders state that everyone in their village would meet the 

food insecurity criteria.  

Table A.1: participant selection criteria 

Are among the most vulnerable, as indicated by food insecurity 

Have a child under 1-year-old 

Are farmers who have regular access to the same farms/plots (do not need to own the land) 

Female headed households are acceptable, so long as not more than half the selected 

households in the village are female headed (to be able to detect change in gender equity) 

Willing to stay in study for 3 years, i. e. do not plan to move 

Interested in experimenting with new farming techniques 
  

Mentor farmer selection 

The mentor farmers were elected from and by participating households in each village. 

Selection criteria and responsibilities of mentor farmers that were distributed during the mentor 

farmer election are outlined in table 3. 2 and 3. 3. Those that were elected as mentor farmers 
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were either already actively involved in their villages (coordinator from older projects, political 

parties, mosque, church, etc.), or widely known in the village for being financially successful 

(having stores or alcohol business in village center). These election meetings were mostly 

attended by women with very few men present. Therefore, usually all of the men who attended 

the meetings were recruited to be mentor farmers.  

Mentor farmers then received training in the form of a trip to Malawi and 2 weeks 

follow up in Singida. Mentor farmers reported being most surprised by the amount of yield that 

the Malawian farmers had from such small acreage, the variety of recipes they used for 

complementary feeding, how it was women who spoke up and accepted people to their farms, 

and how men were carrying infants to the clinics. Mentor farmers said that trip provided them 

with a vision / the goal of what their communities could become. Follow-up trainings were 

done in Singida to provide the mentor farmers with details of the curriculum. This training is 

unique because it not only teaches agriculture, gender equality, and nutrition but also (1) 

focused on how they impact each other and (2) used drama and songs as a teaching medium.  

Table A.2: Selection criteria of mentor farmers 

• One woman, one man from different households 

• They are farmers 

• At least one of the pair should be literate 

• Can (learn to) ride a bike 

• Respected by whole village 

• Their family must agree with their participation 

• Interested in experimenting with new farming techniques 

• Willing to take time to complete responsibilities (see below) for three years 

• No nepotism! 

 



 

137 

 

Table A.3: responsibilities of mentor farmers 

In intervention group 

• Attend trainings (in Malawi and Singida) 

• Attend quarterly meetings with all 20 mentor farmers and 

AATZ to receive training, share experiences, lessons and 

disseminate findings 

• Visit 25 households in their village monthly 

• Host village-wide meetings with 25 households quarterly, 

and take notes at those meetings 

• Track household visits and topics covered during those 

visits with pictorial log 

• Provide technical support to delayed intervention farmers 

for 6 months after their stipend of 30 months is over 

• Communicate with technical experts in-between quarterly 

meetings 

• Willing to share experiences with in-depth interviews or 

other monitoring and evaluation methods 

• Provide technical support for delayed intervention farmers 

after intervention has concluded 

In delayed intervention 
group 

• Attend trainings in 

Singida 

• Visit households 

monthly for 6 months 

Intervention.  

Mentor farmers participated in a farmer-to-farmer learning exchange with farmer 

research teams of the Malawi Farmer to Farmer Agroecology (MAFFA) project, a previously 

established participatory agroecology intervention in April 2016. In July 2016, they participated 

in a training using the Farming for Change curriculum, an innovative curriculum designed 

explicitly for smallholders in southern Africa with limited formal education developed in 

collaboration with Malawian farmers [232].  The curriculum is integrative as it links 

agroecology with climate change, human and soil nutrition, gender, and related components of 

social equity. Moreover, the curriculum is participatory with its focus on experiential-based 

learning and theatre to explore integration of the various topics.   
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Equipped with a copy of the curriculum, mentor farmers then extended their learning to 

their peers through knowledge sharing and encouraging household experimentation in 

agroecology practices, nutrition, and gender equity.  Participating farmers were also then asked 

to meet at least once a month to discuss challenges in agroecology practices, nutrition, and 

gender equity and possible solutions. When applicable, participant farmers also shared the 

results of their household experimentations in these meetings.  Mentor farmers were also asked 

to visit each household every month to discuss each household’s experiences on farming, 

nutrition, and gender equity. Beyond the monthly meetings and visits, each group and farmer 

were free to decide on any activities to experiment with, which meant implementation of the 

intervention varied greatly from one village to another. To encourage agroecological 

intensification, in the first year each participating household was provided with ¼ acres worth 

of 2 types of legume seeds of their choice (out of 6 species options, namely groundnut, cowpea, 

soybean, pigeon pea, and beans), while mentor farmers were provided with a bicycle to 

facilitate household visits and a small stipend (~$43 monthly). 

Every quarter, mentor farmers and project team met to discuss progress, challenges, and 

solutions to those challenges of peer mentoring and household experimentation with different 

agroecological, nutrition and gender equity strategies in households. Through these meetings, 

mentor farmers actively decided on the project direction. One result of farmer leadership in the 

project was its focus on encouraging equitable gender division of tasks within households; 

farmers believed that it was both important and the most attainable aspect of gender equity. 

Another example of farmer initiative was the project’s collaboration with a research project to 
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learn the most effective method of making botanicals pesticide from available plants around 

Singida.  

Power calculation 

Power calculation is conducted to evaluate what difference we can expect to detect given 

our sample. We use the following formula and assume 95% α (zα/2 = 1. 645), and 90% power (zβ = 

1. 282).  

Table A.4: Equations for power calculation 
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APPENDIX B 

Supplementary information for Chapter 2 

 

 

Sup. Fig. 2.1: Number of associations displayed in studies between women’s empowerment measures 

underweight outcomes (n=22 studies). 
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Sup. Fig. 2.2: robustness check graphs for stunting outcomes (1 of 2 pages) 
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Sup. Fig. 2.2: robustness check graphs for stunting outcomes (2 of 2 pages) 
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Sup. Fig. 2.3: robustness check graphs for wasting outcomes (1 of 2 pages)
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Sup. Fig. 2.3: robustness check graphs for wasting outcomes (2 of 2 pages)
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Sup. Table 2.2: Typology of women’s empowerment indicators for this review 

Domain Dimension Indicators Studies 

a-accessing 1-resources group membership, categorical, if respondent member of 1 vs. none of the following groups: (1) 

work related/trade union, (2) community association/co-op, (3), woman’s group, (4) political 

group, (5) religious group, (6) credit/funeral group, (7) sports, and (8) any other.  

[127] 

group membership; categorical if respondent member of ≥2 vs none of the following groups: (1) 

work related/trade union, (2) community association/co-op, (3), woman’s group, (4) political 

group, (5) religious group, (6) credit/funeral group, (7) sports, and (8) any other.  

[127] 

involved in citizenship activities, categorical, if member talked and joined vs not with other 

community members to address a problem or common issue nor talked with a local authority 

or governmental organization about problems in this community? 

[127] 

involved in citizenship activities, categorical, if member talked or joined vs not with other 

community members to address a problem or common issue nor talked with a local authority 

or governmental organization about problems in this community? 

[127] 

leadership, consulted in community [143] 

leadership, speaking in public subscale of weai [29,124] 

2-agency agriculture, autonomy in production subscale of weai [122–124] 

agriculture, production decision subscale in weai [29,124] 

agriculture, production decision subscale in weai, modified [125] 

credit, credit decision subscale of weai [29,124] 

credit, credit decision subscale of weai, modified [126] 

mobility, dichotomous, if woman has ≥1 more of the following, (1) woman can visit the health 

center, (2) woman can visit her family without permission 

[154] 

mobility, dichotomous, if woman needs permission to go to market [130,131] 
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Sup. Table 2.2: Typology of women’s empowerment indicators for this review 

Domain Dimension Indicators Studies 

mobility, score (0-3), on if woman are allowed to go alone to (1) local market for purchases, (2) 

health center or traditional doctor, and (3) friends in village.  

[128,132] 

mobility, score by factor analysis, on whether woman need husband or senior family members’ 

permission to go to 1) any place outside your house or compound, (2) to the local market, (3) to 

the local health center, (4) fields outside the village, 5) community center in the village, 6) home 

of relatives or friends in the village, 7) a nearby fair, 8) the next village 

[133] 

mobility, scoring 1 or lower if 1 is women can go alone to market, health facility, or outside 

village 

[134] 

social support, decision making, staying with family members, sole or jointly [131,135] 

social support, decision making, visiting friends and family, sole or jointly [135,136] 

social support, decision making, visiting friends and family, whether needs permission [117,131] 

3-

achievements 

access to media, electronic, dichotomous [120] 

access to media, print, dichotomous [120] 

access to media, unclear aggregation [121] 

credit, dichotomous, has participate in credit rotation scheme [141] 

social support, categorical, if woman received support from 1 individual vs. none [127] 

social support, categorical, if woman received support from 2+ individual vs none [127] 

social support, dichotomous, if woman has ≥2 of, [1] has been visited by a family planning 

worker in previous month, [2] has been visited by a health worker in the previous month, [3] 

has access to a mobile telephone 

[154] 

social support, feeling like member of community, dichotomous [127] 

social support, group membership subscale of weai [122–124] 



 

147 

 

Sup. Table 2.2: Typology of women’s empowerment indicators for this review 

Domain Dimension Indicators Studies 

social support, group membership subscale of weai, modified [126] 

social support, group membership, score (0-2): whether women is member of a [1] labor, [2] 

political organization 

[128] 

social support, subscale of maternal capabilities index [160] 

mobility, around village, unclear aggregation [138,139] 

mobility, score by factor analysis, whether woman can go on her own to (1) to the local market, 

(2) to the local health center, (3) fields outside the village, (4) community center in the village, 5) 

home of relatives or friends in the village, (6) temple, (7) a nearby fair, (8) the next village,  

[133] 

4-multiple mobility, score (0-2), where +1 is whether woman (1) can and (2) do go to health center alone or 

with children 

[140] 

b-allocation, 

material 

1-resources income, categorical, if woman contributed 1-300 taka vs none [143] 

income, categorical, if woman contributed between 300-1000 taka vs none [143] 

income, categorical, if woman contributed more than 1000 taka vs none [143] 

income, dichotomous, if woman earns any non-farm income [142] 

income, difference, earns less than spouse vs. same [144] 

income, difference, earns more than spouse vs. same [144] 

income, difference, spouse doesn't earn vs. same [144] 

money use, not having money for own use or not having bank account [134] 

ownership, agriculture resource domain of weai [125] 

ownership, assets ownership subscale of weai [29,124] 

ownership, assets, unclear operationalization [126] 



 

148 

 

Sup. Table 2.2: Typology of women’s empowerment indicators for this review 

Domain Dimension Indicators Studies 

ownership, dwelling, dichotomous [147] 

ownership, land, brought to marriage, unclear operationalization [142] 

ownership, land, categorical: owns land herself, lives in landed household (ref), lives in landless 

household, 

[146] 

ownership, land, dichotomous [147] 

ownership, livestock, brought to marriage, unclear operationalization [142] 

ownership, livestock, dichotomous [146] 

ownership, money for own use, dichotomous [145] 

ownership, purchase, sale, or transfer of assets subscale of weai [29,124] 

ownership, purchase, sale, or transfer of assets subscale of weai, modified [126] 

2-agency childcare, dichotomous, if woman participates in decision making about child’s feeding, sole or 

joint 

[148] 

food, decision making, control over food supply, unclear aggregation [138,139] 

food, decision making, what to buy at the market or what food to cook, dichotomous, sole  [149] 

food, decision making, what to cook, dichotomous, sole or joint [131,136,147] 

food, decision-making, dichotomous, whether father solely decides what to buy at the market 

or what food to cook 

[149] 

money use, control over use of income subscale of weai [122–124] 

money use, decision making, clothes, dichotomous [147] 

money use, decision making, daily purchases, dichotomous, sole [147] 

money use, decision making, daily purchases, dichotomous, sole or joint [136,318,319] 
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Sup. Table 2.2: Typology of women’s empowerment indicators for this review 

Domain Dimension Indicators Studies 

money use, decision making, food purchase, dichotomous, sole or joint [116,120] 

money use, decision making, household purchases, unclear operationalization [132] 

money use, decision making, how to use money that the husband earns, dichotomous, sole or 

joint 

[117] 

money use, decision making, jewelry or other major household items purchase, dichotomous, 

sole or joint 

[135] 

money use, decision making, large purchases, dichotomous, sole or joint [116,119,136,1

50,151] 

money use, decision making, medicine, dichotomous [147] 

money use, decision making, purchase of perishable foods, dichotomous, sole [147] 

money use, decision making, score by factor analysis, on whether woman feels free to (2) to buy 

herself a dress, (2) buy herself small jewelry, (3) small gift to her parents or other family 

members without consulting her husband, and (4) whether she is allowed to have some money 

set aside that she can use as she wish, (5) whether she give all her income to her husband, (6) 

whether her and her husband ever talk alone with each other about what to spend money on, 

(7) whether she has a say on how the household’s overall income is spent, (8) whether she get 

any cash in hand to spend on household expenditure.  

[152] 

money use, decision making, toiletries, dichotomous [147] 

money use, decision making, use as she wish, dichotomous [131,135] 

money use, score, if woman has final say on making (1) large household purchases, (2) 

purchases for daily needs, (3) what to do with money husband earns, and (4) who decides how 

to spend money in the household, unclear aggregation 

[153] 

money use, ability, dichotomous, whether women able to buy condiments [141] 
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Sup. Table 2.2: Typology of women’s empowerment indicators for this review 

Domain Dimension Indicators Studies 

3-

achievements 

money use, score (0-2): whether woman can afford money needed to buy (1) money fruits and 

vegetables and (2) clothes for herself 

[128] 

4-multiple money use, dichotomous on if woman has ≥2 of the following, (1) woman has a job, (2) woman 

is involved in deciding how to spend money she makes, (3) woman is involved in decision 

making about large purchases, and (4) woman belongs to a bank or credit union 

[154] 

[B2] time 

allocation 

3-

achievements 

time, leisure subscale from weai [29,124] 

time, workload subscale from weai [122–124] 

father, male involvement in housework, score (0-2), meal and laundry [128] 

[B3] Child 

care 

2-agency childcare, dichotomous, if woman participates in decision making about child’s health care, sole 

or joint 

[136] 

childcare, score (0-2), if woman (1) has permission from the head of the household to bring the 

child to see a doctor and (2) it was required that womans have an accompanying person to visit 

a health facility with the child.  

[155] 

childcare, score (0-3), if woman is involved in decision making on child’s (1) schooling, (2) 

clothing, and (3) health 

[164] 

childcare, score by factor analysis, who decides (1) not feeding new born baby colostrum, (2) 

exclusive breast feed newborn for 6 months, (3) immunization of the infant, (4) what to do if the 

child falls sick.  

[152] 

 3-

achievements 

father, paternal involvement in childcare score, unclear aggregation of (1) ratio of months father 

and child live in the same roof, (2) if father engaged in child feeding and in child ygiene and 

psychosocial support such as diapering, bathing, handling, and playing, (3) father's financial 

support, (4) if father even brought his child to health institution since his birth, (5) if mother 

ever received information on optimal childcare from father.  

[116] 

2-agency mobility, dichotomous, getting permission to access health care for own health was a problem [119] 
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Sup. Table 2.2: Typology of women’s empowerment indicators for this review 

Domain Dimension Indicators Studies 

[B4] Parental 

care 

mobility, dichotomous, need permission of male member of household to access health care [159] 

multiple decision making, score (0-4), if woman can make decision (jointly or solely) on (1) their 

own health care; (2) making large household purchases; (3) making household purchases for 

daily needs; and (4) visits to family, friends, and relatives 

[135] 

multiple decision making, score (0-5), 1 if sole, on (1) their own health care; (2) making large 

household purchases; (3) making household purchases for daily needs; (4) visits to family, 

friends, and relatives, and (5) food to be cooked each day 

[158] 

own health care, decision making, dichotomous, final say [147] 

own health care, decision making, dichotomous, sole [156] 

own health care, decision making, dichotomous, sole or joint [117,119,136,1

50,151,156,157

] 

3-

achievements 

feeling empowered, score, 1 if current level of empowerment ≥4 (out of 10), 1 if higher than 5 

years ago, 1 if higher than neighbor's, 1 if lower than expected in 1 year, subscale of maternal 

capabilities index 

[160] 

feeling, control, score (0-5), if woman (a) would return to the market to ask for her money back 

upon discovering that a merchant had short-changed her; (b) would confront someone of her 

own age group who said something untrue about her; (c) would correct an untruth told by her 

mother-in-law about the amount of millet used in a meal’s preparation; (d) whether she feels 

she is able to keep her household organized; and (e) whether she feels emotionally stable (not 

depressed) 

[141] 

feeling, score (0-3): if female respondent always (as opposed to sometimes or no) [1] feel like an 

important member of household, [2] think the member of households listen and respect her 

opinions, [3] feel confident enough to resolve problem at home on her own 

[128] 

mental health, ladder score of life satisfaction [126] 
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Sup. Table 2.2: Typology of women’s empowerment indicators for this review 

Domain Dimension Indicators Studies 

mental health, male female difference on score (0-10) on overall life satisfaction [126] 

mental health, psychological well-being subscale of maternal capabilities index [160] 

f-reproductive resources Domestic violence, attitude, wife is justified in refusing sex [153] 

2-agency dichotomous on if woman ever utilize family planning service.  [116] 

achievements domestic violence, experience, sexual, history of, dichotomous [162] 

g-multiple 1-resources age, at first marriage, continuous [116,140] 

age, at first marriage, dichotomous, <16 y. o.  [155] 

age, at first marriage, dichotomous, <18 y. o.  [120,144,163] 

age, difference, continous [140] 

age, difference, dichotomous, older than spouse vs. same age [144] 

age, difference, dichotomous, younger than spouse vs. same age [144] 

education difference - less educated than spouse vs. same education as spouse [144] 

education difference - more educated than spouse vs. same education as spouse [144] 

education, difference, ratio of mother’s to father’s schooling years [140,161] 

feeling, helpless, score (0-8), eight questions from the same instrument in what the researchers 

deemed was a particularly helpless (‘i could never do x alone’), scared (‘i would be scared to do 

x’), or passive manner (‘i would do nothing if x happened’). specific questions undefined.  

[141] 

mother's relative power within the household, weighted summative score (0-1): whether 

woman works for cash income (dichotomous, weight=0. 0701), woman's age at first marriage 

(continuous, 0. 3645), percent difference in the woman and her partner's age (continuous, 0. 

2832), and difference in the woman and her partner's years of education (continuous, 0. 1540) 

[67] 
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Sup. Table 2.2: Typology of women’s empowerment indicators for this review 

Domain Dimension Indicators Studies 

2-agency childcare, score (0-3): if woman is involved in decision making on (1) what to do if child got 

sick, (2) child schooling, and (3) to whom the child marry 

[116] 

decision making, score (0-4), on [1] large purchases, [2] what to do if family member is sick, [3] 

whether to buy medicine if sick, [4] what to do if pregnant women is sick 

[165] 

mobility, score (0-3) on if she required approval from her husband or family member to go to 

(1) outside home, (2) market place, and (3) health institution 

[116] 

multiple decision making, categorical, 1 if woman has more number of categories for which she 

is the final decision maker, -1 if man has more, or 0 if households reported joint decision 

making on (1) land and (2) plot holdings, (3) livestock and (4) assets ownership, (5) receiving 

gift and (6) remittance, and (7) decision making for livestock consumption.  

[173] 

multiple decision making, categorical, low (scoring 1-5) vs. high (scoring 10), sum of 0 if woman 

has no say, 1 if woman participates joint decision making, and 2 if woman has the final say on 

[1] own health care, [2] child's health care, [3] large household purchases, [4] household 

purchases of daily needs, [5] visits to relatives and friends.  

[121] 

multiple decision making, categorical, low vs. high, on health care, purchases, visits to relatives 

and food to be cooked, unclear operationalization 

[169] 

multiple decision making, categorical, medium scoring 6-9) vs. high (scoring 10), sum of 0 if 

woman has no say, 1 if woman participates joint decision making, and 2 if woman has the final 

say on [1] own health care, [2] child's health care, [3] large household purchases, [4] household 

purchases of daily needs, [5] visits to relatives and friends.  

[121] 

multiple decision making, categorical, medium vs. high, on health care, purchases, visits to 

relatives and food to be cooked, unclear operationalization 

[169] 

multiple decision making, categorical, nil (scoring 0) vs. high (scoring 10), sum of 0 if woman 

has no say, 1 if woman participates joint decision making, and 2 if woman has the final say on 

[1] own health care, [2] child's health care, [3] large household purchases, [4] household 

purchases of daily needs, [5] visits to relatives and friends.  

[121] 
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Sup. Table 2.2: Typology of women’s empowerment indicators for this review 

Domain Dimension Indicators Studies 

multiple decision making, dichotomous, all father vs. distributed [168] 

multiple decision making, dichotomous, if woman can make any decision without male 

relatives on (1) what to sell and (2) grow, (3) when to obtain health care for children and (4) 

family planning.  

[171] 

multiple decision making, dichotomous, if woman is involved in decision making on ≥3 on, (1) 

child’s health, (2) sex, (3) contraception, (4) own health 

[154] 

multiple decision making, dichotomous, scoring below 8 when 1 is final decision by someone 

else, 2 make joint decision, 3 final decision by respondent on woman’s own health care, making 

large household purchases, making daily purchases, and on visits to family or friends 

[134] 

multiple decision making, dichotomous, unclear operationalization [144] 

multiple decision making, score (0-100%), 20% if sole or joint, on (1) their own health care; (2) 

making large household purchases; (3) making household purchases for daily needs; (4) visits 

to family, friends, and relatives, and (5) to borrow money 

[162] 

multiple decision making, score (0-14), sum of 0 if woman has no say, 1 if woman participates 

joint decision making, and 2 if woman has the final say on (1) own health care, (2) making large 

purchases, (4) make daily household purchases, (3) visiting family or relatives, and (5) whether 

she is allowed to go to the market, (6) health facility, and (7) places outside the 

village/community 

[166] 

multiple decision making, score (0-3): if woman has the last word regarding (1) what to do if a 

member of household is sick, (2) kids’ schooling, (3) whether to have another child or not? 

[128] 

multiple decision making, score (0-4), 1 if sole or joint, (1) their own health care; (2) making 

large household purchases; (3) making household purchases for daily needs; and (4) visits to 

family, friends, and relatives 

[172,174,175] 
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Domain Dimension Indicators Studies 

multiple decision making, score (0-5), 1 if sole or joint, on (1) their own health care; (2) making 

large household purchases; (3) making household purchases for daily needs; (4) visits to family, 

friends, and relatives, and (5) food to be cooked each day 

[158] 

multiple decision making, score (0-5), sole or joint, on (1) control over financial resources, (2) 

decisions regarding daily and large, (3) household purchases, (4) decisions regarding own 

health care, and (5) decisions regarding visits to relatives 

[140] 

multiple decision making, score (11-44), summative of 1 if husband is the sole decision maker, 2 

if husband is the primary decision maker, 3 if woman is the primary decision maker, and 4 if 

woman is the sole decision maker on (1) purchasing food, (2) go to the health center/healer 

when a children is sick, (3) go to the health center/healer when a you are sick, (4) purchase 

medicine for a sick children, (5) adopt birth control, (6) whether a children attends school, (7) 

spend money you earn, (8) spend money your husband earns, (9) sell animals, (10) slaughter 

animals for meat, (11) bleed animals.  

[167] 

multiple decision making, score by factor analysis, (1) what food to buy for family meals, (2) 

whether to purchase small household items such as a table, utensils, (3) what gifts to give when 

relatives marry, (4) whether or not you should work outside the home, (5) inviting guests to 

your home, (6) your going and staying with parents or siblings, (7) obtaining health care for 

yourself, (8) whether to purchase major goods for the household such as a tv, (9) whether to 

purchase or sell animals, (10) whether to purchase or sell gold/silver jewelry, (11) how your 

earnings are spent, (12) whether money can be spent on health care for the child 

[152] 

multiple decision making, score, household decisions, financial decisions, decisions regarding 

self and social decisions, unclear operationalization 

[170] 

multiple decission making, score (0-4), if woman can make decision (jointly or solely) on (1) 

their own health care; (2) making large household purchases; (3) making household purchases 

for daily needs; and (4) visits to family, friends, and relatives 

[146] 

multiple decision making, score, unclear operationalization [142] 
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Domain Dimension Indicators Studies 

tertiles of the score on if woman can make decisions (1=cannot decide at all to 5=decide on my 

own) on (1) household purchases for daily needs, (2) make large household purchases, (3) buy 

clothes for yourself, (4) buy toiletries for yourself, (5) when and in which order make chores, (6) 

whether you should earn money, (7) which foods to cook each day, (8) what food to give to 

children, (9) small purchases for children’s daily need, (9) larger purchases for children’s need, 

(10) how your children should be disciplined, (11) when and where you go when you fall sick, 

(12) whether you should use any method to avoid children, (13) when and where you take sick 

children for treatment, (14) accompanied by children visiting friends/relatives, (15) 

accompanied by children visiting friends/relatives including overnight stay, (16) when and 

which friends are visiting you at your house  

[176] 

3-

achievements 

domestic violence, experience, emotional, dichotomous [178] 

domestic violence, experience, ipv, dichotomous [144,177] 

domestic violence, experience, ipv, during pregnancy, dichotomous [178] 

domestic violence, experience, physical, dichotomous [138,152,178] 

domestic violence, experience, physical, history of, dichotomous [162] 

domestic violence, experience, psychological and sexual, unclear aggreagation [138,139] 

domestic violence, experience, sexual, dichotomous [178] 

4-multiple controlling behaviors, score (0-1), number of controlling behaviors husband has done divided 

by number of behaviors asked (varies by survey) including accusing unfaithfulness, limiting 

contact with family, telling her she’s good for nothing, threatening to leave, threatening to cut 

off support, threatening to take children, yelling at her, limiting contact with friends, 

demanding to know where she is, not trusting her with money, humiliating her, being jealous, 

hiding income, acting indifferent, and forbidding visits.  

[158] 
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Domain Dimension Indicators Studies 

controlling behaviors, score (0-7), if woman’s partner (1) restricted woman’s contacts with 

friends; (2) restricted woman’s contacts with family; (3) insisted on knowing her whereabouts at 

all times; (4) ignored and treated her indifferently; (5) became angry if she spoke to another 

man; (6) was constantly suspicious that she was unfaithful; and (7) expected her to ask for his 

permission to seek health care for herself.  

[178] 

domestic violence, attitude, dichotomous, did not agree that beatings justified if woman, [1] 

leaves the house without permission, [2] neglects the kids, [3] argues with her husband, [4] 

refuses sex, [5] burns the food 

[154] 

domestic violence, attitude, dichotomous, unclear operationalization [144,150,164] 

domestic violence, attitude, score (0-100%), 20% for beatings justified if she, (1) neglects the 

children, (2) argues with her husband, (3) refuses sex, (4) goes out without informing the 

husband, [5] burns the food 

[162] 

domestic violence, attitude, score (0-4), beatings justified if she, (1) neglects the children, (2) 

argues with her husband, (3) refuses sex, or (4) goes out without informing the husband 

[140] 

domestic violence, attitude, score by factor analysis, beatings justified if, (1) he suspects her of 

being unfaithful, (2) her natal family does not give expected money, jewelry, or other items, (3) 

she shows disrespect for in-laws, (4) she goes out without telling him, (5) she neglects the house 

or children, and (6) she doesn’t cook food properly 

[152] 

domestic violence, attitude, score, number of circumsntances beating justified, questions 

unspecified 

[153] 

domestic violence, dichotomous, husband beat if wife is unfaithful [161] 

domestic violence, experience, ipv, score (0-1), number of violent acts husband has done 

divided by number of violent acts asked (varies by survey) which include pushing, hitting, 

strangling, forcing to have sex, physical violenve, slapping, kicking, dragging, biting, and 

threatening with weapon.  

[158] 
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father, gender parity gap of weai [123,125] 

index, composite maternal capabilities index [160] 

index, decision-making subscale of maternal capabilities index (14-70), woman’s opinion 

(1=strongly disagree, 5=strongly agree) on the following statements (1) her opinion is respected 

when she and her husband had disagreement, (2) husband has final say on how to spend 

money in household, (3) she wishes that i could use more of the money that we have in our 

household on food for my children, (4) she wishes feel uncomfortable with way husband spend 

money, (5) feel confident in my ability make good choices for my children, (6) feel free to 

disagree with mother-in-law on decisions about children, (7) feel have control on the number of 

children she has, (8) feel have control on when to have another child, (9) feel husband to beating 

me is justified in certain circumstances, (10) feel husband forcing sex is appropriate, (11) feeling 

like she can help her child if child has a serious health problem like diarrhea, (12) do what 

friend or relative insist that i do if child has a serious health problem, (13) doing what is 

expected of me if child has a serious health problem to get the approval of other people / not be 

blamed, and (14) doing what she feels personally important if she has serious health problems.  

[160] 

index, earned money and control of income, involvement in decisions on household food and 

health expenditures and child feeding and whether other family members participated in these 

decisions.  

[148] 

index, mother's position in household and involvement in decision-making, unclear 

operationalization 

[138,139] 

index, score (0-9), based on economic [(1) equal or more earning than husband, (2) if woman 

decides how money she earns be used, (3) how money her partner earns be used, and (4) about 

major household purchases], socio-familial [(5) if woman makes decision about visits to family 

and relatives and (6)own health, and (7) if husband is justified in hitting/beating wife if she goes 

out without telling him, neglects the children, argues with him, refuses sex, or burns food], and 

legal [if woman owns (8) home and (9) land] 

[181] 
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index, total empowerment score (0-16): total from leadership score (0-3), mobility score (0-3), 

decision making score (0-3), economic security (0-3), male involvement in housework (0-2), 

group membership score (0-2).  

[128] 

index, weai [122–126] 

index, weighted score (-1. 499-1. 687), [1] if woman work in the last 12 months (yes=-0. 621, 

no=0. 281), [2] who makes decision on woman’s own health (woman alone=1. 514, jointly with 

husband=0. 610, husband alone=-1. 108), [3] who makes decision on visiting relatives (woman 

alone=1. 455, jointly with husband=0. 762, husband alone=-1. 132), [4] whether respondent can 

go out without any permission (yes=1. 456, depends=0. 979, no=-1. 129) 

[180] 

index, women’s empowerment index; principal component analysis from if woman participates 

in decision making on [1] use of partners’ earning, [2] major household purchases, [3] their own 

health, [4] visits to family or relatives, and [5] if woman ever experienced emotional, physical, 

or sexual violence committed by husband.  

[179] 
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Sup. Table 2.3: PRISMA check list 

Section/topic # Checklist item Reported on  

TITLE 

Title 1 Identify the report as a systematic review, meta-analysis, or both.  Title page 

ABSTRACT 

Structured 

summary 

2 Provide a structured summary including, as applicable: background; objectives; data sources; 

study eligibility criteria, participants, and interventions; study appraisal and synthesis 

methods; results; limitations; conclusions and implications of key findings; systematic review 

registration number.  

Section 0 

INTRODUCTION 

Rationale 3 Describe the rationale for the review in the context of what is already known.  Sec 1, par 3 

Objectives 4 Provide an explicit statement of questions being addressed with reference to participants, 

interventions, comparisons, outcomes, and study design (PICOS).  
Sec 1, par 3 

METHODS 

Protocol and 

registration 

5 Indicate if a review protocol exists, if and where it can be accessed (e. g. , Web address), and, if 

available, provide registration information including registration number.  
n/a 

Eligibility criteria 6 Specify study characteristics (e. g. , PICOS, length of follow-up) and report characteristics (e. g. 

, years considered, language, publication status) used as criteria for eligibility, giving rationale.  
Sec 3.2.1 

Information 

sources 

7 Describe all information sources (e. g. , databases with dates of coverage, contact with study 

authors to identify additional studies) in the search and date last searched.  
Sec 3.1 

Search 8 Present full electronic search strategy for at least one database, including any limits used, such 

that it could be repeated.  
Sup. Table 1 

Study selection 9 State the process for selecting studies (i. e. , screening, eligibility, included in systematic review, 

and, if applicable, included in the meta-analysis).  
Sec 3.2.1 

Data collection 

process 

10 Describe method of data extraction from reports (e. g. , piloted forms, independently, in 

duplicate) and any processes for obtaining and confirming data from investigators.  
Sec 3.3 
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Section/topic # Checklist item Reported on  

Data items 11 List and define all variables for which data were sought (e. g. , PICOS, funding sources) and 

any assumptions and simplifications made.  
Sec 3.3 

Risk of bias in 

individual studies 

12 Describe methods used for assessing risk of bias of individual studies (including specification 

of whether this was done at the study or outcome level), and how this information is to be used 

in any data synthesis.  

Sec 3.2.2 

Summary 

measures 

13 State the principal summary measures (e. g. , risk ratio, difference in means).  Sec 3.3 

Par 3 

Synthesis of 

results 

14 Describe the methods of handling data and combining results of studies, if done, including 

measures of consistency (e. g. , I2) for each meta-analysis.  
n/a 

Risk of bias across 

studies 

15 Specify any assessment of risk of bias that may affect the cumulative evidence (e. g. , 

publication bias, selective reporting within studies).  
Sec 3.3 

Additional 

analyses 

16 Describe methods of additional analyses (e. g. , sensitivity or subgroup analyses, meta-

regression), if done, indicating which were pre-specified.  
n/a 

RESULTS 

Study selection 17 Give numbers of studies screened, assessed for eligibility, and included in the review, with 

reasons for exclusions at each stage, ideally with a flow diagram.  
Figure 2.2 

Study 

characteristics 

18 For each study, present characteristics for which data were extracted (e. g. , study size, PICOS, 

follow-up period) and provide the citations.  

Table 2 

Sup. Table 4 

Risk of bias 

within studies 

19 Present data on risk of bias of each study and, if available, any outcome level assessment (see 

item 12).  
Sup. Table 12 

Results of 

individual studies 

20 For all outcomes considered (benefits or harms), present, for each study: (a) simple summary 

data for each intervention group (b) effect estimates and confidence intervals, ideally with a 

forest plot.  

Sup. Table 5-

11 
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Section/topic # Checklist item Reported on  

Synthesis of 

results 

21 Present results of each meta-analysis done, including confidence intervals and measures of 

consistency.  
Figure 2.4 

Risk of bias across 

studies 

22 Present results of any assessment of risk of bias across studies (see Item 15).  
10 

Additional 

analysis 

23 Give results of additional analyses, if done (e. g. , sensitivity or subgroup analyses, meta-

regression [see Item 16]).  
n/a 

DISCUSSION 

Summary of 

evidence 

24 Summarize the main findings including the strength of evidence for each main outcome; 

consider their relevance to key groups (e. g. , health care providers, users, and policy makers).  
17 

Limitations 25 Discuss limitations at study and outcome level (e. g. , risk of bias), and at review-level (e. g. , 

incomplete retrieval of identified research, reporting bias).  
21 

Conclusions 26 Provide a general interpretation of the results in the context of other evidence, and implications 

for future research.  
17 

FUNDING 

Funding 27 Describe sources of funding for the systematic review and other support (e. g. , supply of data); 

role of funders for the systematic review.  
1 
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Table 2.4: Characteristics of study reviewed 

Study 

Study characteristics Population Publication paper 
title 
specific 
we--> 
nut? 

included 
in other 
reviews? 

Statistics 

Year of 
public 
cation 

Study 
design 

Data source 
Sample size, 

women 
Sample size, 

children 
additional description 

Rural vs. 
urban 

Age of 
children 

type field Model 

control 
for 

pathway 
variable 

control 
for 

mother's 
health 

Abate 2017 2017 
cross-

sectional 
primary; for 

analysis 
749 749 

Farming households living in 
three coffee producing sub-

districts of Jimma zone, 
Ethiopia 

both 

"infant & 
young 
child"  

12±7.6 
m.o. 

journal 
global / public 

health 
yes no MLR x x 

Ackerson 2008 2008 
cross-

sectional 
secondary; 

NFHS1 
unclear 14,522   both <3 y.o. journal 

global / public 
health 

yes no MLR     

Agarwal 2009 2009 
cross-

sectional 
secondary; 

NFHS3 
10,626 10,626   urban <5 y.o. journal 

global / public 
health 

no no MLR (logistic)     

Aguayo 2016 2016 
cross-

sectional 
secondary; other; 

CNSM 2012 

not defined 
separately  

(about 2,542) 
2,561 - both 0-23 m.o. journal 

global / public 
health 

no no MLR (logistic) x x 

Alaofe 2017 2017 
cross-

sectional 

secondary; 
baseline study of 
intervention; Solar 

Market Garden 

767 767 
Kalal´e district of northern 

Benin 
both 6-59 m.o. journal 

global / public 
health 

yes no MLR x   

Allendorf 2007 2007 
cross-

sectional 
secondary; DHS, 

Nepal 2001 
3,770 3,770 

Sample limited to agricultural 
workers and regular members 

of the household who are 
currently married and residing 

with their husbands. 

rural <5 y.o. journal sociology no no MLR (logistic)     

Amugsi 2014 2014 
cross-

sectional 
secondary; DHS,  

Ghana 2008 
not defined 
separately 

1,187 - both 6-36 m.o journal 
global / public 

health 
no no GLM x x 

Antai 2012 2012 
cross-

sectional 
secondary; 2008 

Nigeria DHS 
33,385 24,910 - both 1-5 y.o. journal 

global / public 
health 

    MLR, logistic     

Barrios 2013 2013 
cross-

sectional 
secondary; other; 

PNDS 2006 
3,390 3,390 - both <60 m.o. gray nutrition yes no 

MLR (logistic), 
weighted 
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Study 

Study characteristics Population Publication paper 
title 
specific 
we--> 
nut? 

included 
in other 
reviews? 

Statistics 

Year of 
public 
cation 

Study 
design 

Data source 
Sample size, 

women 
Sample size, 

children 
additional description 

Rural vs. 
urban 

Age of 
children 

type field Model 

control 
for 

pathway 
variable 

control 
for 

mother's 
health 

Becker 2006 2006 
cross-

sectional 
secondary; 

Guatemalan MNH 
546 391   both 0-1 y.o. journal 

population and 
family health 

science 
    MLR (logistic) x   

Begin 1997 1997 
cross-

sectional 
primary; for 

analysis 
64 98 

agricultural household in 
Sahelia area (Mao) of Chad 

rural 
12-71 
m.o. 

journal nutrition yes yes MLR     

Begin 1999 1999 
cross-

sectional 
primary; for 

analysis 
64 98 

agricultural household in 
Sahelia area (Mao) of Chad 

rural 
12-71 
m.o. 

journal nutrition yes yes MLR     

Begum 2009 2009 
cross-

sectional 
secondary; DHS, 
Bangladesh 2000 

unclear unclear - both 
not 

defined 
journal 

economicsomics / 
development 

studies 
yes yes MLR     

Bhagowalia 
2012 

2012 
cross-

sectional 
secondary; DHS, 
Bangladesh 2007 

not defined 
separately 

4,819 for haz 
1,743 for dds 

- both 

6-59 m.o. 
for nut 

status, 6-
23 m.o. 

for dietary 
diversity 

report 
economicsomics / 

food policy 
yes no MLR (logistic)   x 

Bose 2011 2011 
cross-

sectional 
secondary; 

NFHS3 
not defined 
separately 

20,181 for 
bf11,923 for cf 

- both 
<5 y.o. for 
bf<2 y.o 

for cf 
journal sociology yes yes HLM     

Brennan 2004 2004 
cross-

sectional 
secondary; 

NFHS2 
not defined 
separately 

2,221 Uttar Pradesh region both <2 y.o. journal 
economics; 

human biology 
no yes logit x x 

Brunson 2009 2009 
cross-

sectional 
primary; for 

analysis 
435 934 - rural <10 y.o. journal anthropology yes yes HLM x   

Cliffer 2013 2013 
cross-

sectional 
secondary; DHS, 
Bangladesh 2011 

3,170 
not defined 
separately 

- both <24 m.o. gray 
global / public 

health 
yes no MLR x   
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Table 2.4: Characteristics of study reviewed 

Study 

Study characteristics Population Publication paper 
title 
specific 
we--> 
nut? 

included 
in other 
reviews? 

Statistics 

Year of 
public 
cation 

Study 
design 

Data source 
Sample size, 

women 
Sample size, 

children 
additional description 

Rural vs. 
urban 

Age of 
children 

type field Model 

control 
for 

pathway 
variable 

control 
for 

mother's 
health 

Cunningham 
2015 

2015 
cross-

sectional 
primary; for 

analysis 
1,787 1,787 - rural <2 y.o. journal 

economics / food 
policy 

yes no MLR x x 

Dancer 2009 2009 
cross-

sectional 
secondary; DHS, 

Nepal 2006 
not defined 
separately 

4,630 - rural 6-59 m.o. journal economics yes yes OLS; logit x x 

De Silva 2007 2007 
cross-

sectional 
secondary; Young 

Lives 
not defined 
separately 

Peru: 1,678 
Vietnam: 

1,962 
Ethiopia: 

1,756 
India: 1,846 

in India, in Andhra Pradesh both 6-18 m.o. journal 
global / public 

health 
yes yes MLR x   

Debnath 2016 2016 
cross-

sectional 
secondary; 

NFHS3 
not defined 

clearly 
not defined 

clearly 
- rural <5 y.o. journal economics yes no MLR x x 

Desai 2005 2005 
cross-

sectional 
secondary; DHS, 

12 countries 
not defined 
separately 

Benin 2781 
Colombia 

3228 
Egypt 8050 
Haiti 4255 

India 15940 
Malawi 6859 

Mali 6882 
Nepal 4876 
Nicaragua 

4678 
Peru 9271 

Uganda 3919 
Zimbabwe 

2042 

- both 
13-60 
m.o. 

gray 
global / public 

health 
yes yes MLR     

Fafchamps 
2009 

2009 
repeated 

cross-
sectional 

secondary; ERHS 
not defined 
separately 

haz 4503 
waz 4552 
whz 4490 

- rural 
not 

defined 
journal economics yes no MLR x   

Franckel and 
Lalou 2009 

2009 
cross-

sectional 

secondary; IRD 
survey in DSS 

area 
902 902   rural 0-10 y.o. journal demography     MLR (logistic) x   
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Study 

Study characteristics Population Publication paper 
title 
specific 
we--> 
nut? 

included 
in other 
reviews? 

Statistics 

Year of 
public 
cation 

Study 
design 

Data source 
Sample size, 

women 
Sample size, 

children 
additional description 

Rural vs. 
urban 

Age of 
children 

type field Model 

control 
for 

pathway 
variable 

control 
for 

mother's 
health 

Grabowski and 
Self 2013 

2013 
cross-

sectional 

secondary; World 
Bank Living 
Standards 

Measurement 
Survey 

558 558   rural 0-16 y.o. journal economics     MLR (logistic)     

Haile 2013 2013 
cross-

sectional 
secondary; 2008-

2009 KDHS 
1,370 1370   rural 0-1 y.o. journal 

global / public 
health 

    MLR (logistic) x   

Heaton 2008 2008 
cross-

sectional 

secondary; DHS, 
Colombia 2000, 
Peru 2000, Haiti 
2000, Nicaragua 
1997/98, Bolivia 

2003 

not defined 
separately 

Bolivia 8811 
Peru 5704 
Colombia 

3412 
Haiti 2240 
Nicaragua 

5880 

- both <5 y.o. journal sociology yes yes MLR x   

Ickes 2017 2017 
cross-

sectional 

secondary; DHS, 
Uganda 2006 & 

2011 
195 195 - both 0-23 m.o. journal 

global / public 
health 

yes no MLR (logistic)     

Imai 2014 2014 
repeated 

cross-
sectional 

secondary; 
NFHS1, NFHS2, 

and NFHS3 

not defined 
clearly 

not defined 
clearly 

- rural 0-3 y.o. journal 
global / public 

health 
yes yes 

2SLS/IV, 
Quantile 

Regression, 
Pseudo Panel 

    

Lepine 2013 2013 
cross-

sectional 
primary; for 

analysis 
505 578 - rural <5 y.o. journal economics yes yes 

2SLS using 
ethnicity as IV 

    

Maffioli 2009 2009 
cross-

sectional 
secondary; DHS, 

5 countries 

India: 26309 
Bangladesh: 

3565 
Ghana: 1900 

Ethiopia: 2873 
Burkina Faso: 

5565 

not defined 
separately 

only included married mothers both 1-5 y.o. conference statistics yes yes MLR x   

Malapit 2015a 2015 
cross-

sectional 
secondary; BIHS 

2012 
not defined 
separately 

1,774 farming households only rural <5 y.o. gray 
economics / food 

policy 
yes no MLR, IV x x 
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Table 2.4: Characteristics of study reviewed 

Study 

Study characteristics Population Publication paper 
title 
specific 
we--> 
nut? 

included 
in other 
reviews? 

Statistics 

Year of 
public 
cation 

Study 
design 

Data source 
Sample size, 

women 
Sample size, 

children 
additional description 

Rural vs. 
urban 

Age of 
children 

type field Model 

control 
for 

pathway 
variable 

control 
for 

mother's 
health 

Malapit 2015b 2015 
cross-

sectional 

secondary; 
baseline study of 
intervention; FTF 
in norther Ghana 

not defined 
separately 

1122 
EBF 115 
CF 311 

farming households only rural 

<5 y.o. 
EBF 0-6 

m.o. 
CF 6-23 

m.o. 

journal 
economics / food 

policy 
yes no MLR     

Malapit 2015c 2015 
cross-

sectional 

secondary; 
baseline study of 

intervention; 
Suaahara 

not defined 
separately 

3,117 farming households only rural <5 y.o. journal 
economics / food 

policy 
yes no MLR x x 

Malhotra 2014 2014 
cross-

sectional 
secondary; NFHS 124,385 51,555   both 0-5 y.o. journal 

global / public 
health 

    MLR (logistic)     

Mashal 2008 2008 
cross-

sectional 
primary; for 

analysis 
1,327 2,474 

in Kabul province, 
Afghanistan 

both <5 y.o. journal 
global / public 

health 
no yes MLR     

Merchant 1997 1997 
cross-

sectional 
primary; for 

analysis 
not defined 
separately 

500 Bombay slums urban 6-36 m.o journal nutrition no yes simple t-test     

Na 2015 2015 
cross-

sectional 
secondary; DHS, 

10 countries 
not defined 
separately 

1908 (Benin); 
2090 (Burkina 

Faso); 969 
(Ethiopia); 

1004 (Mali); 
743 (Niger); 

4744 
(Nigeria); 

1311 
(Rwanda); 

1162 (Sierra 
Leone); 849 

(Uganda); and 
373 

(Zimbabwe) 

Ten countries in sub-Saharan 
Africa included: Benin, 

Burkina Faso, Ethiopia, Mali, 
Niger, Nigeria, Rwanda, 

Sierra Leone, Uganda and 
Zimbabwe 

both 6-23 m.o. journal 
global / public 

health 
yes no MLR x   

Patel 2007 2007 
cross-

sectional 
primary; for 

analysis 
221 569 

The Tsimane population in 
the Amazon 

rural 2-13 y.o. gray economics yes yes MLR     
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Table 2.4: Characteristics of study reviewed 

Study 

Study characteristics Population Publication paper 
title 
specific 
we--> 
nut? 

included 
in other 
reviews? 

Statistics 

Year of 
public 
cation 

Study 
design 

Data source 
Sample size, 

women 
Sample size, 

children 
additional description 

Rural vs. 
urban 

Age of 
children 

type field Model 

control 
for 

pathway 
variable 

control 
for 

mother's 
health 

Radebe 1996 1996 
cross-

sectional 
primary; for 

analysis 
not defined 
separately 

327 

People attending primary 
health care clinics on 
communal lands and 

commercial farms in Mazowe 
District of Zimbabwe 

rural <5 y.o. journal medicine no yes 
t-test, chi-

square 
    

Rahman 2015 2015 
cross-

sectional 
primary; for 

analysis 
not defined 
separately 

2,056 currently married mothers  rural <5 y.o. journal 
population 

science 
yes no 

MLR 
(stepwise) 

  x 

Rajaram 2017 2017 
cross-

sectional 
secondary; 

NFHS3 
not defined 
separately 

40,686 - both <5 y.o. journal economics yes no MLR (logistic) x x 

Ross Suits 
2010 

2010 
cross-

sectional 
secondary; DHS: 
Tanzania 2004/05 

6,101 
not defined 
separately 

  both <59 m.o. gray 
global / public 

health 
yes   

MLR (logistic), 
weighted 

x   

Roushdy 2004 2004 
cross-

sectional 

secondary; for 
another study; 
Stalled Fertility 

Transition 

not defined 
separately 

2,729 - both <5 y.o. conference economics yes yes MLR (logistic)     

Sabarwal 2012 2012 
cross-

sectional 
secondary; NFHS 6,947 6947   both 1-2 y.o. journal 

global / public 
health 

    
Poisson 

regression 
    

Salazar 2012 2012 
cross-

sectional 

secondary; Health 
and Demographic 

Surveillance 
System 

not defined 
separately 

375 Leon municipality both 0-46 m.o journal demography yes no SLR     

Sethuraman 
2006 

2006 
cross-

sectional 
primary; for 

analysis 
not defined 
separately 

820 
The scheduled caste, 

backward caste, and one 
scheduled tribe 

rural 6-24 m.o. journal nutrition yes yes MLR x x 

Sethuraman 
2008 

2008 
repeated 

cross-
sectional 

primary; for 
analysis 

not defined 
separately 

665 
The scheduled caste, 

backward caste, and one 
scheduled tribe 

rural 
not 

defined 
journal nutrition yes yes MLR x x 
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Table 2.4: Characteristics of study reviewed 

Study 

Study characteristics Population Publication paper 
title 
specific 
we--> 
nut? 

included 
in other 
reviews? 

Statistics 

Year of 
public 
cation 

Study 
design 

Data source 
Sample size, 

women 
Sample size, 

children 
additional description 

Rural vs. 
urban 

Age of 
children 

type field Model 

control 
for 

pathway 
variable 

control 
for 

mother's 
health 

Shroff 2009 2009 
cross-

sectional 
secondary; 

NFHS3 
821 821 - both <36 m.o. journal 

global / public 
health 

yes yes MLR x   

Shroff 2011 2011 
cross-

sectional 
primary; for 

analysis 
600 600 - rural 3-5 m.o journal 

global / public 
health 

yes yes 
GLS (random 

elffects) 
x x 

Siddhanta 
2017 

2017 
cross-

sectional 

secondary; 
NFHS3 & DHS, 

Bangladesh 2007 
not defined not defined - both 0-59 m.o. journal 

population 
science 

yes no MLR (logistic) x   

Simon 2002 2002 
cross-

sectional 
primary; for 

analysis 
500 500 

Fulbe villages in remote 
north-western administrative 

Circle of Mopti 
rural <5 y.o. journal 

global / public 
health 

yes yes MLR (logistic) x x 

Sipsma 2013 2013 
cross-

sectional 
secondary; LDHS 

2007 
3,894 

not defined 
separately 

  both unclear journal 
women, children 
and family health 

science 
    MLR (logistic)     

Smith 2003 2003 
cross-

sectional 
secondary; DHS, 

36 countries 
105,567 117,242 only included married mothers both <3 y.o. gray 

economics / food 
policy 

yes yes MLR   x 

Tariku 2017 2017 
cross-

sectional 
secondary; Dabat 

HDSS 
5,277 

not defined 
separately 

Dabat district both <5 y.o. journal 
global / public 

health 
no no MLR x x 

Trapp 2006 2006 
cross-

sectional 
secondary; MHSS 

1996 
4,768 

not defined 
separately 

Matlab, India both 1-14 y.o. gray sociology yes no 
multinomial 

logistic 
regression 

    

Ueyama 2006 2006 
cross-

sectional 
secondary; 

MRMHS 1995 
404 404 - rural 0-36 m.o. gray economics no yes 

multilevel 
model 

  x 
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Table 2.4: Characteristics of study reviewed 

Study 

Study characteristics Population Publication paper 
title 
specific 
we--> 
nut? 

included 
in other 
reviews? 

Statistics 

Year of 
public 
cation 

Study 
design 

Data source 
Sample size, 

women 
Sample size, 

children 
additional description 

Rural vs. 
urban 

Age of 
children 

type field Model 

control 
for 

pathway 
variable 

control 
for 

mother's 
health 

Wado 2014 2014 
cross-

sectional 
secondary; HDSS 1,370 889   rural 1-2 y.o. journal 

population and 
family health 

science 
    MLR (logistic) x   

Woldemicael 
and 
Tenkorang 
2010 

2010 
cross-

sectional 
secondary; EDHS 

2005 
5,560 

not defined 
separately 

  both 0-5 y.o. journal sociology     MLR (logistic)     

Zereyesus 
2017 

2017 
cross-

sectional 

secondary; 
baseline study of 
intervention; FTF 
in norther Ghana 

1,393 
not defined 
separately 

- both <5 y.o. journal economics yes no MLR   x 

Ziaei 2015 2015 
cross-

sectional 
primary; for 

analysis 
not defined 
separately 

1,371 - rural <3 y.o. journal 
global / public 

health 
yes no GLM, MLR x   
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APPENDIX C 

Supplementary information for Chapter 3 

 

Sup. Fig. 3.1: Proportion of household growing legumes, by intervention arm. All standard error 

shown controlled for clustering at village level. (n=532-581)
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Sup. Fig. 3.2: Proportion of children, women, and men’s dietary diversity, by intervention arm. All standard error shown controlled for 

clustering at village level. (n=532-581). 
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A – Proportion of household using ash to manage pest 

 
B – Proportion of household using botanicals pesticide to manage pest 

Sup. Fig. 3.3: Specific pest management activities, by intervention arm. All standard error shown controlled for clustering at village level. 

(n=532-581). 

  

Sup. Fig. 3.4: Proportion of men and women with probable depression, by intervention arm. All standard error shown controlled for 

clustering at village level. (n=532-581 for women’s data; 455-480 for men’s data)
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