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Background
Introduction
The problem, condition, or issue
Malnutrition remains a major global health challenge, especially among young children, despite the
continued efforts of the international community to address it (Ahmed 2012). Malnutrition refers to
deficiencies or excesses in nutrient intake, imbalance of essential nutrients, or impaired nutrient
utilization (WHO 2022). In 2020, about 150 million children worldwide under the age of five were
reported stunted, with almost 45 million wasted and 40 million overweight or obese (United 2020).
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Abstract
Objectives
This is a protocol for a Cochrane Review (prototype). The objectives are as follows:

This EGM aims to identify, map, and provide an overview of the existing evidence and gaps on the
impact of different types of physical infrastructure on various outcomes of low-income consumers’
nutritious diet, women’s economic empowerment (WEE), and gender equality in low- and middle-
income consumers. The specific objectives of the EGM are:

Identify clusters of evidence that offer opportunities for evidence synthesis. 

Identify gaps in evidence where new studies, research, and evaluations are needed.

Identify, appraise, and provide short summaries of existing evidence on the impact of
infrastructure on various outcomes of interest for low-income consumers.

https://revman.cochrane.org/CA000324
https://revman.cochrane.org/10.1002/14651858.CA000324
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Similarly, about 1.9 billion were overweight while 462 million of them were underweight (United
2020a). Vulnerable social groups such as women, infants, children, and adolescents are at higher
risk of malnutrition. Also, poor people are more likely to experience different forms of malnutrition,
i.e., undernutrition, micronutrient deficiencies, and obesity (United 2020) Malnutrition also raises
health care costs while reducing productivity and slowing economic growth, which can perpetuate
a cycle of poverty and ill-health. However, according to (Marshak 2021), malnutrition is mainly
seasonal. Seasonality in malnutrition involves variability in nutritional outcomes correlated with
changes in climatical conditions such as temperature, rainfall, and vegetation affecting food
production systems. Seasonal changes in these variables, mediated through livelihoods and
institutions, can reinforce issues surrounding consistent intakes of healthy and nutritious food, food
security, health, and driving malnutrition (Marshak 2021; Young 2020). Seasonality can be
measured through year-round fluctuations in prices and food availability affecting producers and
consumers, particularly in South Asia and Africa. 

Poor people’s seasonal food accessibility, i.e., year-round food availability and affordability, is a
multifaceted problem with few concrete solutions being deployed at scale. Hence, understanding
factors influencing the agri-food systems to enhance nutritious food supply and shape people's
nutrition and social development is critical for geographically targeted policy interventions and
trade-offs associated with them. According to the WHO 2020, the nutrition needs of low-income
consumers (LICs), especially women and children, in low-and middle-income countries (LMICs)
are often compromised due to poor infrastructure underpinning the agri-food systems (WHO 2020).
Also, even where different types of infrastructure exist, their designs are not always gender-
inclusive, hampering women's and girls’ access to food (Morgan 2020). While gender equality
implies equal rights, responsibilities, and opportunities for women, men, boys, and girls; women
and girls are disproportionately affected by persistent gender inequalities when accessing
infrastructure (United Nations Secretariat and United Nations Entity for Gender Equality and the
Empowerment of Women, 2020). Women and girls are unable to access the basic services to
support their upward social mobility and reduce the gender gap because the most infrastructure in
developing countries is underdeveloped and gender-blind. Consequently, gender-blind
infrastructure fails to consider the different roles, responsibilities, and particular needs of women,
men, girls, and boys in a specific context and how this affects their ability to use or access
infrastructure” (Morgan 2020). Gender inclusivity must guide the design and uptake of future
infrastructure, especially those related to agri-food systems (Mohun 2016; Morgan 2020).

Shively 2017 argues that well-functioning infrastructure such as market centers and roads could
foster gender-inclusive socioeconomic development and mitigate the adverse effects of seasonality
on the availability and price of nutritious food. Shively 2017a found that investments in health,
market infrastructure, agricultural innovations, and transport infrastructure positively correlate with
child nutritional status in developing countries. Additionally, infrastructure is a game-changer for
development and enhances women’s economic opportunities; because when more women get the
chance to work, it makes their families, communities & countries wealthier (Mohun & Biswas,
2016). Hence, well-designed and gender-inclusive investment in infrastructure can support
meeting various SDGs, among which are SDGs 1, 2, 3, 5, 6, 7, and 8 (World 2020). Nonetheless,
to the best of our knowledge, no study has explored the extent of existing evidence and gap on the
impact of infrastructure on Nutritious Diets (ND) and the pathways through which they influence
nutritional outcomes, while also empowering women and promoting gender equality in LMICs. To
address this gap, the International Centre for Evaluation and Development (ICED) is designing an
evidence and gap map (EGM) to review all relevant evidence on links connecting some pertinent
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infrastructure and nutritious diet (ND), women’s economic empowerment (WEE) and gender
equality (GE) for low-income consumers (LICs) in LMICs in sub-Saharan Africa (SSA) and South
Asia.

The intervention
The intervention for this EGM is physicalinfrastructure, which refers to establishing new or
upgrading existing physical infrastructures that are relevant for agriculture, food production,
marketing, and thus local development. While infrastructure can be broadly defined as the basic
physical and organizational structures and facilities (e.g., markets, roads, power supplies, etc.)
needed for a society or enterprise (Oxford 2018; World 2022), this EGM is limited in scope to the
impact of the physical presence of infrastructures, not services provided by them. This EGM will
focus on four types of infrastructure as described in Table 1.

Why it is important to develop the EGM
The lack of well-functioning infrastructure poses a substantial risk to rural livelihoods and threatens
food and nutrition security; depriving millions of LICs of safe, nutritious, and affordable food (WHO
2020). We focus on a set of infrastructure relevant to ensuring sustainable availability and
affordability of nutritious foods while promoting WEE and GE. These are: i.) production (such as
irrigation systems and access to water and mechanization); ii.) post-production (such as market
centers and storage facilities); iii.) distribution (such as transportation- roads, bridges); and iv.)
Information infrastructure (such as masts and radio stations). The choice of the categories is based
on two considerations. First, the focus of the study is on the physical infrastructure mostly used by
LICs whose welfare impacts could be quantified in developing countries, particularly in Sub-
Saharan Africa (SSA). Second, these broad categories of physical infrastructure have been
implemented by government and development organizations in improving welfare in developing
countries to meet the needs of LIC as well as women and girls.

Production infrastructure 
Irrigation systems
Irrigation systems ensure access to water, which is essential to crop farming and all aspects of
people's livelihoods. Irrigation technology facilities have supported increased yields, the rise of
farm incomes, and household food and nutrition security (CGIAR 2013;Ogunniyi 2018).
Similarly, Parvin 2009 indicated that irrigation is one of the leading agricultural inputs that directly
influence food production levels, especially in rural settings. (Yokwe 2009) found a statistically
significant gross margin per hectare between irrigated smallholder crop farmers and non-adopters
of irrigation systems. Irrigation infrastructure increase food availability and potentially reduces
under-nutrition among rural households (Hopea 2008; Pandey 2016). Investments in irrigation
infrastructure enable landless and poor women to engage in agricultural wage labor (Shah 2014).
In addition, irrigation has the potential to improve time-use efficiency, stabilize and increase
income, and boost women’s status in the household and communities (Theis 2019). The adoption
of irrigation systems by smallholder farmers during the dry season has increased their
consumption of vegetables, reducing the risks of chronic food insecurity (Burney 2010). The
installation of irrigation systems could lead to mono-cropping, and this could also hurt
nutrition. Hossain 2005 reported that investments in small-scale irrigation in Bangladesh led to an
increase in rice production, which made the poorest households eat more rice and less of a variety
of foods. Depending on the gender roles in agriculture, which vary from case to case, irrigation
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interventions can also have an impact on the empowerment (or disempowerment) of women.
 Literature indicates that irrigation dispossesses women of their land and often has limited access
to agricultural technology (Domènech 2013). Also, women were overburdened with work on
surface irrigation systems in Zimbabwe and had limited time to care for themselves and their
children (FAO 2000). In Nepal, women used micro-irrigation technologies and spent a lot more
time growing vegetables than men, who only did so for about 12% of the time (Upadhyay 2005).

On-farm energy infrastructure
On-farm energy infrastructure provides a reliable power supply for agricultural production, which is
essential to boosting farm productivity (Candelise 2021). Kebede 2010 showed that access to
energy infrastructure is positively associated with population growth rate, GDP, and expansion of
agricultural productivity (Amuakwa-Mensah 2018; Mohammed 2013). 

Post-production 
Market centers and storage
Well-functioning markets are essential to ensure the year-round availability of fresh and perishable
foods and limit transaction costs (WHO 2020). For instance, in the United Republic of Tanzania,
studies have indicated that markets with poor management and maintenance, inadequate
information systems, and processing technologies, resulted in food losses and higher food prices,
especially for highly perishable food products like fresh milk, fish, meat, and vegetables (Herforth
2020; WHO 2020). Food losses in rural areas have adverse effects in impacting the availability and
marketing of food, and the nutritional levels of consumed food (Zorya 2011). Kowalska
2017 reported that food losses arising from poor storage could be enough to feed almost one-third
of poor people across Africa. In the food supply system, well-functioning market centers with
adequate storage chains are crucial in ensuring a year-round supply of safe and nutritious food
(Gitonga 2013). Berazneva 2013 indicated that storage and processing facilities of agricultural
products tend to reduce post-production losses, thereby increasing the accessibility of nutritious
food in all seasons. Furthermore, women’s participation in economic activities such as the
marketplace enhances their wellbeing, and economic development, and contributes to the
development of their communities and their nation as a whole. The UN Women show about 75% to
90% of all market vendors in the Pacific are women; despite the long hours and poor working
conditions, their earnings contribute significantly to the incomes of their households (UN 2018). 

Off-farm energy infrastructure
Off-farm energy infrastructure provides a reliable power supply for post-production and harvest
activities, which improves the preservation of food products. By doing so, off-farm energy
infrastructures are more likely to improve smallholder farmers' food and nutritional status
(Berazneva 2013). On the other hand, scarcity and volatile energy prices indirectly influence the
nutritional status of LICs, through the availability and intake of healthy food (Al-Maadid 2017). 

1.1.3. Distribution infrastructure 

Advocates of infrastructure expansion in developing countries have relied on the assumption that
access to well-functioning transportation infrastructure such as roads, bridges, etc. could
accelerate job opportunities, market performance, financial stability, and reduction in price volatility
and, therefore, improved welfare(Dillon 2011; Fan 2020; Lei 2019; Shively 2017). In rural settings,
stable access to transportation infrastructure enables farmers to sell various products, mainly
agricultural products, to a larger market more frequently throughout the year at competitive prices
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(Lacroix 2011). They also enable farmers to transport their excess harvested food to areas lacking
food, smoothing food accessibility geographically (Hine 2016). The interconnections of rural
distribution infrastructure determine urban sustainability (Rao 2018). Lipinski 2013 noted that a
well-functioning transportation infrastructure reduces travel expenses and time and waste (i.e.,
post-harvest loss). In India, Fan 2000 found that access to improved road networks increased
farmers’ involvement in small-scale non-agricultural businesses and selling their products outside
their immediate communities. They also showed that enhanced rural road connectivity increased
the number of local markets, small-scale businesses, and vegetable farming plots and hence
encouraged economic growth in Vietnam. Improved rural road infrastructure is also directly
associated with increased employment prospects for rural residents, including women (Kingombe
2011). In short, the agri-food system is more efficient with better road connectivity, reduced
transportation costs, and travel time throughout the year.

1.1.4 Information Infrastructure

Information infrastructure such as masts and radio stations are associated with improving dietary
diversity by increasing the dynamism of agricultural productivity to improve food and nutrition
security (Mwalupaso 2020). Sang 2021 reported that radio programs promoted Irish potato farming
as a contributor to food security in Kenya. Radio, in combination with other ICT tools, for example,
mobile phone use from masts, offers an inclusive, personal, and multi-dimensional platform for
communication for smallholder farmers (Chapota 2014). Communication tool such as radio is the
preferred source of agricultural and nutritional information for each member in rural households
(Ragasa 2022). The use of radio and other informational tools increases the rate of smallholder
farmers’ adoption of improved agriculture technology in Sub-Saharan Africa (Hudson
2017). Mwalupaso 2020 indicated that farm households’ access to information could influence
dietary diversity. Their study concluded that access to information could increase the diversity of
agriculture productivity to increase the food and nutrition levels of households. Information and
communication infrastructure gave rural women access to information and enabled them to break
the isolation of knowledge to make decisions to improve their economic situation (Rimi 2017).
Similarly, information infrastructure increases women’s capacity to participate in, and voice their
concerns in decision-make processes and in making informed choices (Dahal 2013). ICT provides
virtual space and linkages that favor small-scale enterprises, where women’s entrepreneurship is
more frequently found. In a study to understand the roles of Information and Communications
Technologies in Rural Women Farmers’ Empowerment (Rimi 2017), entrepreneurial opportunities
for rural women soared by 85.8%, while incomes of rural women increased by 97.5% in Rivers
State, Nigeria.

Overall, investments in different infrastructure domains have far-reaching benefits for local
communities, especially women and girls. Poor or under-developed physical infrastructure limits
the efficiency of food production and distribution, and market access, even in areas with excess
production (WHO 2020). Efficient, safe, inclusive, affordable, and sustainable infrastructure can
support the transformation of agricultural and industrial output, inter-and intra‐county trade,
regional integration, and even tourism which are vital to national and regional
development(Malhotra 2021; Morgan 2020).

The policy framework 
Infrastructure is broadly defined as the basic physical and organizational structures and facilities
(e.g., markets, roads, power supplies, etc.) needed for a society or enterprise (Oxford 2018; World
2020). The well-functioning of these above-described infrastructures is essential in ensuring that
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rural consumers have access to a nutritious diet. Lack of infrastructure can be detrimental to diets,
women’s economic empowerment, and gender equality in sub-Saharan Africa and South Asia. In
this project context, infrastructure includes:

The establishment of new or the upgrade of existing rural infrastructure relevant to
agriculture, food production, marketing, and thus local development.

The impact of the physical presence of rural infrastructure on development outcomes of
interests. 

Conceptual framework (The Theory of Change) 
The conceptual framework of this EGM explains how the interventions mentioned above are
hypothesized to affect the three outcomes of interest - nutritious diets, women’s economic
empowerment, and gender equality (Figure 1). The framework is developed based on a review of
previous studies relating infrastructure with nutrition and gender outcomes. The framework shows
how different infrastructure typologies can lead to various outputs, intermediate outcomes, and
outcomes, and ultimately, the final impact. For example, investments in information infrastructure
could enhance access to mass media and other communications, which offers dialogue and
knowledge sharing among community members on developmental issues and, those involving
gender issues (Chapota 2014). However, the role of information depends on its reliability and
relevance to the needs of smallholder farmers (Young 2014). Women could gain increased utility
and self-confidence as a result of the regular discussions of issues that are critical to them. This
empowers women, to form a social organization that could give them a voice within the
community. Abubakar 2018 argues that improved communication could contribute to the
empowerment of women by facilitating their freedom of participation in political, social, and
economic activities. Improvement in access to information and increased public discourse could
increase the productive and interpretative skills of women by allowing them to report on issues
affecting their lives and advocate for their rights including nutritional healthy diet choices (Porter
2013). Sang 2021 found out that farmers who listened to information and applied the skills
improved their farming operations and met their food and nutrition security needs. Knowledge
gained from regular education could help increase their income. 

Despite clear evidence that women's empowerment has substantial economic benefits, women in
low-income countries continue to confront a variety of legal, structural, and cultural impediments
that restrict their full involvement in the economy and impede overall economic progress. To obtain
the desired outputs and outcomes, gender norms and impediments must be addressed. For
instance, there should be equal access granted to both men and women on what information is
shared. Women should not be restricted to certain vital information and the infrastructure
established should not be a means of disempowering the women. There should also be
acceptance and adoption by members of the community of the interventions and technologies
introduced by this infrastructure establishment. 

Objectives
This EGM aims to identify, map, and provide an overview of the existing evidence and gaps on the
impact of different types of physical infrastructure on various outcomes of low-income consumers’
nutritious diet, women’s economic empowerment (WEE), and gender equality in low- and middle-
income consumers. The specific objectives of the EGM are:

Identify clusters of evidence that offer opportunities for evidence synthesis. 
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Identify gaps in evidence where new studies, research, and evaluations are needed.

Identify, appraise, and provide short summaries of existing evidence on the impact of
infrastructure on various outcomes of interest for low-income consumers.

Methods
Defining an EGM
Several definitions of an EGM exist in the literature (for example, Snilstveit 2013; Lum 2011; Saran
2018). Following Saran 2018, we define an EGM as “a systematic visual presentation of the
availability of relevant evidence of effects for a particular policy domain.” The evidence is identified
by a search following a pre-specified, published search protocol. Along with the map, the study will
present a descriptive report that summarizes the evidence and gap for use by relevant
stakeholders such as researchers, research commissioners, policymakers, and practitioners
(Saran 2018). We will not synthesize the results as done in systematic reviews (Potter 2010). The
proposed EGM will serve as a platform for a body of evidence on the relationship between
infrastructure, nutritious diets, women’s economic empowerment, and gender equality. The EGM
will be made accessible to its potential users.

Scope of EGM 
We will apply the stipulated procedures and standards described in the Campbell Collaboration
checklist and guidance for EGMs (White 2020; White 2018). The scope of this proposed EGM will
be guided by the population, intervention, comparison, outcomes, and study designs (PICOS
framework). It will cover effectiveness studies that demonstrate the effect/impact of physical
infrastructure on nutritious diets, women’s economic empowerment, and gender equality.
Evaluation and studies examining the effects of infrastructural interventions on the outcomes of
interest using quantitative (i.e., experimental, quasi-experimental, and non-experimental) and
qualitative approaches, as well as systematic reviews and meta-analyses, will be covered in this
EGM. Similar to previous EGMs (e.g., CGIAR, 2021; Moore 2021), this EGM will include studies
published in the year 2000 and beyond, and this should lead to identifying relevant studies for the
EGM. Limiting publication time to the year 2000 and after will focus the search on the current
evidence relevant to the ongoing discourse on infrastructural interventions’ impact on a sustainable
nutritious diet, women’s economic empowerment, and gender equality essential for achieving the
SDGs. 

Population
The population of interest for this EGM is low-income consumers (LICs) living in low- and middle-
income countries (LMICs) across Sub-Saharan Africa (SSA) and South Asia (SA) regions. We
define LICs as “individuals whose financial resources or income results in them being unable to
obtain the goods and services needed for an "adequate" and "socially acceptable" standard of
living” (Darley 1985). We define LMICs as countries with per capita Gross National Income (GNI)
below USD12, 695. This definition encompasses lower-income countries (GNI less than USD1,
046), lower-middle-income countries (GNI ranging from US$1,046 to 4,095 and upper-middle-
income countries (GNI per capita between US$4,096 and US$12,695) (World 2022).
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Intervention 
The intervention for this EGM is physicalinfrastructure, which refers to establishing new or
upgrading existing physical infrastructures that are relevant for agriculture, food production,
marketing, and thus local development. While infrastructure can be broadly defined as the basic
physical and organizational structures and facilities (e.g., markets, roads, power supplies, etc.)
needed for a society or enterprise (Oxford 2018; World 2022), this EGM is limited in scope to the
impact of the physical presence of infrastructures, not services provided by them. This EGM will
focus on four types of infrastructure as described in Table 1.

Comparison
This EGM does not specify a comparison group. However, studies with comparison groups or
designs that estimate impact using data from treated and untreated observations (such as
instrumental variables) will be included. 

Outcomes 
The EGM focuses on three outcomes: nutritious diets, women’s economic empowerment, and
gender equality. The categories and sub-categories are presented in Table 2. 

Study designs
This EGM targets both published and unpublished studies, reports, and reviews that had applied
mixed methods, quantitative and/or qualitative methods with the following study designs:

Effectiveness studies (impact evaluations/experimental studies that used Randomized
Controlled Trials (RCTs)).

Natural experimental (observational) and non-experimental studies.

Modeling studies. 

Process evaluations. 

Summative evaluations.

Qualitative studies.

Analytical frameworks.

Systematic reviews and meta-analysis of eligible studies.

 

How we plan to handle adverse outcomes
Adverse effects of infrastructural intervention reported in the eligible papers will be captured in the
EGM to avoid one-sided summaries of evidence (White 2020). Thus if a paper reports desirable
outcomes as well as undesirable outcomes, we will code and extract the undesirable outcomes too
in the Eppi-reviewer for reporting.  For instance, Farnworth 2021, a study conducted in Kenya,
Malawi, Zambia, and Zimbabwe showed that though the introduction of metal silos for grain
storage reduced post-harvest losses, this also led to switching of ownership of the grain storage
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facility and the associated benefits from women to men. This made women less capable of
bargaining for their rights to use the stored grain for their own needs and the benefit of their
household members.

 

Criteria for including and excluding studies
We will assess the eligibility of the included studies (i.e., published, and unpublished) based on the
population, intervention, outcome, and study design (PICOS) defined for this EGM (White et al.,
2018).

Inclusion criteria
Type of studies
This EGM will include all kinds of studies that applied all kinds of study designs, such as
quantitative, qualitative, or mixed methods. Eligible study designs will consist of studies that
assess infrastructure’s impact on nutritious diets, women’s economic empowerment, and gender
equality and will include, but not be limited to the following: effectiveness studies (impact
evaluations/experimental studies); modeling studies( only if the model was based on primary data
and not hypothetical values) process evaluations; summative evaluations; qualitative assessments;
and analytical frameworks.  Having a wide range of study designs in this EGM will provide the
opportunity (i) to include all potential studies given the paucity of literature on the topic of interest
and (ii) to assess the extent of evidence across a spectrum of study designs.  Eligible qualitative
studies should have a clear description of research methods (such as e.g., exploratory, narrative,
deductive, inductive, ethnographic,  grounded theory approaches) and a detailed description of
data collection techniques (focus group discussion, in-depth interviews, key informants, sample
size). Systematic reviews and meta-analyses of the eligible primary studies will be included in the
EGM. We will consider peer-reviewed papers, pre-prints, reports, and other documents (e.g.,
discussion papers, working papers).

Geographical location
Eligible studies for the EGM must have targeted low-income consumers (LICs) living in low- and
middle-income countries (LMICs) across Sub-Saharan Africa (SSA) and South Asia (SA) regions.
We will also include studies that considered both eligible and ineligible participants (population)
irrespective of whether they reported their data and results separately. These studies will be coded
for the eligible population during the data extraction. Nevertheless, we will enrich the rationale of
the EGM when necessary, with relevant studies conducted in other geographic areas as in CGIAR,
2021. 

Timeframe
This EGM will include studies published/reported in the years 2000 and onwards.

Language 
Studies written in English will be included in the EGM. This is because most of the researchers of
the current study are only English-speaking meaning that considering studies that are not written in
English  will require additional resources for translation (Neimann 2018).
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Exclusion criteria
Studies published in languages other than English and conducted in locations other than LMICs in
SSA and SA will be excluded from this EGM. Furthermore, this EGM will not include studies in
areas other than LICs. Studies conducted in the period before the year 2000 will be excluded.
 Also, studies on infrastructure that are relatively less prevalent in LMIC and less accessible to the
LICs in the LMIC, such as airports and harbors will be excluded from the EGM. Studies that do not
assess the causal linkage of one or more of the infrastructural interventions on a nutritious diet,
women’s economic empowerment, and gender equality as study outcomes will not be included in
the EGM.

Search strategy, screening, and coding
Search Strategy
With the support of an information specialist, we will adopt a search strategy that will identify all
potential published and unpublished studies for this EGM. This will help minimize publication bias.
We will search for potential studies from relevant scientific and academic databases such as the
CAB Abstract, Greenfile Ebsco, and Medline Pubmed for the EGM. Also, we will search for
additional potential papers using OpenAlex in Eppi-reviewer software (Thomas 2010). OpenAlex is
an index of hundreds of millions of interconnected entities across the global research system
(Priem 2022).

We will also search for studies and papers/reports from websites of relevant organizations, such as
the World Bank, International Fund for Agricultural Development (IFAD), United Nations Women,
United Nations Food and Agriculture Organization (FAO), International Food Policy Research
Institute (IFPRI) and the Alliance for a Green Revolution in Africa (AGRA) and IMMANA grant
database (Appendix 1). We will also search the organizational websites and repositories of CGIAR
group, IFAD, IIED, AgriProFocus, Bill and Melinda Gate Foundation (BMGF), Donor Committee for
Enterprise Development, Swiss Agency for Development and Cooperation, Department for
International Development (DFID), Innovation Poverty Action (IPA) and The Abdul Latif Jameel
Poverty Action Lab (J-PAL), USAID Development Experience Clearinghouse and United Nations
Office for Project Services (UNOPS).

 

We will use the backward-track citations approach to check for additional primary studies, reviews,
and meta-analyses that may not be identified in our search but are eligible for our EGM. We will
particularly look out for authors who are most cited in papers in the subject matter field for
additional information on completed or ongoing studies to ensure that we capture all important
evidence in the EGM. We will also look for ongoing and completed studies in trials, as well as
reviews, and EGMs in registries or repositories. Including ongoing studies will provide information
on emerging future studies and hence inform future plans for updating the EGM. However, we will
restrict a timeframe of not more than five years within which a new study was registered as a
decision rule to avoid including uncompleted studies which are long overdue.

We will hand-search the databases such as Agriculture, Nutrition and Health (ANH) Academy for
proceedings of conferences and abstracts. We will glean additional studies in grey literature,
evaluation reports, and academic theses. Existing relevant EGMs conducted by organizations such
as Campbell Collaboration and 3ie will be a valuable resource for potential studies we could



10/18/22, 12:50 PM RevMan Web - The Impact of infrastructure on low income consumers’ nutritious diet, women’s economic empowerment, and g…

https://revman.cochrane.org/#/843522051613544247/dashboard/htmlView/1.2?revertEnabled=false&versionWithProductionChanges=false 12/40

include in our EGM. All the eligible papers will be converted into Research Information System
(RIS) and uploaded into EPPI-Reviewer software (Thomas 2010). We will keep a log of literature
search activities for reporting purposes.

Search terms 
Based on the PICOS framework, we will generate search terms for retrieving published studies or
reports from electronic databases. As indicated earlier, we intend to include studies with any study
designs, including qualitative studies and process evaluation. Hence, the search terms for this
EGM will not be restricted to any study design. Rather, we will use study designs as filters in
displaying the EGM.  Appendix 1 shows the list of organizational websites for grey literature
search. While Appendix 2 shows examples of the search terms we will use to search for the
studies/papers. 

Screening and coding
Before screening the potential studies or papers, all duplicates will be identified and removed using
the EPPI-Reviewer software. To make screening of the papers faster, we will adopt a machine
learning model to aid the ordering of the identified papers by relevance/priority based on the
eligibility criteria for the proposed EGM review. Eligibility screening of published and unpublished
studies or papers for the EGM will involve two stages. First, the studies will be screened for title
and abstract based on the eligibility criteria (inclusion and exclusion criteria) as shown in Figure 2.
Second, a full-text screening will be undertaken for the studies to be included based on title and
abstract screening. All studies will be screened by two reviewers independently. In cases of
discrepancies in the decision to include or exclude a paper for the EGM, the reviewers will discuss
and if they disagree, a third reviewer will conduct the screening independently to resolve the
differences. Then studies that are included in the EGM will be coded and extracted.  We will use
EPPI-Reviewer for coding, data management, and analysis (Thomas 2010). Each study or paper
will be coded in EPPI-Reviewer based on a predefined form and duplicate data extracted for
comparison (refer to Appendix 3: Coding form). 

Data cleaning 
The coded dataset in the EPPI-Reviewer will be cleaned before analysis. We will use univariate
analysis to examine any out-of-range codes. We will investigate the reasons for the outliers and
address them. The team will thoroughly review random samples of the data. All missing papers will
be identified, and if possible, corresponding authors will be contacted for them to ensure that all
relevant literature is included in the EGM (White 2020). 

Data analysis plan
The unit of analysis of the EGM will be a study, meaning that each item entered in the EPPI-
Reviewer will represent a study. A study is defined as an analysis of a unique sample, which may
include multiple time points for the same sample (White 2018). As in other EGMs, when multiple
publications are identified on a single study, for instance, a working paper and a published paper,
we will consider including the most recent open-access publication in the EGM (Malhotra 2021).
Suppose a study reports on multiple interventions or outcomes or study designs. In that case, the
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study will be considered as one entry in the EGM but will be assigned codes for the interventions
or outcomes, or study designs. Similarly, if a single study has multiple interventions with some
being ineligible for our EGM, we will only consider only the interventions relevant for our EGM.

The inclusion of a systematic review will be assessed based on our eligibility criteria. The individual
primary studies covering the systematic review will not be assessed to inform the decision on
inclusion. However, primary studies appearing in a systematic review that qualify for our EGM will
be considered as a unit of analysis and will be counted once. 

Summary statistics such as percentages will be used to describe the distribution and
characteristics of the studies in the EGM. The findings will be presented in graphs, tabulations, and
cross-tabulations of intervention versus outcomes categories, region, and study design in a
narrative report for the EGM. The utility of the EGM and any potential limitations identified will be
discussed. EPPI-Reviewer software will be used to generate descriptive statistics for the technical
report and to create the EGM based on the data uploaded into the EPPI-Reviewer (Thomas
2010). 

Presentation of EGM
Like the EGM on transport by Malhotra 2021, our EGM will consist of a matrix with searchable
filters. The interventions and outcomes are the two main dimensions of an EGM matrix. Through a
consultative engagement with critical stakeholders (Campbell Collaboration and BMGF), we will
define the map framework: the row and heading titles and filters. We anticipate that the matrix will
have interventions as row headings (production, post-production, distribution, and information
infrastructure), subcategories (such as irrigation, power supply, storage, processing, marketing,
and road), against outcomes domains, and the sub-categories on the column headings: nutritious
diets (sub-categories: food and nutrition security, diet quality, socioeconomic and cultural
dimensions of foods), women’s economic empowerment (sub-categories; the five domains of
empowerment (5DE) (subcategories: agricultural production, access and control over productive
resources, income, time allocation, leadership, and gender parity index (GPI); and gender equality
(sub-categories; economic opportunities and outcomes, social outcomes, leadership, agency, and
collective action, and reduced exposure to risk). The matrix cells will contain the studies relevant to
that intervention/outcome combination. The searchable filters will cover interventions, study
design, study status (completed and ongoing), country and region, and location (Malhotra
2021; White 2018). 

 

Critical quality appraisal of studies
Appraising the quality of the primary studies will require the use of a checklist per the study design
employed in each primary research, which is time-consuming. Hence, given the outline tight
deadline for delivering the EGM, we will not appraise the quality of the primary studies. We are not
also appraising the quality of reviews included in the EGM as the number of reviews included in
the EGM is very few. However, we will code and present the study designs employed by the
eligible studies as filters in displaying the EGM (White 2020). 

Pilot Study of EGM 
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Before creating our EGM, we pilot our search strategy, screening, and coding tools for the
proposed EGM. In a pilot study, we will test and develop our search strategy in an iterative
process. We will assess the suitability of the coding form with a small number (20-30) of the eligible
studies for the EGM (Albers 2019; White 2020). The EGM framework, i.e. the row and column
headings for the interventions and outcomes with their sub-categories, search strategy, and the
coding form will be revised, refined, and re-defined based on the findings of the pilot study after
each round of the pilot exercise (White 2020). While we will consider refining the labels of the
categories of interventions, outcomes as well as filters, which we have not previously thought of in
the iterative pilot exercises, we will be cautious not to make our map cumbersome and not user-
friendly (White 2020). We will conduct a trial of the EGM to assess the practicality of EGM
presentation and features as part of the pilot exercise. The trial EGM will be shared with our
stakeholders (development practitioners, academicians, policymakers, Campbell Collaboration,
and BMGF) to seek their feedback on the EGM features such as the searchable filters, and labels
for the row and column headers. We will include the final search strategy and coding forms in our
EGM protocol. The principal investigator (PI) and the same team of researchers dedicated to EGM
development will conduct both the pilot exercise as well as the actual EGM (White 2020). 

Stakeholder engagement
We will consult development practitioners, academicians, and policymakers familiar with the
subject matter of the scope, design, and production of the EGM. We will work closely with the
Campbell Collaboration from the conceptualization, design, and production of the EGM. We will
also consult the BMGF and other similar stakeholders (e.g., MasterCard foundation) for their input
at every stage of the EGM development. We will work with relevant stakeholders to disseminate
the final EGM amongst relevant organizations, institutions, and networks. The EGM will be public
good; it will be published in an open-access journal so that it is accessible to everyone. We
anticipate that the findings of our EGM will inform future decision-making on research and funding
priorities on infrastructure, nutritious diet, women’s economic empowerment, and gender equality. 

Plans to update EGM 
The proposed EGM will be updated every two years when sufficient further studies and resources
become available.

Sources of technical and financial support 
This EGM will be developed in collaboration with Campbell Collaboration. Campbell Collaboration
has a track record of experience in EGM production and capacity building for EGM. Campbell
Collaboration will provide technical backstopping, while the BMGF will give technical input from the
funder’s perspectives and financial support to produce the proposed EGM. 

Acknowledgements
We wish to thank Prof. Howard White for his valuable feedback and guidance on the design of this
EGM. We are thankful to Suchi Malhotra and Ashrita Saran for their dedication and support to the
team throughout the EGM development process. Our appreciation goes to the Associate. Prof.
Hamdiyah Abena Alhassan at the University of Development Studies, Tamale, Ghana, and Dr.
Armah Ralph Nii Armah affiliated with the Institute of Statistical Social and Economic Research, the



10/18/22, 12:50 PM RevMan Web - The Impact of infrastructure on low income consumers’ nutritious diet, women’s economic empowerment, and g…

https://revman.cochrane.org/#/843522051613544247/dashboard/htmlView/1.2?revertEnabled=false&versionWithProductionChanges=false 15/40

University of Ghana for their contribution to the development of the EGM.  We also wish to thank
Campbell Collaboration for their technical support and the training programs offered to our team on
EGM. We are grateful to the BMGF team for their review and invaluable feedback on the scope of
the EGM. The authors are also thankful to the BMGF for providing financial support for this EGM. 

Contributions of authors
Content expertise:

David Sarfo Ameyaw, the CEO/President of ICED, is the PI for the proposed EGM and a
content expert in food security and infrastructural projects in developing countries. He has
over 30 years of experience in leadership and practical experience in international
development, monitoring and evaluation, learning, research, and EGM. 
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agriculture, health, education, and welfare. 

Solomon Zena Walelign, the research director of ICED, is an experienced environmental
and resource economist with expertise in forest sciences. He is also a consultant at the
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developing the proposed EGM. 

All team members are skillful in research methodologies, including literature search, data
collection, and statistical analysis. The team has been trained by Campbell Collaboration and is
therefore capable of carrying out the EGM processes like searching for studies, assessing their
eligibility, critical quality appraisal of studies, and data extraction and coding.

Information retrieval expertise
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Appendices
Appendix 1. List of potential organizational
websites and databases for grey literature
and hand search for EGM
CGIAR research library: IFPRI, Biodiversity, World Agroforestry, and International Livestock
Research Institute, DfID Research for Development Outputs, British Library for Development
Studies (BLDS), FAO AGRIS, IMMANA grant database, The 3ie impact evaluation database,
Innovation Poverty Action (IPA) and The Abdul Latif Jameel Poverty Action Lab (J-PAL), Campbell
Collaboration, Campbell South Asia, Cochrane library for reviews and trials,  The World Bank IEG
evaluations, USAID Development Experience Clearinghouse, Agriculture, Nutrition and Health
(ANH) Academy conference, OECD/DAC Evaluation database, The World Bank Economic Review,
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Google Scholar, Bill and Melinda Gate Foundation (BMGF), International Water Management
Institute (IWMI) World Bank, International Fund for Agricultural Development (IFAD), United
Nations Women, United Nations Food and Agriculture Organization (FAO), International Food
Policy Research Institute (IFPRI) and the Alliance for a Green Revolution in Africa (AGRA),
International Institute for Environment and Development (IIED), AgriProFocus, Donor Committee
for Enterprise Development (DCED), Swiss Agency for Development and Cooperation and United
Nations Office for Project Services (UNOPS),OpenGrey, Networked Digital Library of Theses and
Dissertations (NDLTD) (www.theses.org)/  National Bureau of Economic Research (NBER) and
EBSCO- OpenDissertations 

Appendix 2. Examples of search terms for
searching of studies/papers New Appendix
The following are some of the examples of search terms we will apply in searching for published
studies or reports in the identified academic electronic databases:

Population search terms
LMIC _1
Afghanistan OR angola OR bangladesh OR benin OR dahomey OR “benin republic” OR botswana
OR "burkina faso" OR "burkina fasso" OR "upper volta" OR burundi OR urundi OR Bhutan OR
"cabo verde" OR "cape verde” OR “cameroon OR cameron OR cameroun OR "central african
republic" OR "ubangi shari" OR chad OR tchad OR comoros OR "comoro islands" OR "iles
comores" OR congo OR zaire OR "cote d ivoire" OR "cote divoire" OR "cote d ivoire" OR "ivory
coast" OR djibouti OR "french somaliland" OR “Equatorial Guinea” OR eritrea OR ethiopia OR
Eswatini OR gabon OR "gabonese republic" OR gambia OR ghana OR "gold coast" OR guinea
OR india OR iran OR kenya OR lesotho OR basutoland OR liberia OR madagascar OR "malagasy
republic" OR malawi OR nyasaland OR mali OR maldives OR mauritania OR maritius OR
mozambique OR namibia OR nepal OR niger OR nigeria OR rwanda OR ruanda OR (“sao tome
and principe”) OR senegal OR Seychelles OR “Sierra Leone” OR somalia OR "south africa" OR
"south sudan" OR "sri lanka" OR pakistan OR tanzania OR tanganyika OR togo OR "togolese
republic" OR uganda OR zambia OR zimbabwe OR "northern rhodesia" OR "global south" OR
"africa south of the sahara" OR "sub-saharan africa" OR "subsaharan africa" OR "africa, central"
OR "central africa" OR "africa" OR sahara OR "africa, southern" OR "southern africa" OR "africa,
eastern" OR "east africa" OR "eastern africa" OR "africa, western" OR "west africa" OR "western
africa" OR "asia" OR "asia, southern" OR "southern asia" OR "south asia"

LMIC _2
 "developing country" OR "developing countries" OR "developing nation*" OR "developing
population*" OR "developing world" OR "less developed countr*" OR "less developed nation*" OR
"less developed population*" OR "less developed world" OR "under developed nation*" OR "under
developed population*" OR "under developed world" OR "underdeveloped countr*" OR
"underdeveloped nation*" OR "underdeveloped population*" OR "underdeveloped world" OR
"middle income countr*" OR "middle income nation*" OR "middle income population*" OR "low
income countr*" OR "low income nation*" OR "low income population*" OR "lower income countr*"
OR "low-income countries" OR "middle income countries" OR "lower income nation*" OR "lower
income population*" OR “developing countries” OR “developing nation” OR “underdeveloped

http://www.theses.org%29/
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nation” OR “third world countries” OR “emerging economies” OR "poor countr*" OR "poor nation*"
OR "poor population*" OR "poor world" OR "poorer countr*" OR "poorer nation*" OR "poorer
population*" OR "poorer world" OR "developing econom*"

LIC
“low-income consumer” OR “low-income consumers” OR “low income consumer” OR "low-income
consume*" OR "low income consume*" OR "food poor*" OR "below poverty line" OR
"disadvantaged people" OR "low income people" OR "vulnerable people" OR OR "low income
population" OR "vulnerable population" OR "underprivileged population" OR ""smallholder farmer*"
OR "low stakeholder*" OR "low spending people" OR "low bargaining power" OR "slum" OR "rural
areas" OR "remote areas" OR "isolated" OR "disempowered..." OR "subsistence" OR “low-income
consumers” OR “low income” OR “low pay” OR “poverty” 

Intervention search terms
Infrastructure
“Agricultural infrastructure” OR “agriculture infrastructure” OR agriculture OR agricult* OR
infrastructure OR infrastruct* OR “agricultural technolog*” OR “agricultural facilities” OR
“agricultural facility” OR “facility “or “Productive Infrastructure” OR “Rural Infrastructure” OR “Large
Infrastructure”

Production 
"irrigation system*" OR irrigation OR "water well*" OR "green infrastructure*" OR "garden*
infrastructure*" OR "Electri* infrastructure" OR “power supply” OR "energy supply" OR solar OR
“solar energy” OR “solar power” OR “solar power irrigation” OR “solar energy irrigation” OR “green
infrastructures” OR “green revolution infrastructures” OR "agricultural mechanization" OR
“agricultural machiner*” OR "pastoral* infrastructure" OR "agropastoral infrastructure" OR "agro-
pastoral infrastructure" OR "ejido" OR "silvopastoral infrastructure" OR "farm infrastructure*" OR
"producer*" OR "grower*" OR "agronomy infrastructure" OR "husbandry infrastructure" OR
"aquacultur* infrastructure" OR "floricultur* infrastructure" OR "horticultur* infrastructure" OR
"cultivat* infrastructure" OR "dairy infrastructure" OR "livestock infrastructure" OR "crop*
infrastructure"

Post Production
"Food Handling" OR "Food Storage" OR "Food Quality" OR "storage facilit*" OR storage OR
storehouse OR store OR Warehouse* OR sheds OR “cold rooms” OR coldroom OR "processing
facilities" OR process* OR processing OR mill OR “grain mills” OR market OR space* OR “market
place” OR “market stalls” OR booth OR “market lockups” OR toilets OR lavatory OR bathroom OR
sanitation OR hygiene OR “sanitary facilities” OR “market sanitation” OR market place toilet” OR
"market* toilets" OR slaughterhouse* OR abattoir OR butcher* OR “landing site*” OR "fishing sites"
OR livestock OR “vaccination parks” OR vaccination OR "animal vaccination park"

Distribution
"road*" OR "bridge*" OR "railway*" OR "transportation" OR transport* OR "transportation
infrastructure*" OR “emergency transportation" OR "sustainable transportation" OR "rural road*"
OR "distribution infrastructure"
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Information
‘’information’’ OR ‘’information centers’’ OR telecommunication OR “telecommunication masts” OR
mast OR "information cent*" OR "telecommunication masts" OR "information infrastructure" OR
"telecommunication infrastructure*”

Outcomes
Nutritious diets
“nutritious diets’ OR “healthy food” OR "Healthy diets" OR "healthy meal*" OR “Diet quality” OR
“diet adequacy” OR “dietary diversity” OR “nutrition security” OR "food availability" OR "food
affordability index" OR "food accessibility" OR OR "food agency" OR "nutrit* food diet" OR diet OR
food OR "meal*" OR “Per capita dietary energy supply” OR DES OR “Food Insecurity Experience
Scale” OR FIES OR “Household Food Insecurity Access Scale” OR HFIAS OR “Minimum
Acceptable Diet” OR MAD OR “Minimum Dietary Diversity” OR MDD OR “Minimum Dietary
Diversity for Women” OR MDD-W OR “Mean adequacy ratio” OR MAR OR "food price" OR "food
price index" OR "fresh food" OR "fresh food retail volume" OR "market level food diversity score"
OR "food price volatility" OR “income variation in food access” OR “Weather seasonality indexes in
agriculture” OR “Women empowerment in nutrition index” OR “WENI”

Women’s economic empowerment 
“Women economic empowerment” OR “Women empowerment” OR “The Five Domains of
Empowerment” OR “5DE” OR “agricultural production” OR “Input in production decisions” OR
“autonomy in production” OR “access and control over productive resources” OR “control over
productive resources” OR “ productive resources access” OR “assets ownership” OR “ownership
of assets” OR “purchase of assets” OR “sale of assets” OR “transfer of assets” OR “access to
credit” OR “decisions about credit” OR "time use" OR “time allocation” OR “leisure” OR “workload”
OR "resource allocation" OR "women choices" OR "WEAI" OR "WENI" OR "WELI" OR "A-WEAI"
OR "Pro- WEAI" OR "women voices" OR "wages" OR "income" OR "women leadership"

Gender equality 
"Gender Equity" OR “gender equality” OR “gender equalit*” OR "gender equal* "OR "gender parity
index" OR "gender inequality" OR "gender inequity" OR "gender disparity" OR " gender norm" OR
"gendered institution" OR "gender mainstreaming" OR "gender" OR “women” OR "men" OR “boys"
OR gender stereo*" OR "gender norm*" OR "gender role*" OR "gender equit*" OR "gender inequit*
OR "gender inequal*” OR “cultural and gender norms”

Study Design
“Impact Evaluation” or “summative Evaluations” or ‘Final Evaluation” OR “Process
Evaluation’ or “Retrospective Evaluation” OR, Thematic Evaluations; or report or descriptive
or explanatory or narrative

OR “Systematic Reviews” or “Meta-Evaluations” or “Meta Analysis” or “Modelling studies”
OR “Literature Reviews”

(random* or experiment* or (match* adj2 (propensity or coarsened or covariate)) or
"propensity score" or ("difference in difference*" or "difference-in-difference*" or "differences
in difference*" or "differences-in-difference*" or "double difference*") or ("quasi-experimental"
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or "quasi experimental" or "quasi-experiment" or "quasi experiment") or ((estimator or
counterfactual) and evaluation*) or "instrumental variable*" or (IV adj2 (estimation or
approach)) or regression discontinuity or time series or segment* regression).

OR heckmann; “quantitativ* synthes*” OR "mixed method*" OR “mixed‐method*” OR
“quantitativ* synthes*” OR "mixed method*" OR “mixed‐method*” OR “quantitativ* synthes*”
OR "mixedmethod*" OR “mixed‐method*” OR “qualitative method*”

"meta regression" OR "meta synth*" OR "meta‐synth*" OR "metaanaly*" OR metaanaly* OR
meta‐analy* OR metanaly* OR "metaregres-sion" OR meta‐regression OR "methodologic*
overview" OR "pool* ana-lys*" OR "pool* data" OR "quantitative* overview" OR
"researchintegration" OR "meta regression" OR "meta synth*" OR "meta‐synth*" OR "meta
analy*" OR metaanaly* OR meta‐analy* OR metanaly* OR "metaregression" OR meta‐
regression OR "methodologic* overview" OR "pool* analys*" OR "pool* data" OR
"quantitative* overview" OR "re-search integration" OR "meta regression" OR "meta synth*"
OR "meta‐synth*" OR "meta analy*" OR metaanaly* OR meta‐analy* OR me-tanaly* OR
"metaregression" OR meta‐regression OR "methodologic*overview" OR "pool* analys*" OR
"pool* data" OR "quantitative* over-view"

Appendix 3. Coding form
Parent code  Child code Grandchild code

Population 

Central Africa
Angola, Burundi, The Central African Republic

Chad, Democratic Republic of Congo, Congo, Rwanda

Eastern Africa Comoros, Eritrea, Ethiopia, Kenya, Madagascar, Somalia, South Sudan, Sudan, Tanzania, Uganda

Southern Africa Comoros, Eritrea, Ethiopia, Kenya, Madagascar, Somalia, SouthSudan, Sudan, Tanzania, Uganda

Western Africa Benin, Burkina Faso, Cape Verde, Cameroon, Côte d'Ivoire, Equatorial Guinea, Gabon, The Gambia, Ghana, Guinea, Guinea-Bissau,
Liberia, Mali, Mauritania, Niger, Nigeria, Sao Tome and Principe, Senegal, Sierra Leone, Togo

South Asia Afghanistan, Bangladesh, Bhutan, Iran, India, Pakistan, Sri Lanka, Maldives

Interventions

Production Irrigation systems and water wells; Gardens and other green infrastructure; Mechanization and Machinery; Energy and power supply
(solar, wind, water); other agricultural and farm 

Post-production
Storage (warehouses and sheds); cold room; processing (grain mills); market spaces, stalls and lockups; sanitary facilities (toilets);
slaughterhouses; landing sites

livestock vaccination parks

Distribution Roads, Railways, Bridges

Information Information centres, Telecommunication masts, radio stations

Outcomes

Nutritious diets
Food availability: farm level, food Availability: market level food, food accessibility: affordability, food accessibility: presence of food
market, food consumption, diet quality: individual dietary diversity, diet quality: household dietary diversity, sociocultural dimensions of
foods 

Women's economic
empowerment

Agricultural production, access and control over productive resources, income, time, leadership, Gender Parity Index (GPI) 

Gender equality Economic opportunities and outcomes; social outcomes; leadership, agency and collective action, reduced exposure to risk

Study design Primary studies  Experiment, quasi-experiment (including natural experiment), non -experimental, qualitative studies 

Reviews  Systematic reviews, meta-analysis, other reviews 

Types of
evaluation

Impact evaluation, formative
evaluation, process
evaluation

Bibliographic
information 

Publication status  Published , completed and unpublished , ongoing

Publication type Peer review articles, preprint-peer review article, policy brief, report, working paper, conference paper, book chapter 

Date of publication 2000-2022
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[Enter text here]

Appendix 4. Definitions of some of sub-
categories of infrastructure considered in the
EGM

Infrastructures Platform

Irrigation systems 

Irrigation system is an arrangement by which water is conveyed from a source to an area needing water to facilitate the production of desired crops (Kelly 1983). 

Irrigation is the process to apply water to the soil to improve the crop growing, maintain landscapes and revegetate degraded soils in dry regions and periods of
insufficient rainfall (Jimenez 2020).

Irrigation is the process of application of water to a land or soil. It is used for enhancing the growth of agricultural crops, maintaining landscapes, and revegetation
of degraded soils in dry areas and periods of inadequate rainfall (Gavali 2016). 

Wells and water
wells 

A well is a hole drilled into the ground to access water from an aquifer. A pipe and a pump are used to pull water out of the ground, and a screen filters out
unwanted particles that could clog the pipe (Groundwater 2022).  

Green
infrastructures and
Gardens 

Green infrastructure is an emerging planning and design concept that is principally structured by a hybrid hydrological/drainage network, complementing, and
linking relict green areas with built infrastructure that provides ecological functions (Ahern 2007; Wright 2011) 

Mechanization and
machinery

Farm Mechanization defined: Agricultural mechanization embraces the use of tools, implements and machines for agricultural land development, crop production,
harvesting, preparation for storage, storage, and on-farm processing (Amare 2016). 

Mechanization as the application of suitable machines, recognition of technologies and applying suitable methods for production, processing of agricultural
products, continuous increase of productivity as the result of the reducing the cost of production, reduction of the losses and increase of efficiency and increase of
income (Bagheri 2009).

Power supply
(energy)

Indirect energy refers to the energy used to produce agricultural inputs. These inputs account for energy use that can be assigned to the agricultural sector but is
used prior to reaching farms, including energy used in the production of fertilizers (raw materials, manufacturing, transport), production of pesticides (raw
materials, manufacturing, transport), and production, storage, and transportation of seeding materials, among others 

Direct energy refers to all energy inputs used directly in the agricultural production process; activities occurring on-farm and up to the farm gate (Paris 2022).

Storage and
warehouses
(sheds, cold
rooms, pack
houses) 

Storage is an important marketing function, which involves holding and preserving goods from the time they are produced until they are needed for consumption.
The storage of goods, therefore, from the time of production to the time of consumption, ensures a continuous flow of goods in the market. It protects the quality of
perishable and semi-perishable products from deterioration; helps in the stabilization of prices by adjusting demand and supply. Storage also provides
employment and income through price advantages (Agritech 2007, n.d.).

Processing (grain
mills)

Milling is the process of cleaning, tempering, and grinding cereal grains into flour and other milled grain products. Ground grain was one of civilization’s first foods
(NAMA 2021).

Market stalls
(spaces, lockups)

A market stall is a booth or stand where individuals or small businesses sell goods. These can range from artisan produce to food, antiques, clothes and much
more. Markets can be in the form of a permanent fixture, as well as open-air markets, farmers markets, street markets and even car-boot sales (Square 2022,
n.d.). 

Others
(Slaughterhouses,
landing sites,
livestock
vaccination parks)

A slaughterhouse or abattoir or meat works is a facility where animals are killed for consumption as food products. Slaughterhouses which process meat not
intended for human consumption are sometimes referred to as Knacker's yards or Knackeries (Definitions 2022, n.d.). 

Fish landing centers or sites are associated with small-scale marine and inland fisheries. They provide a location for first point of sale for products and provide a
place where fishers can leave their boats and obtain supplies such as food, fuel and ice. The facilities, services and access to market vary (Ward 2022, n.d.). 

The vaccination of big animals such as cattle is carried out in vaccination parks set up by pastoralists, which allow to immobilize the animals so that the veterinary
auxiliaries can carry out the vaccination. For small ruminants (sheep and goats), veterinary auxiliaries go from village to village to carry out the vaccinations
(Tomarchio 2017).

Roads

Road infrastructure is understood to include all physical assets within the road reserve, including not only the road itself, but all associated furniture (signage etc),
and all earthworks, drainage, structures (culverts, bridges, buildings etc) 

Types of road: Murrum roads, gravel roads, earthen roads, kankar roads, bitumious road, concrete road

(Australian 1992; Bhushan 2017).

Railways

Railroad infrastructure includes all the structures, buildings, land, and equipment to support rail lines. Railway infrastructure isn’t just limited to tracks; it includes all
the structures, buildings, land, and equipment to support the rail lines. That support includes management, passenger, freight transport, and maintenance
(Constructor 2021). 

Types of railways: surface railways, elevated railways, underground railways (Ferrovial 2022, n.d.).

Bridges A bridge is to allow people or cargo easy passage over an obstacle by providing a route that would otherwise be uneven or impossible (Law 2022, n.d.). 
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Information centers Information center is a public space where community members have shared public access to ICT and use it to implement social development programs, support
the social and personal development of the individuals, communities and contribute to improving the quality of life of community people(Heeks 2002).

Radio stations

The radio station subsystem (RSS) is the physical equipment that provides coverage to prescribed geographical areas, known as cells. It contains
equipment required to communicate with the user equipment. Functionally, an RSS consists of a control function performed by the base station
controller (BSC) and a transmitting/receiving function carried out by the base station transceiver (BTS) system. The BTS is the radio
transmission/receiving equipment and covers a cell. An RSS can serve several cells and can have multiple base station transceivers (Garg 2010).

Telecommunication
masts to facilitate
and enhance
communication

A telecommunication mast is a freestanding structure which supports antennas at a height where they can transmit and receive radio waves (Bello 2010).
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Categories, sub-categories, and intervention examples
(infrastructure)
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Categories of
infrastructures 

Definition Sub-category /examples

Production
infrastructure

Facilities that are used in agricultural production or any other facilities that are in place to enhance
agricultural productivity.

Irrigation systems, water wells, green infrastructure (gardens),

mechanization and machinery, 

power supply (energy)

Post-production
infrastructure Facilities that are used for storing, processing, and marketing products as well as facilities that are

used to ensure the supply of healthy foods in safe environments.

-Storage (warehouses and sheds, cold rooms, pack houses)

-Processing (grain mills) 

-Market place (spaces, stalls, and lockups, provided with
sanitary facilities (toilets) and childcare centers)

- Others (Slaughterhouses, landing sites, livestock vaccination
parks)

Distribution
infrastructure 

Facilities that are used for transporting inputs and products to ensure that LICs, including farmers,
have access to markets and increased access to nutritious and diversified foods.

-Roads, 

-Railways, 

-Bridges 

Information
infrastructure

Facilities used to support the dissemination of information on good agricultural practices, nutritional
knowledge, child feeding practices, weather information, markets, and credit, etc.

Information centres, radio stations, provision of
telecommunication masts to facilitate and enhance
communication

See appendix 1 for definitions of some of sub-categories of infrastructure considered in the EGM

Table 2

Definition of Outcomes
Outcome
Domains

Sub-Outcomes Indicators

Nutritious
diets 

Food availability: farm
level

quantity of food produced per area (kg/hectare)

Food Availability: market
level food Availability of nutritious foods (fruits, vegetables, dairy, eggs, meat, fish, legumes, nuts) (e.g.specific metrics could be market volumes sold or

transported or aggregated, number of market stands selling these items, etc.), Market Level Dietary Score (MLDS): Number of foods or food
groups available in local markets at a given point in time

Food accessibility:
affordability

-The volatility of food prices

-Income variation in food access

-Market Level Dietary Score (MLDS): Number of foods or food groups available in local markets at a given point in time.

-Weather seasonality indexes in agriculture

-Women empowerment in nutrition index (WENI)

Food accessibility:
consumption and
experiences

Per capita dietary energy supply (DES)kcal/per capita/day, Food Consumption Score (FCS), Food Groups Consumed, food variety score,
Food Insecurity Experience Scale (FIES), HOusehold Food Insecurity Access Scale (HFIAS), Household Hunger Scale (HHS)

Diet quality  (nutrient
adequacy) individual
dietary diversity

Individual dietary diversity scores (DDS), Minimum Acceptable Diet (MAD) for infant/child (6 to 23 months), Minimum Dietary Diversity (MDD)
for infant/child (6 to 23 months), Minimum Dietary Diversity for Women between 15-49 years (MDD-W), Mean adequacy ratio (MAR):
measures an individual’s intake of the nutrient

Diet quality  (nutrient
adequacy) household
dietary diversity

Household dietary diversity scores (HDDS)

Socioeconomic and
cultural dimensions of
foods

Women empowerment in nutrition index (WENI), food preferences

Women’s
Economic
Empowerment

Agricultural production Input in production decisions, autonomy in production

Access and control over
productive resources 

Ownership of assets; purchase, sale, or transfer of assets: access to, and decisions on credit 

Income Control over the use of income

Time allocation -Workload, Leisure

Leadership Group Member, Speaking in Public

1

1

1

1
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Women Empowerment
in Agriculture

Women Empowerment in Agriculture Index (WEAI)

Gender Parity Index
(GPI)

Women’s achievements in the 5 domains (5DE) , relative to the men in their households

Gender
Equality

Economic Opportunities
and Outcomes

Women and men have equal opportunities in agricultural production systems, value chains, markets, resources (GAGP)  and
entrepreneurship

Social outcomes
Discriminatory and unequal social, cultural and gender norms change to enable women and men to participate equally in household and
community institutions

Leadership, Agency,
and Collective Action -Women’s agency, leadership, and decision-making are recognized and affirmed in the household and community

-Women can engage in collective action to protect their interests

Reduced Exposure to
Risk

-Gender-based violence (Cf. Pro-WEAI+MI)- legislation and institutions exist to protect against GBV, and women are empowered to take
action, leading to low and reduced rates of GBV  

Dietary diversity represents qualitative measures of individual or household food consumption that reflect
access to a variety of food groups and is used as a proxy for nutrient adequacy of the diet of individuals
(INDDEX 2018; INDDEX 2015; Kennedy 2010). We usually count 9 food groups listed as follows: (1)
cereals, (2) starchy roots, (3) legumes, (4) vegetables and fruits, (5) sugars, preserves, and syrups, (6)
meat, fish, and eggs, (7) milk and milk products, (8) fats and oils, and (9) beverages.

This is measured using the Women’s Empowerment in Agriculture Index (WEAI) (Alkire 2013). WEAI is
an aggregate index and is composed of two sub-indexes- the five domains of empowerment (5DE), and
the gender parity index (GPI). 5 Domains of empowerment (5DE), specified in the sub-outcomes(Alkire
2013).  The overall WEAI is a weighted average of 5DE and GPI, with weights of 0.9 and 0.1 respectively
(Malapit 2015).

The GPI measures women’s achievements in the 5 domains compared to the men in their households. All
these indexes have values ranging from 0 to 1, where higher values reflect greater empowerment.
Households are classified as having gender parity if either the woman is empowered (her empowerment
score is 80% or higher), or her score is greater than or equal to the empowerment score of the male
decision-maker in her household. It is only calculated for dual-headed households. 

The 5DE is constructed from individual level empowerment scores which reflect each person’s
achievements in the 5 sub-outcomes (see Table 2) and measured by the 10 indicators with their
corresponding weights. Each indicator measures whether an individual has surpassed a given threshold, or
has adequate achievement, with respect to each indicator.

As in Malapit 2015(op cit.), note, gender parity is not equal to gender equality. 

Gender Assets Gap Project. Cf. (Deere 2013). 

According to Nationen 2015, unsafe market spaces, transport, and public spaces expose women workers
and traders to violence and limit their economic opportunities

3
4 5

6,

7

1

2 

3

4

5

6

7
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Figure 1

Theory of Change showing pathways for infrastructural interventions impact on ND, WEE, and
GE.
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Figure 2

Flowchart for screening published and unpublished studies/papers for eligibility for the EGM 
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