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Abstract 

Despite recent global progress in reducing child mortality, child growth faltering remains 

widespread. Child stunting—defined as a child’s height-for-age z-score that is more than two 

standard deviations below a healthy population’s median—affects more than 150 million children 

under five years old worldwide, and many millions more fail to achieve their full linear growth 

potential. Nearly 50 million children under five suffer from wasting, or being too thin for their 

height. Undernutrition in early childhood is associated with long-term consequences for cognitive 

development, economic earnings, increased morbidity and mortality from infections, a higher risk of 

chronic disease later in life, and adverse birth outcomes for women. To address the widespread 

burden of child undernutrition, it is unlikely that nutrition-specific interventions will be sufficient. 

Thus, effective nutrition-sensitive interventions—which address the underlying determinants of fetal 

and child nutrition and development—are urgently needed.  

In three manuscripts, this dissertation explores the role of agricultural interventions and 

caregiver perceptions in child nutrition and growth in rural Ethiopia—a context where more than 

40% of children are stunted and 7% are wasted. Paper 1 analyzes primary and intermediary 

outcomes pertaining to child nutrition, health, and water, sanitation, and hygiene (WASH) from a 

cluster-randomized trial promoting chicken production as a nutrition-sensitive agricultural approach, 

showing benefits of the intervention for anthropometry, diets, health, production, and women’s 

empowerment. Paper 2 uses quantitative household survey data, direct observations, and qualitative 

in-depth interviews to understand how chicken production influences the WASH environment for 

households. The results highlight the high degree and multiple sources of contamination from 

animals to which young children are exposed in this context, and provide insight into the woman 
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caregivers’ beliefs and barriers related to chicken management practices. Lastly, Paper 3 

quantitatively analyzes woman caregivers’ perceptions of their child’s linear growth using household 

survey data, finding that caregivers systematically overestimate their child’s height-for-age relative to 

other children in the village. Together, these three papers provide evidence of effective approaches 

for nutrition-sensitive agriculture and WASH, and contribute to knowledge about woman caregivers’ 

roles and beliefs related to child undernutrition in rural Ethiopia. We hope that the findings 

presented in this dissertation not only contribute to the evidence base for Ethiopia, but that they 

also provide instructive case studies for other low- and middle-income countries aiming to improve 

child nutrition.    
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Dissertation Introduction 

Motivation and Background 

Despite falling rates of child mortality globally, undernutrition remains pervasive. The 

collective burden of fetal growth restriction, suboptimal breastfeeding practices, stunting, wasting, 

vitamin A deficiency, and zinc deficiency is responsible for approximately 45% of all child deaths 

(Black et al., 2013). Child stunting—being too short for one’s age—affects more than 150 million 

children under five worldwide, and wasting—being too thin for one’s height—affects 47 million 

children (UNICEF/WHO/World Bank, 2019). Child undernutrition is associated with long-term 

consequences for cognitive development, economic earnings, increased morbidity and mortality 

from infections, a higher risk of chronic disease later in life, and adverse birth outcomes for women 

(Özaltin, Hill and Subramanian, 2010; Dewey and Begum, 2011; Black et al., 2013; Olofin et al., 2013; 

de Onis and Branca, 2016).  

The etiology of child growth faltering is multifactorial and contextually dependent. It is a 

process that is influenced by both proximal biological factors, including breastfeeding, nutrient 

adequacy, and infectious diseases, as well as more distal socioeconomic factors, like food security, 

poverty, and access to health services (Black et al., 2013). In low- and middle-income countries, 

research has shown that deficits in child weight and length begin in utero and continue to falter until 

approximately 24 months (Victora et al., 2010). These patterns stress the need target the window of 

opportunity in pre-pregnancy, pregnancy, and early childhood with interventions to reduce low birth 

weight and improve child feeding practices (Victora et al., 2010).  
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The burden of child linear growth faltering falls disproportionally on low- and middle-

income countries. Approximately 91 million children who are stunted live in Asia, and 58 million in 

Africa (UNICEF/WHO/World Bank, 2019). While Asia has made substantial progress in reducing 

levels of stunting, Africa is the only continent that has experienced an increase in the number of 

children who are stunted since the year 2000 (Rocha, Constante Jaime and Ferreira Rea, 2016). 

Although the prevalence of child stunting under age five in Africa has decreased from 38% to 30% 

since the year 2000, the number of stunted children has risen from 50 million to more than 58 

million (WHO, 2017; The Global Nutrition Report, 2018).  

To address the pervasive problem of child undernutrition in Ethiopia and around the world, 

nutrition-specific interventions (like micronutrient supplementation, treatment of severe acute 

malnutrition, and breastfeeding promotion) are critical—but current intervention strategies are 

inadequate. In fact, it is estimated that even the ten most effective interventions, if scaled up to 90 

percent coverage in the countries with 90 percent of the burden, would only reduce the prevalence 

of stunting by approximately 20 percent (Bhutta et al., 2013). To address the remaining 80 percent of 

cases, more evidence is needed on effective and complementary nutrition-sensitive interventions, 

including improvements in water, sanitation, and hygiene (WASH), agriculture, women’s 

empowerment, social welfare, and education (Ruel and Alderman, 2013; Carletto et al., 2015). 

Ethiopia, the country of focus for this dissertation, provides an informative case for 

examining both the determinants of child undernutrition, as well as programs and policies that have 

been successful. While the country has experienced a rapid decline in the rate of child stunting—

from 57% in 2000 to 38% currently (UNICEF/WHO/World Bank, 2019)— the prevalence of 

growth faltering, anemia, and wasting remain high. Children’s diets are particularly poor, with less 

than 5% of children 6-23 months of age consuming a minimum acceptable diet (WHO, 2017). 

Nonetheless, due to its rapid decline in child stunting and the government’s commitment to 
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nutrition, Ethiopia is often touted as a nutrition success story (The Global Nutrition Report, 2018). 

Since 2008, the government shifted from a nutrition policy mainly implemented by the health sector, 

to a multi-sectoral nutrition-sensitive model integrating across health extension, social protection 

(through the Productive Safety Net Programme), agriculture, and WASH (water, sanitation, and 

hygiene) (Fan, Yosef and Pandya-Lorch, 2019). The second phase of its National Nutrition Policy 

(NNP II, 2016-2020) expanded this scope to include overweight and an emphasis on adolescent girls 

(Fan, Yosef and Pandya-Lorch, 2019). This coordinated approach was outlined in the National Food 

and Nutrition Policy released in March of 2019 (Yadene, 2019), and has been matched by an 

increase in government and donor funding from $181 million in 2013/14 to $455 million in 

2015/16 (The Global Nutrition Report, 2018). Thus, Ethiopia provides a unique example for 

assessing both the drivers of its sustained high prevalence of undernutrition, as well as the factors 

associated with its recent successful reduction.   

Specific Aims of Dissertation 

In three manuscripts, this dissertation explores the role of agricultural interventions and 

caregiver perceptions in child nutrition and growth in rural Ethiopia. The first paper uses data from 

a cluster-randomized nutrition-sensitive agricultural intervention to assess the impact of the 

intervention on child undernutrition outcomes quantitatively. Based on the same project, the second 

paper uses a mixed-methods approach in order to examine the linkages between the intervention 

and WASH. Finally, the third paper uses baseline data from a separate nutrition-sensitive agricultural 

intervention from rural Ethiopia to analyze woman caregivers’ perceptions of their child’s height in 

order to understand how linear growth is perceived in communities. 

The titles and specific aims of the three papers are as follows:  

Paper 1: A cluster-randomized chicken production intervention in Ethiopia improves child linear growth 
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Aim 1: To evaluate the effects of livestock and livestock-related environmental contamination on 
the nutrition and health of young children.  

• Aim 1.1: Quantify the overall effect of chicken production on child nutrition and health 

outcomes 

• Aim 1.2: Examine the effect of a chicken production intervention on the water, sanitation, 

and hygiene environment surrounding households 

• Aim 1.3: Examine the relationship between the exposure of young children (ages 0-35 

months at baseline) to contamination from chickens with child nutrition and health 

outcomes 

 
Paper 2: The Role of Animal Husbandry Practices in Children’s Exposure to Contamination:  
A Mixed Methods Analysis 
 
Aim 2: To describe and understand the current chicken management practices used by households 
in rural Ethiopia, and how these practices influence exposure to contamination. 

• Aim 2.1: Describe the current chicken management practices used by households, and their 

associations with exposure to contamination. 

• Aim 2.2: Describe the interactions between children, caregivers, and animals that may lead to 

contamination under current practices. 

• Aim 2.3: Investigate the values and beliefs underlying the adoption of different chicken 

management practices by households. 

 
Paper 3: Quantitative Assessment of Caregivers’ Perceptions of their Child’s Growth in Rural Ethiopia 

Aim 3: To quantitatively assess woman caregivers’ perceptions of their child’s growth relative to 
local and healthy populations in rural Ethiopia, and understand the factors driving these perceptions.  

• Aim 1.1: Quantitatively assess caregivers’ perceptions of their child’s height-for-age 

• Aim 3.2: Investigate whether there is a discrepancy between children’s actual height-for-age 

and caregivers’ perceptions of their child’s height-for-age; and 
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• Aim 3.3: Understand the factors that influence overestimation of a child’s height-for-age, 

including the role of the average height in the community. 

Results 

Paper 1 

We found that a chicken production intervention was associated with increases in children’s 

height-for-age z-scores by 0.25 (95% CI: 0.02 – 0.47, p-value=0.039) compared to the control group 

at the study’s endline (18-month follow-up). There was evidence of improvement in children’s 

weight-for-age z-scores in the intervention group compared to the control group, although this 

difference was not statistically significant (mean difference 0.17; 95% CI: -0.02, 0.36, p-value=0.077). 

The intervention also increased the number of improved chickens owned, income from chickens, 

and egg production at midline (9-month follow-up) and endline, as well as women’s decision-making 

over chicken production, child dietary diversity, and egg consumption at midline (p-values <0.05). 

Households in the intervention group were more likely adopt improved chicken management 

practices, including the use of enclosed and separated coops. No negative effects of the intervention 

were found on anemia, diarrhea, fever, or vomiting. Overall, household chicken production may 

benefit child nutrition in rural Ethiopia, and in the context of appropriate animal husbandry, does 

not adversely affect morbidity.  

Paper 2 

In this mixed-methods analysis, we analyzed data from three sources: 1) quantitative 

household survey data from 1,855 households with chickens; 2) two-day direct observations of 18 

households with index children; and 3) in-depth interviews with woman caregivers of those same 18 

children. Our quantitative results showed that being in a woman-headed household, having greater 

women’s empowerment in chicken production, having more years of women’s education, having 

improved sanitation, and having 10 or more chickens were positively associated with a score of 



 6 

improved chicken management practices. Land rental as compared to ownership was negatively 

associated with the chicken management score. Poultry housing that had enclosures and that were 

separated from the household were protective of exposure to contamination. Direct observations 

showed that children faced an average of seven harmful exposures to contamination per hour, and 

children were near animal feces during 43% of observation instances. In-depth interviews revealed 

that protection of animals, maintenance of cleanliness and health, and resource constraints 

influenced chicken husbandry decisions. Our findings illustrate the high degree of children’s 

exposure to contamination in this context, emphasize the role of women in chicken production, and 

highlight the need for training and resources to ensure safe animal husbandry practices.  

Paper 3  

We analyzed caregiver perceptions of their child’s height using cross-sectional data from a 

survey of 808 woman caregivers of children ages 6-35 months in Oromia, Ethiopia. Nearly half 

(43%) of caregivers ranked their child’s relative height at the median (5 on the scale) of the 

distribution within their village. Over 41% of caregivers overestimated their child’s height relative to 

the local population, and 73% overestimated compared to the WHO reference population. 

Caregivers of children who were stunted were approximately twice as likely to overestimate their 

child’s height compared to caregivers of children who were not stunted. Caregivers of children who 

were female, younger, and mildly stunted (-2 £ HAZ <-1) or moderately/severely stunted (HAZ <-

2) were more likely to overestimate their child’s height relative to children their age in the local 

population. When comparing rankings to the WHO’s percentiles, caregivers who had attended 

school, whose children were older, and whose children were mildly or severely stunted were more 

likely to overestimate height. Our findings suggest a systematic overestimation of children’s height, 

which could represent a risk for children if these misperceptions lead to an insufficient health and 
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nutrition response. Future research would benefit from a deeper understanding of the relationship 

between perceptions of child growth and caregiver feeding and health-seeking behaviors. 

Implications 

 The findings from these three papers highlight several important takeaways for combating 

child undernutrition in Ethiopia and around the world. First, the first two papers focus on nutrition-

sensitive, rather than nutrition-specific, aspects of child growth through their investigation of how 

agriculture and WASH impact child nutrition. This represents an important contribution to the 

literature, since there is currently insufficient evidence of how agricultural interventions influence 

child nutrition and health outcomes. Notably, our findings are supported by strong study designs, 

including a cluster-randomized trial and a mixed-methods analysis. Research on nutrition-sensitive 

approaches should continue to grow in order to identify effective, context-specific strategies for 

reducing child undernutrition. Second, our findings emphasize the central role of woman caregivers 

in addressing child undernutrition. All three papers illustrate the importance of empowering women 

through agriculture and knowledge, and the need to understand women’s perspectives when 

identifying effective solutions to addressing child undernutrition.  

Overall, building the evidence around programs and policies to improve child growth in 

Ethiopia is critical, since the country’s recent progress and commitment to nutrition have meant that 

the country has increasingly been used as an example and model. To achieve its goal of zero stunting 

by the year 2030, Ethiopia will require a comprehensive understanding of the expected impacts of 

both nutrition-sensitive and nutrition-specific approaches across the country’s diverse contexts. We 

hope that the research presented in this dissertation will contribute to that evidence base, and 

provide instructive case studies not only for Ethiopia, but also for other LMICs hoping to follow 

suit.    
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Paper 1: A cluster-randomized chicken production intervention in 

Ethiopia improves child linear growth  

Authors: Simone Passarelli1, Ramya Ambikapathi2, Nilupa S. Gunaratna2, Isabel Madzorera1, Chelsey 
R. Canavan1, Abdallah R. Noor1, Amare Worku3, Yemane Berhane3, Semira Abdelmenan3, 
Simbarashe Sibanda4, Bertha Munthali4, Tshilidzi Madzivhandila4, Lindiwe M. Sibanda4, Kumlachew 
Geremew5, Tadelle Dessie5, Solomon Abegaz6, Getnet Assefa6, Christopher Sudfeld1, Margaret 
McConnell1, Kirsten Davison7, Wafaie Fawzi1 
 
Affiliations: 
1Harvard T. H. Chan School of Public Health, Boston, USA 
2Purdue University, West Lafayette, USA 
3Addis Continental Institute of Public Health, Addis Ababa, Ethiopia 
4Food, Agriculture and Natural Resources Policy Analysis Network, Pretoria, South Africa 
5International Livestock Research Institute, Addis Ababa, Ethiopia 
6Ethiopian Institute of Agricultural Research, Addis Ababa, Ethiopia 
7Boston College School of Social Work, Chestnut Hill, USA 
 
Abstract 

Homestead chicken production may provide an opportunity to improve child nutrition in low-

income agricultural settings, but its impacts on child anthropometry and health outcomes have not 

been explored in the context of a cluster-randomized trial. We seek to understand the relationship 

between chicken production and child nutrition and health outcomes, evaluate the impacts of the 

intervention on hypothesized nutrition intermediaries, and investigate the intervention’s effects on 

environmental hygiene. We assessed children who were 0-36 months of age at baseline and enrolled 

in the intervention (n=265) or control (n=311) arms. Participants in randomized villages received 25 

improved chickens and basic animal husbandry guidance. We assessed the effects of the intervention 

on the secondary trial outcomes of height-for-age z-scores (HAZ), weight-for-age z-scores (WAZ), 

weight-for-height z-scores (WHZ), and anemia at 9 and 18 months of follow-up. We also examined 

the effect of the intervention on hypothesized intermediaries including egg production, diet 

diversity, empowerment, and child morbidities. The intervention increased HAZ by 0.25 (95% CI: 

0.02 – 0.47, p-value=0.039) at endline, and showed a marginal effect on WAZ (mean difference 
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0.17; 95% CI: -0.02, 0.36, p-value=0.077). The intervention also increased the number of improved 

chickens owned, income from chickens, and egg production at midline and endline (p-values <0.05). 

Women’s decision-making over chicken production, child dietary diversity, and egg consumption 

frequency increased in the intervention group at midline (p-values <0.05), though effects on child 

dietary diversity were attenuated in adjusted analyses. The intervention increased use of enclosed and 

separated coops, and improved overall chicken management practices. No negative effects of the 

intervention were found on anemia, diarrhea, fever, or vomiting. Household chicken production 

may benefit child nutritional status in rural Ethiopia, and in the context of appropriate animal 

husbandry, does not affect morbidity.  
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Introduction 

Globally, stunting affects 159 million children under five, nearly a quarter of the world’s 

children. In Ethiopia, approximately 38 percent of children under five are stunted, and many more 

experience growth faltering (Ethiopia Demographic and Health Survey 2016, 2016). Stunting is a marker 

of sustained nutritional deficiency, and is associated with a number of adverse health outcomes, 

including compromised cognitive, immune, and metabolic function (Black et al., 2013; Leroy and 

Frongillo, 2019).  

There has been a growing recognition of agriculture’s potential to improve undernutrition, since 

small farms support the livelihoods of 2.5 billion people worldwide and provide 80 percent of the 

food supply in Asia and sub-Saharan Africa (IFAD, 2016). Still, evidence of the effects of nutrition-

sensitive agriculture on child nutrition outcomes remains limited (Ruel, Quisumbing and 

Balagamwala, 2018). Findings from several observational studies have shown positive relationships 

between agricultural production and household and individual dietary diversity measures and, to a 

lesser extent, micronutrient intake and status (Masset et al., 2012; Ruel, Quisumbing and 

Balagamwala, 2018).  

Animal agriculture has been a source of controversy in literature. While increased animal 

production may improve diet quality through the consumption and sale of animal products, 

simultaneous increases in exposure to fecal contamination by animals may adversely affect child 

nutrition and health (Humphrey and Jones, 2015; Headey, Hirvonen and Hoddinott, 2018; Gelli et 

al., 2019). In recent years chicken production has been highlighted as a scalable intervention due to 

the potential for a rich and renewable source of micronutrients from eggs and the trend for women 

to be the primary decision-makers over chicken production (Iannotti et al., 2017; Alders et al., 2018). 

Nevertheless, previous research in Ethiopia has shown that approximately 48 percent of poultry 

producers keep their chickens indoors overnight (Headey and Hirvonen, 2016). Exposure to fecal 
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contamination from animals may negatively affect child nutritional status through the fecal-oral 

transmission of harmful zoonotic enteric pathogens, including Campylobacter, Salmonella (most 

common in poultry), Cryptosporidium, Listeria, and E.coli (most common in ruminants) (Jay, Loessner 

and Golden, 2005). Chronic exposure to pathogens can lead to a subclinical intestinal condition 

known as environmental enteric dysfunction (EED), characterized by blunting of gut villi, increased 

gut permeability, chronic inflammation, impaired nutrient absorption, and growth faltering (Ngure et 

al., 2014; Crane, Jones and Berkley, 2015; Denno, Tarr and Nataro, 2017). The conceptual 

framework in Figure 1.1 illustrates these pathways based on evidence from two main areas: 1) the 

agriculture-nutrition pathways identified by Harris and Herforth (Herforth, Anna; Harris, 2014), and 

2) the pathways through which exposure to fecal contamination could adversely affect nutrition and 

health (Ngure et al., 2014; Ercumen et al., 2017; Headey et al., 2017; Penakalapati et al., 2017).  

 

Figure 1.1: Hypothesized pathways between chicken production and child nutrition and health 
outcomes 

The balance of potential benefits and harms caused by domestic animals has left an open 

question about whether chicken production should be promoted as a nutrition strategy. While 

previous research on this topic has largely come from observational data, we assess causal effects in 
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the context of a cluster-randomized trial in rural Ethiopia. We also evaluate the impact of the 

intervention on intermediaries, including diet, income, women’s decision-making, and environmental 

conditions.  

Methods 

Trial Design 

The African Chicken Genetic Gains (ACGG) project was a cluster-randomized trial 

implemented by the International Livestock Research Institute (ILRI) to test and make available 

high-yielding, tropically-adapted genotypes to increase smallholder chicken productivity, improve 

incomes, empower women farmers (ClinicalTrials.gov Identifier: NCT03152227), and identify the 

genotypes preferred by farmers. Villages (clusters) were randomly allocated in equal proportions to 

receive no intervention, the chicken intervention only (ACGG), or the chicken intervention 

combined with the nutrition-sensitive (Agriculture to Nutrition – ATONU) intervention package 

(ACGG+ATONU). The ACGG+ATONU arm included additional nutrition components, 

including homestead food production, women’s empowerment, and behavior change 

communication. These components will be analyzed in forthcoming research, as the purpose of this 

paper is to directly test the effects of chicken production on nutrition outcomes. 

Participants 

Inclusion criteria for participating households were: having produced chickens for at least 

two years, having fewer than 50 birds, having at least one woman of reproductive age (18-49 years at 

enrollment), and providing informed consent. The trial was implemented in rural agricultural villages 

in four regions of Ethiopia: Amhara; Oromia; Southern Nations, Nationalities, and Peoples’ Region 

(SNNPR); and Tigray. From the eligible households in a village, 35 were randomly selected to 

participate in the intervention (either ACGG or ACGG+ATONU). One index child was enrolled in 
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the study if there was a child aged 0-35 months living in the household at baseline, midline, or 

endline. 

Interventions 

This analysis uses data from the ACGG intervention and control arms, and excludes the 

ATONU arm, in order to isolate the effects of chicken production on nutrition and health directly. 

Five chicken breeds were tested and delivered to farmers, including Sasso-RIR, Kuroiler, Sasso, 

Horro, and Koekoek in the ACGG arm. These improved varieties produce up to 200 percent more 

eggs than local breeds (Tadesse, 2014). Each household received 25 vaccinated chicks when they 

were approximately six weeks old. To participate in ACGG, households had to agree to incur the 

costs of providing night shelter, daytime enclosures or partitions, feed supplementation, and 

additional vaccinations. Households were advised to use a semi-scavenging system, where chickens 

are let out for several hours twice per day to forage in order to take advantage of freely available 

food in the environment, and to provide birds with supplemental feed. Actual chicken husbandry 

practices were implemented by farmers themselves according to their individual preferences.  

Randomization Sequence and Allocation 

Five regions were purposively selected (including Addis Ababa, which was excluded from 

this survey because it is an urban site) using criteria defined by the ACGG program for having a 

suitable agroecology for chicken production. Twenty districts were selected using these same 

agroecological criteria from the four regions. All districts deemed suitable were listed and stratified 

into three agroecologies (highland, mid-altitude, and lowland), allowing investigators to evaluate the 

effectiveness of the intervention and viability of breeds in different contexts. From each 

agroecology, 20 villages were randomly selected from districts and randomly assigned to one of the 

two intervention arms: 1) ACGG, 2) ACGG+ATONU (Agriculture to Nutrition) using a random 

number generator in Microsoft Excel. For the purposes of the evaluation, 20 additional control 
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villages were then selected based on these same criteria. All villages selected for the intervention 

agreed to participate in the ACGG program. Within villages, a list of all households was obtained 

from the village administrative office. Government agricultural extension agents at the village level 

identified households that met the inclusion criteria for the study. Up to 40 households meeting the 

inclusion criteria were selected and eligibility was confirmed through an interview. If more than 40 

households were eligible and interested, then households were listed and selected via simple random 

sampling.   

Due to the nature of the intervention, it was impossible to blind the study participants and 

investigators to their treatment status. However, the participants were not told explicitly about 

which study arm they were in, and control groups were not informed of the intervention arms.     

Data Collection and Outcome Assessment 

Data were collected using Open Data Kit (ODK) on tablets during three household visits at 

baseline (November 2016), midline (July 2017), and endline (April 2018). The questionnaire 

concerning chicken production and household nutrition and health was administered to the woman 

of reproductive age enrolled in the study, while a household questionnaire on assets, agricultural 

production, and household demographics was administered to the (male or female) household head. 

All participants were followed up at midline (9 months) and endline (18 months). Field teams 

conducted interviews and assessed child height and weight. Anthropometry measures were taken 

twice for each individual by trained enumerators using Seca scales and height/length boards based 

on standard procedures.  

The outcomes hypothesized to be intermediaries on the child nutrition pathway included: 

frequency of child egg consumption in the previous week, number of local chickens owned, number 

of improved chickens owned, relative income from chickens in the previous week (as a proportion 

of average annual household expenditures in the village), child’s dietary diversity score in the 
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previous seven days (using the categories for the minimum dietary diversity for children (WHO 

2007), a score of women’s input into decision-making related to chickens, and the number of eggs 

produced in the household the previous week. We measured frequency of egg consumption and 

child dietary diversity over seven days instead of over one day because our baseline data showed that 

eggs were not consumed daily in most households. The score of women’s decision-making regarding 

chickens was derived using household survey questions asking about the extent of a woman’s input 

into: chicken production, chicken input use, use of eggs for home consumption, marketing of eggs, 

slaughter of chickens for home consumption, and marketing of chickens. The score was then 

constructed based on the proportion of these six activities for which women responded to have 

input into some, most, or all decisions. 

Contamination from animals was measured using the following six variables, as well as a 

summary score that is a count of these practices (from 0-6): household has a chicken coop; 

household has a chicken coop that is separate from the household; household has a chicken coop 

where animals are enclosed; chickens roam freely at night; chickens did not sleep in the house last 

night; and no visible feces are present in/around the household. The six binary variables were based 

on enumerator observations, which were standardized during the survey pilot.  

Statistical Methods 

The child nutrition and health outcomes analyzed include: height-for-age z-scores (HAZ), 

weight-for-age z-scores (WAZ), and weight-for-height z-scores (WHZ) (as measured by WHO 2006 

growth charts (WHO Multicentre Growth Reference Study Group, 2006)); child anemia (defined as 

altitude-adjusted hemoglobin <11 g/dl); and fever, vomiting, and diarrhea in the past two weeks 

reported by caregivers. We used ordinary least squares (OLS) to assess the effect of the intervention 

on the outcomes of HAZ, WAZ, and WHZ at midline and endline. We also used OLS for the 

exploratory outcomes of the number of local chickens owned, the number of improved chickens 
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owned, the score of women’s decision-making in chicken production, seven-day frequency of egg 

consumption, seven-day child dietary diversity, number of eggs produced in the previous week, and 

the overall chicken management score. For the binary outcomes of diarrhea, vomiting, fever, and 

anemia, and the six binary measures of chicken management practices, we used log binomial models 

to estimate relative risks. Poisson distributions were used in place of binomial distributions in cases 

of non-convergence.  

In supplemental analyses, we tested for effect modification of the treatment’s effects on 

child nutrition and health outcomes by child age and sex, and baseline chicken management score 

(binary high or low, defined as above or below median score). The statistical significance of 

interaction was assessed with the Wald Chi-Squared Test. 

All models adjusted for clustering at the village level and for the baseline value of the 

outcome variable. Because there were only 20 clusters in each of the study arms, all confidence 

intervals were bootstrapped with 500 iterations. Adjusted models controlled for baseline household 

characteristics of: region, wealth quintile (using the first component of a principal component 

analysis of assets owned), number of other livestock owned, number of household members, years 

of education of the woman, woman’s age, having improved water (yes/no, based on 

WHO/UNICEF definition), having improved sanitation (yes/no, based on WHO/UNICEF 

definition), child age group (0-11, 12-23, and 24-35 months), and sex of the index child (equal to 1 if 

the child is female). All analyses were conducted using Stata 15.  

Ethics Statement 

This research obtained ethical approval from the Harvard Office of Human Research 

Administration (United States) and the institutional review board of the Addis Continental Institute 

of Public Health (Ethiopia) in adherence to the principles of the Declaration of Helsinki as revised 

in 1983.  
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Results 

 

Figure 1.2: Participant Flow Diagram 

The flow of study participants is described in Figure 1.2. Of the 710 households allocated to 

the ACGG intervention group, 242 had data for index children available for analysis at midline, and 

265 for endline. In the control group, of the 698 allocated households, 307 had index children who 

were analyzed at midline, and 311 at endline. Twenty-seven children had missing values at midline, 

but were included in the analysis at endline. Visits for data collection occurred at baseline, midline (9 

months of follow-up), and endline (18 months of follow-up).  
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Table 1.1: Baseline characteristics of randomized children and their households by randomized 
group 

 
Control 
N=311 

ACGG 
Intervention         
N=265 

 
% (n) or mean 
(±SD) 

% (n) or mean 
(±SD) 

Child age at enrollment   
0-12 months, % 33.1 (103) 30.8 (81) 

12-24 months, % 38.3 (119) 33.5 (88) 

24-36 months, % 28.6 (89) 35.7 (94) 

Female child, % 52.4 (163) 53.2 (140) 

In lowest wealth quintile, % 25.1 (78) 15.6 (41) 

In highest wealth quintile, % 15.1 (47) 24.3 (64) 

Woman age in years, mean 29.7 [±5.6] 31.7 [±6.3] 

Number of household members, mean 6.2 [±2.0] 6.9 [±1.9] 

Woman schooling years, mean 3.1 [±3.3] 3.4 [±3.9] 

Number of other livestock at baseline, mean 4.7 [±4.7] 7.2 [±6.0] 

Improved water, % 81.6 (252) 87.2 (224) 

Improved sanitation, % 24.5 (76) 27.4 (72) 
ACGG=African Chicken Genetic Gains; SD=standard deviation. 
 

Baseline characteristics, stratified by the two treatment arms included in this analysis, are 

shown in Table 1.1. There is some indication that the ACGG intervention group had slightly greater 

wealth, number of other livestock owned, and proportion of households with improved water and 

sanitation.  
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Table 1.2: Effect of the ATONU intervention on child height-for-age z-scores (HAZ), weight-for-height z-scores (WHZ), and weight-
for-age z-scores (WAZ) at midline (9 months) and endline (18 month) evaluation 

 Midline Endline 
  ACGG 

Intervention Mean 
(SD)  

Control Mean 
(SD)  

Unadjusted Mean 
Difference (95% CI) 

Adjusted Mean 
Difference (95% CI) 

ACGG 
Intervention Mean 

(SD) 

Control 
Mean (SD)  

Unadjusted Mean 
Difference (95% CI) 

Adjusted Mean 
Difference (95% CI) 

HAZ  -1.57 (1.72) -1.63 (1.79) 0.08 (-0.17 - 0.32) 0.03 (-0.23 - 0.30) -1.51 (1.72) -1.83 (1.47) 0.28 (0.04 - 0.52) ** 0.25 (0.02 - 0.47) ** 
WHZ  0.06 (1.17) 0.12 (1.31) -0.09 (-0.32 - 0.13) -0.08 (-0.34 - 0.18) -0.16 (1.18) -0.15 (1.18) 0.00 (-0.24 - 0.24) -0.03 (-0.27 - 0.22) 
WAZ -0.76 (1.32) -0.87 (1.34) 0.10 (-0.10 - 0.29) 0.04 (-0.16 - 0.24) -0.98 (1.27) -1.17 (1.15) 0.18 (0.00 - 0.36) ** 0.17 (-0.02 - 0.36) * 

Robust bootstrapped confidence intervals are clustered at the village level in exponentiated form in parentheses. *** p<0.01, ** p<0.05. Unadjusted and adjusted 
analyses adjust for baseline value of the z-score. Adjusted regressions include the following baseline variables: age category of child, sex of child, wealth quintiles, 
number of other livestock, number of household members, years of education of mother, maternal age, having improved water, and having improved sanitation. At 
midline, HAZ n=502, WHZ n=528, WAZ n=536; at endline, HAZ n=522, WHZ n=548, WAZ n=560. HAZ=height-for-age z-score; WHZ=weight-for-height z-
score; WAZ=weight-for-age z-score; ACGG=African Chicken Genetic Gains. 
 

 

Table 1.3: Effect of the ACGG intervention on maternal-reported morbidity and child anemia at midline (9 months) and endline (18 
months) evaluation 

 
Midline  Endline   

  ACGG 
Intervention 
Mean % (n) 

Control 
Mean % (n) 

Unadjusted  
RR (95% CI) 

Adjusted 
RR (95% CI) 

ACGG Intervention 
Mean % (n) 

Control 
Mean (n) % 

Unadjusted 
RR (95% CI) 

Adjusted 
RR (95% CI) 

Anemia - - - - 58.2 (71) 54.5 (84) 1.11 (0.85 - 1.46) 1.15 (0.84 - 1.57) 
Fever 21.6(53) 19.8(60) 1.05 (0.69 - 1.60) 1.02 (0.74 - 1.43) 14.3% (38) 15.1 (47) 0.92 (0.60 - 1.40) 0.88 (0.54 - 1.42) 
Vomiting 13.5 (33) 9.9 (30) 1.32 (0.73 - 2.40) 1.43 (0.78 - 2.63) 7.1(19) 7.4(23) 0.91 (0.49 - 1.71) 1.01 (0.51 - 2.02) 
Diarrhea 15.3(37) 18.2 (55) 0.85 (0.57 - 1.27) 0.80 (0.50 - 1.28) 12.2(32) 10.0(31) 1.22 (0.66 - 2.26) 1.31 (0.68 - 2.52) 

Robust bootstrapped confidence intervals are clustered at the village level in exponentiated form in parentheses. *** p<0.01, ** p<0.05, * p<0.1. Outcomes are 
maternal-reported illnesses for index children in the previous two weeks. Regressions are log binomial regressions, or Poisson in the case of non-convergence. Robust 
bootstrapped confidence intervals are clustered at the village level in exponentiated form in parentheses. Adjusted regressions include the following baseline variables: 
age category of child, sex of child, wealth quintiles, number of other livestock, number of household members, years of education of mother, maternal age, having 
improved water, and having improved sanitation. Anemia data were not collected at midline. Child anemia was defined as a hemoglobin value less than 11 g/dl, after 
adjusting for altitude. N=545 at midline, n=271 for anemia at endline, and n=574 for all other variables at endline. ACGG=African Chicken Genetic Gains
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Table 1.2 shows the effect of the intervention on HAZ, WHZ, and WAZ at midline and 

endline. There was no effect of the intervention on any anthropometric parameter at midline (p-

values >0.05). At endline, the intervention increased children’s height-for-age z-scores by 0.28 (95% 

CI: 0.04 - 0.51) in the intervention group compared the control group in unadjusted analyses, and 

0.25 (95% CI: 0.01 - 0.48) in adjusted analyses. The intervention group also had a 0.18 (95% CI: -

0.00 – 0.36) greater weight-for-age z-score compared to children in the control group in unadjusted 

analyses, and 0.17 (95% CI: -0.02 – 0.36) in adjusted analyses at endline, though these effects were 

not significant at the p<0.05 level. There was no effect of the intervention on children’s WHZ at 

endline. In supplemental analyses, we found no evidence of effect modification by age group, high 

or low baseline chicken management score, or sex on HAZ, WHZ, and WAZ (see Appendix 1).  

Table 1.3 presents the effect of the intervention on indicators of the intervention’s 

implementation hypothesized to act as intermediaries for nutrition, including chicken management 

practices used. At midline, there were improvements in hypothesized nutrition intermediaries. In the 

adjusted analyses, these include: women’s decision-making over chicken production, the frequency 

of children’s egg consumption, the number of improved chickens owned, egg production, and 

children’s 7-day dietary diversity. At endline, dietary impacts do not persist, and impacts on women’s 

decision-making have marginal to no effect. In adjusted analyses at endline, intervention households 

produced 4.6 [95% CI: 1.9-7.3] more eggs than control households, which represents an increase 

from midline, although there is a drop in the number of improved chickens among intervention 

households relative to control households. The intervention group also experienced an increase in 

their income from chickens relative to average household expenditures in the kebele.  

The results in Table 1.3 also demonstrate an increase in the use of chicken management 

practices hypothesized to limit exposure to contamination. In adjusted analyses at midline and 

endline, intervention households were more likely to have a chicken coop, more likely to have a 
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coop where chickens are confined, and more likely to have a coop that is separated from the 

household. Overall, there was an increase in the chicken management score by 0.6 practices (95% 

CI: 0.3-0.9) relative to the control group in adjusted endline models. 

As Table 1.4 shows, at both midline and endline, there were no significant differences in 

health outcomes—including fever, vomiting, illness treatment, and diarrhea in the past two weeks—

by treatment group. 
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Table 1.4: ACGG intervention program implementation indication and chicken management practices at midline (9 months) and 
endline (18 months) evaluation 

 Midline 
 

Midline 
 

Midline Midline Endline 
 

Endline 
 

Endline Endline 

   ACGG 
Intervention 

% (n) or 
Mean (SD)  

Control  
% (n) or Mean 

(SD)  

Unadjusted RR or 
mean difference 

(95% CI) 

Adjusted RR or 
mean difference 

(95% CI) 

 ACGG 
Intervention % 

(n) or Mean 
(SD)  

Control % 
(n) or Mean 

(SD)  

Unadjusted RR or mean 
difference (95% CI) 

Adjusted RR or 
mean difference 

(95% CI) 

Program implementation indicators         

Local chickens, # 2.3 (3.7) 2.5 (3.9) -0.2 (-0.9 - 0.5) -0.5 (-1.2 - 0.3) 1.8 (3.2) 2.1 (4.3) -0.4 (-1.2 - 0.4) -0.7 (-1.6 - 0.2) 

Improved chickens, # 7.6 (8.4) 1.2 (4.6) 6.3 (4.3 - 8.2) *** 6.9 (4.9 - 8.9) *** 4.0 (5.3) 1.2 (2.9) 2.7 (1.2 - 4.2) *** 2.9 (1.6 - 4.3) *** 

Women's decision-making related to chickens, out 
of 6 

0.4 (0.4) 0.3 (0.4) 0.1 (0.0 - 0.2) ** 0.1 (0.0 - 0.2) ** 0.4 (0.4) 0.3 (0.4) 0.1 (-0.0 - 0.1) * 0.0 (-0.0 - 0.1) 

Chicken income, proportion of expenditure 0.1 (0.1) 0.1 (0.3) -0.0 (-0.1 - 0.0) -0.0 (-0.1 - 0.0) 0.2 (0.3) 0.1 (0.2) 0.1 (0.0 - 0.2) *** 0.1 (0.0 - 0.2) *** 

Frequency of child's egg consumption last week, # 0.6 (1.2) 0.3 (0.9) 0.3 (0.1 - 0.6) *** 0.3 (0.0 - 0.5) ** 0.8 (1.6) 0.6 (1.2) 0.2 (-0.1 - 0.5) 0.2 (-0.1 - 0.4) 

Child's 7-day dietary diversity, categories 4.0 (1.6) 3.6 (1.6) 0.4 (0.1 - 0.7) *** 0.3 (-0.0 - 0.5) * 3.8 (2.1) 4.0 (1.8) -0.2 (-0.7 - 0.3) -0.4 (-0.9 - 0.2) 

Eggs produced in household last week, # 7.1 (11.6) 3.6 (7.5) 3.5 (1.2 - 5.9) *** 3.5 (1.1 - 5.9) *** 10.7 (12.5) 5.6 (11.8) 5.2 (2.2 - 8.2) *** 4.6 (1.9 - 7.3) *** 

Chicken management practices         

Has coop, % 74.7 (183) 48.5 (149) 1.5 (1.2 - 1.9) *** 1.6 (1.3 - 1.9) *** 65.4 (172) 40.5 (126) 1.6 (1.2 - 2.1) *** 1.6 (1.3 - 1.9) *** 

Has coop that is separated from house, % 44.1 (108) 26.7 (82) 1.4 (0.9 - 2.1) * 1.7 (1.2 - 2.4) *** 42.2 (111) 22.5 (70) 1.8 (1.2 - 2.7) ** 1.9 (1.4 - 2.5) *** 

Has enclosed coop, % 33.5 (82) 15.6 (48) 2.1 (1.3 - 3.4) *** 2.1 (1.3 - 3.3) *** 31.2 (82) 15.1 (47) 2.0 (1.3 - 3.2) *** 1.9 (1.4 - 2.6) *** 

Chickens do not roam freely at night, % 42.9 (105) 35.8 (110) 1.2 (0.9 - 1.6) 1.2* (1.0 - 1.6) 40.3 (106) 38.6 (120) 1.0 (0.8 - 1.4) 1.1 (0.8 - 1.4) 

Chickens did not sleep in house last night, % 70.2 (172) 63.2 (194) 1.0 (0.9 - 1.1) 1.0 (0.9 - 1.2) 73.0 (192) 66.2 (206) 1.1 (0.9 - 1.2) 1.1 (0.9 - 1.2) 

No visible animal feces on compound, % 34.3 (84) 41.0 (126) 0.8 (0.6 - 1.1) 0.8 (0.6 - 1.1) 39.5 (104) 47.3 (147) 0.9 (0.7 - 1.1) 0.9 (0.7 - 1.2) 

Chicken management score, mean  3.00 (1.5) 2.3 (1.4) 0.6 (0.2 - 1.0) *** 0.7 (0.3 - 1.0) *** 2.9 (1.6) 2.3 (1.4) 0.5 (0.1 – 1.0) *** 0.6 (0.3 - 0.9) *** 

Robust bootstrapped confidence intervals are clustered at the village level in exponentiated form in parentheses. *** p<0.01, ** p<0.05, * p<0.1. Adjusted regressions 
include the following baseline variables: wealth quintiles, number of other livestock, number of household members, years of education of mother, maternal age, 
having improved water, and having improved sanitation. The six variables comprising the WASH management index include: has a chicken coop, has a coop that is 
separated from the house, has an enclosed coop, chickens do not roam freely at night, chickens did not sleep in the house last night, and no visible animal feces on the 
compound. ACGG=African Chicken Genetic Gains. At midline, n=549, and at endline, n=574
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Discussion 

We found that a chicken production intervention in rural Ethiopia increased child HAZ and 

may have improved WAZ after 18 months of follow up. We do not find evidence of any benefit or 

harm of the intervention on the child morbidity and health outcomes, including fever, vomiting, and 

diarrhea in the past two weeks, or anemia. Our results also showed improvements in the 

hypothesized pathways through which chicken production could improve nutrition, including the 

number of improved chickens owned, egg production at midline and endline, women’s decision-

making in chicken production and child diets at midline, and household income at endline.  

One explanation for the improvements in HAZ we observed is through increased egg 

production, which could benefit both diets and income—especially women’s incomes. First, eggs are 

a rich source of both macro and micronutrients that are important for early childhood growth and 

development. Eggs contain a complete source of amino acids, essential fatty acids such as 

Docosahexaenoic acid (DHA) that are important for early brain and visual development, and 

choline, which is an important precursor for the development of phospholipids needed for cellular 

growth, division, and membrane signaling (Zeisel, 2006; Caudill, 2010; Lutter, Iannotti and Stewart, 

2018). For an infant 7-12 months of age, one egg provides 57 percent of the Recommended Dietary 

Allowance for protein, 88 percent of the Adequate Intake for vitamin B12, and 98 percent of the AI 

for choline—in addition to contributions towards pantothenic acid, vitamin B6, folate, phosphorus, 

selenium, and zinc (Lutter, Iannotti and Stewart, 2018). As for the income pathway, the intervention 

increased income from chickens by approximately $11 (US dollars) per week at endline—a 

substantial amount when mean monthly food expenditures are about $23. This income could benefit 

households in a number of ways, including food, health, and education. Even though egg 

production and income from chickens increased at endline relative to midline, we do not observe 

better diets in the intervention children relative to control children at endline. This could imply that 
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households chose to sell their eggs instead of feeding eggs to their children, possibly because eggs 

can command such a high price in the market. With an average household size of six, it is also 

possible that household members other than the index child may have been consuming the eggs 

produced. Efforts hoping to impact dietary patterns more directly may benefit from social and 

behavior change communication related to infant and young child feeding. Moreover, efforts to 

increase the availability and lower the cost of eggs could also be effective in increasing children’s egg 

consumption (Dumas, Lewis and Travis, 2018; Morris, Beesabathuni and Headey, 2018). 

In contrast with previous evidence showing harmful effects of homestead chicken 

production on WASH conditions, we find no evidence that the intervention worsened the WASH 

environment, nor that it adversely affected child health or nutrition outcomes. There are several 

possible explanations for these findings. First, the use of a chicken coop, which was promoted 

among the intervention group but not universally adopted, could have been effective in limiting the 

exposure of young children to contamination. Another explanation is that the level of contamination 

in these household environments is ubiquitous and high, making a small increase or decrease 

insufficient to result in measurable health impacts. This explanation would be consistent with 

findings from the SHINE (Sanitation, Hygiene, Infant Nutrition Efficacy) trial, which found no 

impacts of a WASH intervention on child nutritional status over and above a nutrition intervention 

alone, and hypothesized that the lack of effect may be due to the persistently high degree of 

environmental exposures even after successful behavior change occurred (Pickering et al., 2019). 

Although we did not measure exposure directly, our primary markers of exposure to fecal 

contamination showed that more than half of households had animal feces visible on the property in 

all groups and at all time points, and that the intervention had no measurable effect on this variable 

despite changes in the chicken management practices we measured. While the ACGG intervention 

promoted certain husbandry practices like use of a separated chicken coop, it did not enforce them 
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or promote them as a human health intervention. As Pickering et al. stated in follow-up to the 

SHINE and WASH Benefits trials, future research should focus on identifying interventions that 

can minimize a child’s exposure to contamination more effectively, and measure contamination 

directly rather than through proxies (Pickering et al., 2019).  

Although we find no negative impacts of chicken production on child nutrition, health, or 

the WASH environment, this finding should be interpreted with caution. First, this study was not 

specifically designed to test the effectiveness of the intervention’s ability to limit exposure to 

contamination, nor did it include a thorough behavior change component related to chicken 

management practices. However, this could imply that there were higher levels of contamination 

than there would be with more of a focus on husbandry practices, which strengthens the argument 

that there were no negative effects of the intervention. Furthermore, chickens are only one factor in 

a household’s overall nutrition and WASH environment, and must be considered in the context of 

other crops and animals, access to safe and adequate WASH services, intrahousehold dynamics, and 

the broader food environment. To address all of these factors simultaneously, a more holistic 

approach to improving environmental health in agricultural environments may help to optimize 

child nutrition and health outcomes. This will require that the various disciplines do not work alone, 

but rather in concert with agriculture, nutrition, veterinary, and health practitioners. Future research, 

some of which is already underway, should focus on the effectiveness of behavior change 

communication for improving WASH in the context of animal agriculture (Gelli et al., 2019), the 

effectiveness of different animal husbandry systems for limiting exposure to infectious agents (Feed 

the Future Innovation Lab for Livestock Systems, no date), and the barriers and facilitators to 

adopting safe animal husbandry practices in resource-limited settings.  

This study has several limitations. First, the child health variables rely on the caregiver’s 

recall of the previous two weeks. This recall could be inaccurate, or the timing of the recall period 
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might not align with the intervention’s greatest impact on these outcomes. In addition, these 

findings may not be generalizable to other populations. The participants came from households in 

agroecological zones of Ethiopia that were suitable for chicken production, that were already 

involved in small-scale chicken production, and that may be wealthier on average than non-livestock 

owning households in rural areas.  

Several implementation challenges in this study should be noted in the interpretation of the 

findings. First, due to supply chain issues, the distribution of chickens took place over about a year, 

from August 2016 to August 2017, with a median arrival time in March 2017. This means that some 

households received their chickens before the baseline survey, and some shortly after the midline 

survey. As a result, we may have underestimated the effect on HAZ for individuals who received 

their chickens late. There was also high fatality among the distributed chicken varieties, with about 

four improved chickens of 25 given remaining at endline, on average. Half of the chicks distributed 

were males, which are often sold or slaughtered for consumption, and about seven per household 

were lost due to predation or disease. Despite the fact that the birds were vaccinated against 

Newcastle’s Disease, coccidiosis, parasitic worms, and Gumboro Disease, vaccination is not 100 

percent effective, and other common diseases like salmonellosis, fowl cholera, and fowl pox could 

be at fault (Modjo, 2015; Habte et al., 2017). These challenges highlight the critical need to provide 

households involved in animal production with all necessary inputs to support their endeavors, 

including access to improved animal feeds, housing supplies, markets, and veterinary care—in 

addition to thorough training and continued support—in order for poultry rearing to be sustainable 

and successful.  

Conclusion 

We found that the ACGG intervention increased HAZ among children who were 0-36 

months at baseline. We also found no evidence of harm on child morbidity or health outcomes. The 
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promotion of chicken and eggs has clear benefits for improving child dietary quality, but households 

may have limited physical and financial access to them, and children must rely on appropriate 

intrahousehold nutritional allocation. Given the multiple pathways through which chicken 

production could impact nutrition—including women’s empowerment, income, diet quality, and 

WASH—it is possible that small-scale production of chicken and eggs can help supplement 

household diets and income. However, these systems must be adequately supported with access to 

inputs, biosafety measures, veterinary services, and markets in order to be sustainable, and scale-up 

to semi-commercial and commercial models is likely needed to improve access to chicken products 

on a larger scale.  
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Abstract 

Chicken production may present both opportunities for and threats to child growth due to 

tradeoffs between nutritional benefits and risk of increased exposure to pathogens. Using mixed-

methods, we described the relationship between chicken management practices and exposure to 

contamination in rural Ethiopia quantitatively; we used in-depth qualitative interviews to examine 

behaviors that influence children’s exposure to contamination, and factors underlying the adoption 

of chicken management practices. We analyzed baseline data from 1,855 households raising chickens 

in the Agriculture-to-Nutrition (ATONU) study in Ethiopia to assess the relationship between 

management practices and exposure to contamination.  We used direct observations of child 

exposures to contamination in 18 households, and in-depth interviews with caregivers in these 18 

households. Quantitative analyses showed that being in a woman-headed household, greater 

women’s empowerment in chicken production, higher women’s education, improved sanitation, and 

having 10 or more chickens were associated with better chicken management practices. Land rental 

as compared to ownership was negatively associated with chicken management. Poultry housing that 
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had enclosures and was separated from the household were protective of exposure to 

contamination. Direct observations indicated that children faced an average of seven harmful 

exposures to contamination per hour, and children were near feces 43% of the time. In-depth 

interviews revealed that protection of animals, maintenance of cleanliness and health, and resource 

constraints influenced chicken husbandry decisions. Our findings emphasize the role of women in 

chicken production, and highlight the need for training and resources to promote safe animal 

husbandry practices and improve child health.  
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Introduction 

Globally, stunting affects 159 million children under five years of age, nearly a quarter of the 

world’s children, including approximately 58 million in Africa. In Ethiopia, approximately 40% of 

children under five are stunted (World Health Organization, 2014). Among rural populations that 

often face high levels of poverty and poor physical and financial access to healthy diets, agricultural 

approaches to improve diets have been promoted as one potential way to support nutrition 

(Arimond and Ruel, 2004; Ruel, Quisumbing and Balagamwala, 2018). Specifically, the promotion of 

animal source food (ASF) production has been recognized as a promising enterprise than can 

potentially empower women—who often are responsible for raising small animals—diversify diets 

and incomes, and increase access to micronutrient-rich foods (Leroy and Frongillo, 2007; Randolph 

et al., 2007; Masset et al., 2012).  

There is evidence that small-scale animal production may increase a household’s exposure to 

contamination, especially in areas with insufficient water, sanitation, and hygiene conditions 

(Penakalapati et al., 2017; Matilla et al., 2018). Contamination of houses and yards with animal feces 

can lead to the spread of pathogens into water, food, and hands that result in the ingestion of fecal 

matter, leading to infection, and consequently, threats to health and nutrition status (Zambrano et al., 

2014; Penakalapati et al., 2017). Increased ownership of animals may be associated with increased 

exposure to fecal matter (Headey et al., 2017), which has been associated with an increased 

prevalence of child growth faltering (Humphrey, 2009; Ngure et al., 2014; Headey et al., 2017). The 

main pathways through which exposure to animal contamination can harm child nutritional status 

are through clinical conditions associated with poor absorption (such as diarrheal disease), through 

parasitic infections like worms, and through a subclinical condition known as environmental enteric 

dysfunction (EED), which triggers low-level inflammation and poor nutrient absorption 

(Humphrey, 2009; Zambrano et al., 2014; Penakalapati et al., 2017). 
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Recent research has attempted to address the harms of living in close proximity to animals 

through observational, experimental, and qualitative studies. Some methods to explore these 

relationships have included “spot checks” of cleanliness around a household (Headey et al., 2017); 

direct observations of infants and young children to observe instances of exposure to contamination 

(Ngure et al., 2013); direct measurement of pathogens and their transmission to humans, animals, 

and objects (Marquis et al., 1990; Pickering and Julian, 2012; Ngure et al., 2013; Ercumen et al., 2017); 

measurement of biomarkers of EED (Keusch et al., 2014); randomized trials to limit exposure to 

contamination (Arnold et al., 2013; Humphrey and Jones, 2015; Gelli et al., 2019); description of the 

factors predicting corralling practices by households (Headey and Hirvonen, 2016); qualitative 

research to understand perceptions surrounding the adoption of chicken corrals (Harvey et al., 2003); 

and combinations of these methods (Ngure et al., 2013, 2019). However, we are not aware of any 

mixed methods studies describing decision-making and experiences with animal management 

practices and how they influence exposure to contamination, especially in the context of Ethiopia. 

While quantitative analyses can provide an understanding of the degree of the problem, presenting 

them alongside qualitative data offers an explanation for why we observe the phenomena, which can 

result in actionable solutions.   

We conducted a mixed-methods evaluation of animal husbandry practices in rural Ethiopia. 

This study was designed to inform future nutrition-agriculture and water, sanitation, and hygiene 

research and policy, such that the benefits of efforts to improve household health and well-being 

can be maximized while minimizing potential harmful effects. The key aim of this study was to 

describe and understand the justification for current chicken husbandry practices used by 

households, and how these practices influenced a child’s exposure to contamination. Our research 

questions included: 

(1) How do animal husbandry practices influence exposure to contamination? 
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(2) What are the sources of contamination in interactions between young children, 

chickens, and the surrounding environment? 

(3) What beliefs and factors underlie the adoption of different chicken management 

practices? 

These questions were addressed through a mixed-methods analysis, using data from the 

Agriculture-to-Nutrition (ATONU) study in Ethiopia, a cluster-randomized chicken production and 

nutrition intervention. The first question will be primarily addressed through data from a 

quantitative household survey, the second with direct observations of young children, and the third 

through in-depth interviews with caregivers of young children. The specific methods informing each 

of the research questions will be described in the following section. 

Methods 

Study Population 

This study was conducted as part of the ATONU study (clinicaltrials.gov identifier # 

NCT03152227 ), a cluster-randomized trial designed to evaluate the impact of integrating nutrition-

sensitive behavioral change communication, in the context of increased household production of 

chickens and eggs, on the diets of women and children. The trial was implemented in rural 

agricultural villages within four regions of Ethiopia: Amhara; Oromia; Southern Nations, 

Nationalities and People’s Region (SNNPR); and Tigray. Within these regions, 20 districts were 

selected based on pre-determined criteria for having a suitable agroecology for chicken production. 

Villages were randomly selected from within districts and randomly assigned to one of three 

treatment arms: 1) African Chicken Genetic Gains (ACGG), 2) ACGG+ATONU, or 3) control. 

The inclusion criteria for the study included having produced chickens for at least two years, having 

fewer than 50 birds, having at least one woman of reproductive age (18-49 years at enrollment), and 

providing informed consent. From these eligible households in a village, 35 were randomly selected 
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to participate in the intervention. One index child was enrolled in the study if there was a child aged 

0-36 months living in the household. Both intervention arms, ACGG and ACGG+ATONU, 

participated in the African Chicken Genetic Gains intervention, which included the receipt of 25 

high-yielding chicks from five hybrid breeds, and technical assistance on chicken production and 

management. 

Mixed Methods Approach  

An explanatory sequential mixed methods design was used, which involved first collecting 

quantitative data and then using them to inform the collection of in-depth qualitative data (Creswell, 

2015). In the first phase, quantitative data were collected using household surveys with participants 

in the Agriculture-to-Nutrition (ATONU) study in Ethiopia, to assess the current management 

practices and degree of exposure to contamination among households. During the study’s 

implementation, the qualitative phase was conducted to help explain the quantitative results from 

the study baseline. The objective of this qualitative phase was to observe the interactions between 

young children living in households that raised chickens, and how these interactions were influenced 

by management practices; and to understand the factors underlying a household’s adoption of 

different chicken husbandry practices. Qualitative data were collected through two-day direct 

observations of households with young children (who were 0-36 months old at baseline), and semi-

structured in-depth interviews with the caregivers of those young children.  

Quantitative Methods 

The quantitative data collection was conducted through a household survey, and included 

data on crop and livestock production, household water, sanitation, and hygiene (WASH) 

characteristics, demographics, physical household characteristics, income, expenditures, child health, 

women’s empowerment, and nutrition. Specific data were collected on WASH characteristics related 

to cleanliness and hygiene, including measures of contamination related to chickens and other 
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livestock based on observations by the enumerator. Standards were developed during the survey 

training and piloting until characterizations were similar across enumerators. All quantitative data 

presented in this paper are from the baseline household survey. Of the 2,117 households in the 

sample, 262 households without chickens at baseline were excluded from the analysis, resulting in a 

total sample of 1,855.   

To examine the relationship between household characteristics and chicken management 

practices, we created a summary score, which was a count from 0-6 of the following binary variables: 

household had a chicken coop, household had a chicken coop that was separated from the 

household, household had a chicken coop where animals were enclosed, there were no visible feces 

present in or around the household, chickens roamed freely at night, and chickens did not sleep in 

the house last night. These first four variables based on enumerator observations, and the last two 

were asked directly of respondents. The mean and standard deviation of this score were presented 

by subgroup for various baseline demographic characteristics. The management score was also used 

as the outcome variable in a set bivariate and multivariate ordinary least squares regressions using the 

same set of demographic characteristics, to describe the factors associated with improved chicken 

management practices.  

To estimate the relationship between specific chicken management practices and measures 

of exposure to contamination, we used four exposure variables measuring practices, namely: having 

a chicken coop (yes/no); type of chicken coop (open housing; enclosed housing; fencing; other), 

location of chicken coop (connected to/adjacent to sleeping room; separated from house), and 

distance from the house to the chicken coop (0 meters; 1-3 meters; 4+ meters). The latter three 

measures were only analyzed among the 1,507 households that report having some type of chicken 

coop. We examined the relationship between these four measures of chicken husbandry and three 

binary measures of exposure to contamination, based on associations shown with these factors and 
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health outcomes in previous research (Pickering and Julian, 2012; Zambrano et al., 2014; Headey et 

al., 2017; Nguyen et al., 2017; Penakalapati et al., 2017). These included: whether any chickens slept in 

the house the previous night; whether feces were visible on the property; and for the 869 

households that had an index child 0-36 months old, whether the index child’s hands appeared 

clean.  

Control variables were the same for all adjusted models and included the following baseline 

demographic characteristics: having improved water (yes/no, based on WHO/UNICEF definition), 

having improved sanitation (yes/no, based on WHO/UNICEF definition), number of household 

members (1-4; 5-7; 8+), region (Amhara, Oromia, Tigray, or SNNPR), wealth quintile (based on the 

quintiles of the first principal component of asset ownership), whether the household was woman-

headed, education of woman of reproductive age (none; primary 1; primary 2; secondary 1 or higher; 

other such as adult literacy/religious school), and age of the woman respondent (15-30; 31-38; 39+). 

We also calculated tertiles of a score of women’s empowerment in chicken production, based on the 

share of the following six activities for which women reported participating in at least some 

decisions, relative to few or no decisions: chicken production, chicken inputs, use of eggs, marketing 

of eggs, slaughter, and marketing of chickens. Agricultural control variables included: the number of 

chickens owned (1-3; 5-7; 8+); the number of other livestock owned (0-3; 4-7; 8+); and productive 

land ownership (based on whether households report owning no productive land, some land, or all 

land). Missing values were entered as a separate category (not shown in tables) for 68 values for 

women's education, 4 for number of household members, 17 for improved water, and 5 for 

improved sanitation. 

For regressions analyzing the relationships of chicken management practices on exposure to 

contamination, we conducted both adjusted and unadjusted regressions using log binomial models 

to estimate risk ratios and 95% confidence intervals. Poisson distributions were used to overcome 
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issues of non-convergence. For all regressions presented in this paper, robust confidence intervals 

were clustered at the level of the village, which was the unit of enrollment of eligible households, 

and bootstrapped with 500 iterations (AA, Mooney and Duval, 1994). 

Direct Observation Methods 

To address our second research question, a complementary qualitative study was conducted 

in six villages during the midline of the intervention’s implementation and evaluation. This research 

included direct household observations, and in-depth interviews with caregivers of children who 

were 0-36 months of age. These six villages were selected from Amhara and Oromia regions (which 

were chosen based on perceived representativeness while meeting resource constraints for 

transportation). 

For the direct observations, enumerators observed 18 households for three hours per day 

over two days, totaling 108 hours. The data collection instrument included a combination of pre-

coded and open-ended questions to allow enumerators flexibility in describing what they observed, 

while also ensuring comparability of indicators across sites. The protocol included data on the 

number of times livestock and children occupied the same space; where the children were sitting or 

playing; animal housing; cleanliness of the child, mother and compound; the child’s tactile and oral 

contact with objects; and domestic water, sanitation, and hygiene practices and conditions. These 

data were collected through both hourly spot checks (at 0, 1, 2, and 3 hours during each of the two 

days), and tallies of all behaviors observed over the three hours. At the end of the second day, 

enumerators administered a semi-structured interview with the caregivers of all children.  

The direct observation data were analyzed to assess the prevalence and frequency of 

potential sources of contamination to which the index child was exposed, as well as any protective 

behaviors observed, across the six hours of observations. We analyzed the observation data from 

eight instances of observation—at the beginning and end of each hour of observation (i.e. at hours 



 
 

 42 

zero, one, two and three)—to assess the proximity of the index child to animals at that given 

moment. For these observation data, an average for each household was taken across the two days, 

and then an average across the eighteen households was calculated.  

In-depth Interview Methods 

A semi-structured interview guide was developed based on the guiding research question: 

“what beliefs and factors underlie the adoption of different chicken management practices?” 

Transcripts from in-depth interviews with the 18 caregivers were analyzed using thematic analysis, 

with a hybrid approach of both inductive and deductive coding (Fereday and Muir-Cochrane, 2006) 

using the steps outlined by Braun and Clarke (Braun and Clarke, 2006). Text analysis was conducted 

using NVivo version 12. After reading the 18 interviews and memoing concurrently to identify 

emerging concepts, initial codes were developed, and then the coded text was sorted into themes 

and subthemes. The codebook and coded transcripts were audited and validated by a postdoctoral 

co-investigator (RA). The eighteen observations were also compared using data matrices, and the 

frequency of topics raised was observed using the text analysis features of NVivo. These themes and 

subthemes were linked back to the research questions, and exemplar quotes were identified to 

highlight these themes.  

Results 

Quantitative Results 

 Table 2.1 presents demographic characteristics of 1,855 households that raised at least one 

chicken and presents the mean and standard deviation of the chicken management summary score 

among households in each characteristic group; a higher score indicated the adoption of greater 

number of practices that would limit exposure to contamination from animals. Notably, more than 

half of women in the sample had no formal education and most households had between five and 
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seven household members.  In addition, 83% of households had access to an improved water 

source, only 30% had improved sanitation services.  
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Table 2.1: Demographic predictors of a Chicken Management Score among households that own 
chickens at baseline  

    % (n) in 
group 

Mean (SD) of 
Chicken 

Management Score 
Region Tigray 21.4 (397) 3.42 (1.45) 

 Amhara 25.5 (473) 2.89 (1.40) 

 Oromia 27.0 (500) 3.47 (1.59) 

 SNNPR 26.1 (485) 2.51 (1.40) 
Wealth quintile 1 (Poorest) 19.1 (354) 2.62 (1.49) 

 2 19.5 (361) 3.36 (1.60) 

 3 21.0 (389) 3.17 (1.54) 

 4 20.6 (382) 2.90 (1.42) 

 5 (Richest) 19.9 (369) 3.24 (1.42) 
Age of woman respondent 15-30 37.7 (699) 3.08 (1.53) 

 31-38 33.7 (626) 2.94 (1.46) 

 39+ 28.6 (530) 3.17 (1.56) 
Household is man-headed  85.9 (1,594) 3.02 (1.52) 
Household is woman-headed  14.1 (261) 3.31 (1.47) 
Education of woman respondent None 53.8 (998) 2.95 (1.51) 

 Primary 1 19.3 (358) 3.22 (1.53) 

 Primary 2 14.1 (262) 3.06 (1.57) 

 Secondary 1, 2, or university 5.8 (108) 3.36 (1.49) 

 Other 3.3 (61) 3.16 (1.28) 
Quantiles of empowerment score 1 40.6 (754) 2.94 (1.50) 

 2 33.3 (618) 2.96 (1.52) 
 3 26.0 (483) 3.39 (1.50) 

Total number of household members 1-4 11.4 (186) 3.25 (1.58) 

 5-7 58.4 (953) 2.96 (1.50) 

 8+ 30.1 (492) 3.17 (1.49) 
Number of chickens owned  1-3 chickens 40.7 (755) 2.78 (1.54) 

 4-9 chickens 26.2 (486) 3.00 (1.50) 

 10+ chickens 33.1 (614) 3.46 (1.41) 
Number of other livestock owned 0-3 34.4 (639) 2.94 (1.56) 

 4-7 34.2 (634) 3.03 (1.50) 

 8+ 31.4 (582) 3.23 (1.47) 
Does not have improved water source 15.9 (295) 2.83 (1.47) 
Has improved water source  83.2 (1,543) 3.11 (1.51) 
Does not have improved sanitation 69.6 (1,292) 3.08 (1.54) 
Has improved sanitation  30.1 (558) 3.02 (1.46) 
Productive land available No productive land reported  7.8 (144) 3.34 (1.59) 

 Rents some land 26.1 (485) 2.95 (1.46) 
 Owns all land 66.1 (1,226) 3.07 (1.53) 

Overall mean of Chicken Management Score  3.06 (1.52) 
Observations     1,855 
The Chicken Management Score ranges from 0-6 and is calculated as a count of practices, with a higher score 
indicating improvements in practices that are hypothesized to limit exposure to contamination. Data are presented as 
mean (SD) for continuous measures, and % (n) for categorical measures. 
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Table 2.2 presents the relationships between these demographic and other household 

characteristics and the chicken management score. After multivariable adjustment, we observed that 

the SNNPR region had a lower score compared to Tigray. We also found that households in the 

poorest wealth quintile adopted fewer management practices compared to the second, third, and 

fifth quintiles. Also of note, woman-headed households tended to adopt about more improved 

practices than man-headed households, and that the highest tertile of women’s empowerment was 

associated with improved chicken management. Women educated at the secondary level or higher 

also adopted about 0.41 (95% CI: 0.12 - 0.69) more practices in unadjusted regressions, and about 

0.24 (95% CI: -0.00 - 0.49) in adjusted analyses. Having 10 or more chickens was strongly associated 

with improved chicken management practices in both adjusted (0.68; 95% CI: 0.45 – 0.92) and 

unadjusted (0.44; 95% CI: 0.23 – 0.65) analyses. Land rental relative to no land ownership was 

associated negatively with improved chicken management practices (p<0.05).  
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Table 2.2: Relationship between Household Characteristics and the Chicken Management Score 

    Chicken Management Score 
VARIABLES   Bivariate Multivariate 
Region: Referent: Tigray Amhara -0.53** -0.34 

  (-0.98 - -0.08) (-0.76 - 0.09) 
 Oromia 0.05 0.12 
  (-0.31 - 0.40) (-0.18 - 0.42) 
 SNNPR -0.92*** -0.76*** 
  (-1.27 - -0.56) (-1.10 - -0.43) 

Wealth Quintile: Referent: 1st quintile (poorest) 2 0.74*** 0.54*** 
  (0.45 - 1.02) (0.29 - 0.80) 
 3 0.55*** 0.43*** 
  (0.26 - 0.85) (0.17 - 0.68) 
 4 0.28** 0.18 
  (0.03 - 0.52) (-0.04 - 0.40) 
 Wealthiest - 5 0.62*** 0.41*** 
  (0.32 - 0.92) (0.16 - 0.67) 

Age of WRA: Referent = 1, 15-30 years 31-48 -0.14 -0.04 
  (-0.32 - 0.04) (-0.20 - 0.13) 
 39+ 0.09 0.04 
  (-0.09 - 0.27) (-0.14 - 0.22) 

Household is woman-headed = 1  0.29** 0.22* 
  (0.03 - 0.55) (-0.03 - 0.48) 

Baseline education of WRA: Referent: no schooling  Primary 1 0.27** 0.13 
  (0.04 - 0.50) (-0.06 - 0.32) 
 Primary 2 0.11 0.00 
  (-0.14 - 0.36) (-0.23 - 0.24) 
 Secondary 1,2 or university 0.41*** 0.24* 
  (0.12 - 0.69) (-0.00 - 0.49) 
 Other 0.21 0.05 
  (-0.08 - 0.50) (-0.21 - 0.31) 

Women's empowerment score: Referent:1st tertile (lowest) 2nd tertile 0.02 0.01 
  (-0.14 - 0.18) (-0.14 - 0.17) 
 3rd tertile 0.44*** 0.29*** 
  (0.24 - 0.65) (0.09 - 0.49) 

Number HH members: Referent:1-4 5-7 -0.21** -0.02 
  (-0.41 - -0.01) (-0.18 - 0.14) 
 8+ -0.01 0.15 
  (-0.23 - 0.22) (-0.03 - 0.34) 

Number of chickens owned: Referent: 1-3 4-9 0.23** 0.11 
  (0.02 - 0.43) (-0.05 - 0.27) 
 10+ 0.68*** 0.44*** 
  (0.45 - 0.92) (0.23 - 0.65) 

Number of other owned livestock: Referent=0-3 4-7 0.09 0.11 
  (-0.10 - 0.28) (-0.06 - 0.29) 
 8+ 0.29* 0.11 
  (-0.00 - 0.59) (-0.13 - 0.35) 

Has improved water   0.28** 0.13 
  (0.05 - 0.51) (-0.08 - 0.34) 

Has improved sanitation  -0.07 0.18* 
  (-0.27 - 0.13) (-0.02 - 0.38) 

Land ownership: Referent: no land reported Rents some land -0.39** -0.33** 
  (-0.70 - -0.08) (-0.61 - -0.05) 
 Owns all land -0.27* -0.14 
  (-0.56 - 0.03) (-0.37 - 0.10) 

Observations  1,855 1,855 
R-squared     0.14 
*** p<0.01, ** p<0.05, * p<0.1. Risk ratios are reported with 95% confidence intervals in parentheses. and 5 for 
improved sanitation. The Chicken Management Score is measured on a scale from 0-6, with higher values indicating 
better chicken husbandry practices that limit exposure to contamination. Bivariate models include the association 
between each individual covariate listed and the chicken management score, run as separate models.  
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Table 2.3 presents both adjusted and unadjusted regression results that examined specifically 

which animal husbandry practices were most strongly associated with measures of exposure to 

contamination among this population. We found that having any kind of animal housing, compared 

to the 19% of households that had no animal housing, reduced the risk of animals sleeping in the 

house the previous night, but increased the risk that there were feces visible on the property. Among 

households with a chicken coop, having enclosed animal housing, relative to open housing, 

improved the likelihood of no chickens sleeping in the household by 1.21 times in adjusted models 

(95% CI: 1.11 – 1.30), and increased the likelihood of the absence of animal feces by 1.87 (95% CI: 

1.55 – 2.24). Other types of housing, which were likely less formal structures, appear to be strongly 

associated with chickens sleeping inside the house at night. Having chicken housing that was 

separated from the household compared to adjacent or connected to the sleeping room, as well as 

housing located at least one meter away from the household, were protective for all three measures 

of exposure to contamination, in both adjusted and unadjusted models.  
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Table 2.3: Association of chicken husbandry practices on measures of sanitation and hygiene 

  
Chickens did not sleep in 

house No feces visible Child's hands are clean 

VARIABLES 
 

% (n) Unadjusted Adjusted Unadjusted Adjusted Unadjusted Adjusted 
Among all households   n=1,855 n=1,855 n=1,855 n=1,855 n=869 n=869 
Has a chicken coop (81.2%) 1,507 1.76*** 1.57*** 0.80** 0.81** 0.96 0.90 
    (1.47 - 2.11) (1.34 - 1.85) (0.66 - 0.97) (0.68 - 0.95) (0.87 - 1.07) (0.80 - 1.02) 
Only among households 
with a coop   n=1,507 n=1,507 n=1,507 n=1,507 n=692 n=692 
Type of coop        

Referent: open housing 49.8% (751)       
Enclosed housing 33.8% (510) 1.21*** 1.20*** 1.87*** 1.87*** 1.07 1.11 
  (1.10 - 1.33) (1.11 - 1.30) (1.55 - 2.24) (1.58 - 2.22) (0.92 - 1.25) (0.96 - 1.29) 

Fencing  9.8% (148) 1.17** 1.08 1.60*** 1.74*** 1.26** 1.26** 
  (1.03 - 1.32) (0.95 - 1.23) (1.18 - 2.17) (1.30 - 2.34) (1.04 - 1.53) (1.01 - 1.57) 

 Other 6.5% (98) 0.36*** 0.43*** 1.25 1.30 0.79 0.99 
  (0.24 - 0.53) (0.31 - 0.61) (0.81 - 1.95) (0.82 - 2.06) (0.54 - 1.16) (0.71 - 1.38) 

Location of chicken 
housing:         

Referent: adjacent to sleeping 
room 42.4% (639)       

Separated from house 57.6% (868) 2.32*** 2.09*** 1.52*** 1.44*** 1.40*** 1.33*** 
  (1.97 - 2.74) (1.79 - 2.44) (1.23 - 1.87) (1.17 - 1.76) (1.19 - 1.64) (1.13 - 1.55) 

Distance from house to 
coop        

Referent:0 meters 42.1% (634)       
1-3 meters 27.5% (414) 2.21*** 2.07*** 1.61*** 1.50*** 1.43*** 1.35*** 

  (1.87 - 2.61) (1.77 - 2.41) (1.30 - 2.01) (1.19 - 1.88) (1.21 - 1.68) (1.15 - 1.59) 
4+ meters 30.5% (459) 2.41*** 2.15*** 1.36** 1.32** 1.36*** 1.23** 

  (2.02 - 2.88) (1.82 - 2.53) (1.04 - 1.79) (1.04 - 1.68) (1.14 - 1.62) (1.02 - 1.48) 
Mean of outcome: % (n)   65.3% (984) 30.1% (453) 60.3% (417) 
.*** p<0.01, ** p<0.05, * p<0.1. Risk ratios shown, with robust 95% confidence intervals clustered at village level in 
parentheses. Control variables include: region, wealth quintile, woman-headed household, tertiles of number of 
household members, tertiles of number of chickens owned, tertiles of other livestock owned, education category of 
woman of reproductive age, tertiles of a score of women's empowerment in chicken production, education category 
of household head, improved water, improved sanitation, land ownership. The outcome of whether the child’s hands 
are clean is among a subsample of households that has an index child 0-36 months of age.  
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Qualitative Results 

Direct Observation Results 

Eighteen households were observed and interviewed. None of these households had a 

finished floor—all floors were made out of dung or dirt--and none had a handwashing station with 

soap. Only three households had a female index child, despite relative balance in the overall 

household sample. The average age of the index children among these households was 

approximately 23 months. Sixty-one percent of households had their own latrine, and 72% had 

access to a standpipe or borehole for their drinking water, but only two households had an observed 

handwashing station (without soap). Only seven of the 18 households had a designated chicken 

coop. In 10 cases, the chickens usually spent the night inside the main house, and for three 

additional cases, inside the house but in a separate room. As part of the direct observations, 

enumerators also took pictures of where chickens spent the night, and observed substantial variation 

(Figure 2.1). Chicken housing was observed inside or connected to the main house (along with other 

animals), in separate but open structures, inside of grain stores, connected to or inside of kitchens, 

and in only one case, in a closed and separated structure. 
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Figure 2.1: Types of animal housing observed during direct observations of 18 households with 
young children at midline 

 
Top row: chickens sleep in main house with other young livestock (left); separate chicken coop with open entry (center); 
chickens sleep in grain store room (right).  
Bottom row: chicken coop in box in store room (left); chicken coop with open access to kitchen (center); fully enclosed 
chicken coop (right).  
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During the eight instances of spot checks over the course of two days, enumerators 

observed that on average, animal feces were on the kitchen floor 30% of the time, there were an 

average of 2.8 chickens (SD 2.8) within five paces of the index child, there were feces visible within 

five paces of the index child 43% of the time, and animals were observed inside of the house 70% of 

the time. On average, there were 3.1 (SD 3.7) animals inside of a household at any given time, across 

the 18 households.  

Table 2.4: Child exposures observed over six hours of household observation with 18 households 
with young children at midline 

  

% of households in 
which behavior was 
observed 

Average # of 
times per hour in 
18 households 

Harmful behaviors 100.0 7.0 
Children's fingers in mouth 100.0 3.0 

Dirt in mouth 83.3 0.9 
Dirty object in mouth 94.4 2.5 

Touched animal 66.7 0.5 
Ate leftover uncovered food 38.9 0.1 

   
Protective behaviors 77.8 0.5 

Baby's hands were washed with soap 16.7 0.0 
Baby's hands were washed without soap 66.7 0.3 

Mother washed hands with soap 22.2 0.1 
Mother washed hands without soap 61.1 2.3 

 
 

Table 2.4 presents the results of behaviors observed during the six hours of observation for 

the 18 households. Enumerators observed potentially harmful behaviors—including the child 

putting fingers in their mouth, dirt in their mouth, a dirty object in their mouth, touching an animal, 

or eating leftover uncovered food—in 100% of households, at an average rate of 7 times per hour. 

Protective behaviors—including handwashing of the index child’s or caregiver’s hands with and/or 

without soap—were observed much less commonly, among 78% of households at a rate of only 0.5 

times per hour. Overall, handwashing with soap was uncommon, and observed in less than a quarter 

of households for caregivers and only one-sixth of households for children.  
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In-depth Interview Results 

In the text analysis, 55 codes were developed and used to identify three major themes: 1) 

protection of animals from threats, 2) maintaining cleanliness and health, and 3) constraints to 

adoption of ideal management practices. These themes are described in detail below, using exemplar 

quotes to highlight key points. 

Protection of animals 

Whether households kept their chickens in a separated coop or inside of their home, most 

respondents named protection from various threats as the primary reason underlying the location. 

There were several threats that were commonly noted across households, especially predators 

(n=14), and theft (n=3). Several households also mentioned risk of the chickens wandering off, 

messing up crops or the neighbor’s land, being trampled by larger livestock, or hurting and being 

hurt by children: “we fear to lose [them] if chickens go outside, because there are so many things 

that can hunt and hurt our chickens out there. We let them roam around and take air for a short 

time...then we gathered and returned them back in to their corral” (Respondent 22, ACGG). 

Respondents often recognized the benefits of allowing chickens to roam freely in terms of 

foraging for food or getting fresh air, which were both seen as beneficial for the health and egg 

productivity of the birds. But this was often in conflict with the dangers of predators: “it would be 

better for the chickens to roam around because this way they are able to find and pick their own 

food. But if we leave them freely, they will be eaten by wild beasts” (Respondent 19, ACGG). Lastly, 

protection of the hybrid chickens specifically was an important determinant of practices, since these 

birds were seen as being more valuable and more vulnerable compared to local varieties. As one 

respondent described: “it’s okay for the local ones to roam freely in the winter but not the hybrid 

ones…to protect them from beasts” (Respondent 16, ACGG). This tendency to treat the hybrid 

chickens differently than local chickens was also noted in where the chickens were kept. There were 
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several cases where hybrid chickens were kept inside the main house while local chickens were 

allowed to roam more freely, since hybrid chickens were seen as slower, more valuable, and more 

prone to loss.  

Maintaining cleanliness and/or health 

Most respondents associated cleanliness with household health, but there were often 

misconceptions about the pathways through which chickens could adversely affect health. For 

example, households often listed the smell (n=10), dirtiness of the chickens (n=13), feces (n=17), 

and/or the family’s health in relation to the environment (n=16) as reasons to separate chickens 

from the household, or as consequences of chicken production. Smell was often viewed as a source 

of illness, for example: "cattle and humans don’t have to live together, because their feces’ smell 

causes disease” (Respondent 41, ATONU). Two households mentioned maintaining cleanliness 

aesthetically, for a more comfortable lifestyle, for example, “it is not matched with our living style. 

Having them at home with the family is an odious thing. To make the situation comfortable, it is 

better to have them far from the cooking facility or kitchen and clean the place frequently as to not 

affect them as well as to make the place interesting” (Respondent 56, Control).  

While about two-thirds of households mentioned trying to keep children and chickens away 

from each other, only about half of households stated a reason related to sanitation and hygiene, 

while the other half were more likely to list physical reasons for keeping them separated. For 

example “chicken may not affect child, rather child may affect chickens. But larger chickens may bite 

the sight of child, so that I may protect one from each other but chicken and child can freely play 

together” (Respondent 55, Control) or “if the child is eating something they’d try to eat that thing 

from him and would hurt him in the process” (Respondent 14, ACGG). Seven households said 

reasons for separation that were either related to dirtiness or contagious insects, and five specifically 

mentioned issues related to illness from contact with chicken waste: “I keep the child away from 
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chicken…because children may beat and kill chicken. On the other hand the child can catch disease 

if it gets into the chicken coop and touches the waste of chickens with [their] hand. It may even go 

on to put the dirt from the chicken coop in to its mouth—is dangerous for the health of the child” 

(Respondent 22, ACGG). 

Constraints to adopting ideal practices 

While many households recognized either cleanliness or health issues related to where 

chickens were kept, they were not always able to adopt more permanent solutions due to a number 

of constraints. One constraint commonly listed was feed. Several households mentioned the benefits 

of cooping chickens, but 10 households mentioned that access to feed--especially for hybrid varieties 

of chickens, which require more food—is a challenge: “they have great advantage, but many of them 

died, plus this hybrid chickens need too much food. They only give us egg when they eat well” 

(Respondent 16, ACGG). Allowing chickens to roam at several points in the day grants the 

opportunity for them to forage for their own food, which reduces both the financial and time cost 

of feeding them: “if cooped up in one place, too much heat may affect the wellbeing of chickens. 

Chickens can’t get enough food and can’t give an egg as expected. This means chickens need 

freedom. Chickens must get air” (Respondent 22, ACGG).  

The type of management practices adopted was also tied to the number of chickens being 

raised, and the age of the chickens. If a household had fewer chickens, they were more likely to keep 

them inside and abandon the use of a chicken coop, because it did not seem worthwhile to build a 

separate structure when they do not take up much space: “because [the chickens] are few, they stay 

with us here… I can’t think of a better place other than this!” (Respondent 17, Control). The chicks 

were seen as more vulnerable to harm, and thus might be kept inside while they grow: “they told us 

they should get warm so I let them stay in the house till they grow; now they have feathers” 

(Respondent 16, ACGG). Lastly, not having enough space (n=2), time (n=1), resources (n=1), or 
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household bargaining power with a husband (n=2) to build a coop were seen as barriers to adopting 

coops for some households.  

Discussion  

Both our quantitative and qualitative findings support the fact that exposure to 

contamination is high among households raising chickens in Ethiopia, and that specific chicken 

husbandry practices are linked to increased exposure to contamination. The frequency and proximity 

of exposures poses substantial health risks for households raising chickens in this population, and 

especially for young children, who are most vulnerable to adverse health and nutrition effects.  

To synthesize our findings, first, our quantitative results demonstrated that as the number of 

chickens raised increased, animal husbandry practices that can limit exposure to contamination 

tended to increase. Thus, while more animals can potentially equate to increased levels of 

contamination, it also appears that this may be somewhat compensated by increased measures of 

protection. This trend was supported by our qualitative findings, which showed that if there were 

fewer chickens, or after high rates of chicken mortality, households might abandon the use or 

upkeep of a coop, and instead keep chickens inside the household. From this interpretation, 

relatively fewer chickens can potentially be associated with equal or even higher exposure to 

contamination.  

Second, we found that the type and location of poultry housing used were significantly 

associated with exposure to contamination in the household environment. The strongest predictors 

of reducing exposure to contamination were having a coop that is separated from the household, 

and a coop that is at least 1-3 meters away from the household. Having enclosed chicken housing 

was also important for reducing the risk that chickens slept in the house the previous night--which 

has been negatively associated with environmental enteropathy (George et al., 2015) and lower 

height-for-age z-scores in children (Headey and Hirvonen, 2016) and for reducing the risk of visible 
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feces, which has been associated with an increased risk of diarrheal disease (Penakalapati et al., 2017). 

These findings suggest having coops that are enclosed and located a safe distance away from the 

household could potentially reduce the exposure of household members to contamination from 

chickens.  

Third, our behavioral observation findings showed that young children were directly affected 

by animal husbandry and environmental conditions. Animals were frequently found inside of 

households and/or next to children. In two-thirds of households, index children directly touched an 

animal, and in 83% of households, put dirt in their mouths. As previous research has shown, in 

settings where animals are allowed to roam freely, it is highly likely that the dirt to which these 

children are exposed contains pathogens that are harmful to their health (Ngure et al., 2013; 

Pickering et al., 2018). Although we observed some potential behavioral compensation in the form 

of handwashing, most handwashing occurred without soap and thus is unlikely to adequately 

counteract harmful exposures. Overall, these behaviors demonstrate that children living in chicken-

producing households face regular exposure to contamination, especially when animals and children 

are not separated, and especially in conditions with limited access to proper hygiene.   

Lastly, our results highlighted the factors that drive the adoption (or the lack of adoption) of 

specific chicken husbandry practices. Our in-depth interviews demonstrated how protection of 

animals is often the driving force behind why chickens are kept where they are. Perceived threats of 

predation, other animals, theft, loss, and destruction of crops can drive households to keep their 

poultry either in a coop or inside of the household. While the majority of households recognized the 

potential health, cleanliness, or physical harm of animals staying in the house or in close proximity to 

children, there were a number of factors that prevented women from adopting different practices, 

especially access to feed and resource constraints. Our quantitative results describing the factors 

associated with improved chicken management practices can help to shed light on ways to overcome 
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some of these potential barriers. Notably, we found the role of women in households was crucial, 

since households that were woman-headed, where women had higher levels of education, and where 

they were more empowered in chicken production were more likely to adopt improved chicken 

management practices. Thus, poultry interventions that work directly with and empower women, 

who are the primary caretakers for small livestock, are likely to be more successful.   

Previous research has also found high levels of contamination in rural Ethiopia, and that 

contamination is negatively associated with health and nutrition outcomes. Using spot checks and 

household survey data, the study by Headey et al. (2017) found that while poultry ownership was 

positively associated with child height-for-age z-scores [β = 0.291], the practice of corralling poultry 

inside the household overnight was negatively associated with height-for-age z-scores [β = -0.250]. 

The authors also found no negative associations between HAZ and corralling other livestock species 

indoors (Headey and Hirvonen, 2016). A follow-up paper also found that the presence of animal 

feces on a household’s property was negatively associated diarrhea and fever in Vietnam and 

Bangladesh, with cough/cold in Vietnam, and with child height-for-age z-scores in Bangladesh and 

Ethiopia.(Headey et al., 2017) As part of formative research for a household nutrition and WASH 

trial (the Sanitation, Hygiene, Infant Nutrition Efficacy Project, or SHINE trial) Ngure et al. (2013) 

observed the WASH behaviors and exploratory ingestion of infants in 23-caregiver-child pairs. All 

chicken feces sampled later tested positive for E. coli. E. coli were found on 30% of the dominant 

hands of caregivers, and on infants’ left and right hands 11% and 5% of cases respectively. The 

paper estimates that a one-year-old child in rural Zimbabwe may typically ingest up to one gram of 

chicken feces, 20 grams of soil, and 400 mL of contaminated water per day. As a result, infants 

would ingest anywhere from 4.7-23.0 million E. coli bacteria (Ngure et al., 2013). Together, these 

previous findings support the fact that our proxy measurements related to exposure to 
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contamination are predictive of actual exposure levels, and that these levels are associated with 

adverse child nutrition and health outcomes.  

Our results have several implications for policy and practice. First, there can be negative 

consequences related to projects that promote increases in animal production, especially if 

appropriate animals husbandry practices are not implemented. Especially in the context of semi-

scavenging systems, an increase in animals means a higher concentration of roaming animals 

depositing feces. One solution might be to move away from semi-scavenging systems towards 

systems with enclosures. However, as the qualitative interviews suggested, one of the disadvantages 

of corralling animals is the increased requirement for food, water, and veterinary care. Thus, any 

efforts to move away from semi-scavenging systems should ensure that the provision of these 

services are adequate. Several projects designed to test different methods for limiting exposure to 

contamination from poultry are currently already underway (Feed the Future Innovation Lab for 

Livestock Systems, no date; Gelli et al., 2019). In addition, training should be provided on the safe 

management and disposal of manure, given some research suggesting that chicken coops actually 

increase health risks, due to the potential for exposure to a higher concentration of manure 

(Oberhelman et al., 2006). Our findings suggest that social and behavioral change communication 

and training on the management of livestock should be an integral part of any agricultural or health 

intervention, particularly in settings where animal agriculture is prevalent. Moreover, animals should 

no longer be left out of traditional water, sanitation, and hygiene interventions. As Prendergast et al. 

(2019) argue, practitioners must put the “A”—for animals—into “WASH” for integrated 

management of water, animals, sanitation, and hygiene in public health interventions (Prendergast et 

al., 2019).  

One limitation of our results is that they are not generalizable to all populations, but specific 

to the study population included in our analysis. Our quantitative results included all four regions in 
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the original study, while for the qualitative portion, we were only able to visit Amhara and Oromia 

regions, meaning our qualitative and quantitative results might not be directly comparable. We were 

able to partially address this by controlling for study region in our adjusted regression analyses. In 

addition, our study does not measure contamination directly (for example., as E. coli counts), but 

rather uses proxy measures of contamination. While direct measurement was beyond the scope of 

this study, we recognize the limitation of these proxies for estimating specific types and levels of 

pathogens. 

Our analysis also has several strengths. Namely, our mixed-methods approach supports our 

research questions from several different perspectives and data sources. The qualitative data were 

critical for understanding the nuance that was not captured by some of our proxy measures of 

exposure--for example, the variation in what households consider a “coop” to be. Our methods can 

also help to inform future data collection, since simply asking about whether or not a coop exists 

might not be an adequate measure of animal husbandry, but also scavenging practices, location of 

the chicken coop, distance of the coop to the household, and whether or not the coop is enclosed. 

In addition, the data from our qualitative interviews informed the implications of our work for 

policy and practice from a realistic perspective, since we better understand the constraints that 

households face when considering the adoption of alternative methods.  

Based on our findings, practitioners promoting animal agriculture must be wary of the 

dangers of intensifying animal agriculture without thoroughly providing all of the knowledge and 

inputs required for a safe and sustainable production system. Household environments with limited 

WASH conditions might not be able to adequately absorb an intensification of animal agriculture. 

However, approximately 60% of rural households in low and middle-income countries depend on 

livestock for their livelihoods. Thus, the pertinent question is not whether livestock should continue 

to be raised on a small scale, but how to do so safely. Future research would benefit from 
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understanding specific mechanisms that reduce a household’s exposure to contamination, such that 

household members can benefit from improved diets and incomes, while minimizing potential 

harmful exposures.  
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Abstract  

 Stunting affects almost a quarter of children under five globally, and nearly forty percent of 

children in Ethiopia. Yet, little is understood about how caregivers perceive the linear growth of 

their children, and perceptions could serve as an important mediator of behaviors to improve child 

nutritional status. Using cross-sectional data from a survey of 808 woman caregivers of children ages 

6-35 months in Oromia, Ethiopia, we analyzed caregivers’ rankings (on a scale from 1-10) of their 

child’s height relative to other children their age in their village. We compared these rankings with 

their actual height-for-age z-scores based on both the 2016 Ethiopian DHS distribution and the 

WHO reference growth curve distribution, and analyzed predictors of overestimation of a child’s 

linear growth as compared to those in the community and in the WHO reference study. Nearly half 

(43%) of caregivers ranked their child’s relative height at the median (5 on the scale) of the 

distribution within their village. Over 41% of caregivers overestimated their child’s height relative to 

the local population, and 73% overestimated compared to the WHO reference population. 

Caregivers of children who were stunted were approximately twice as likely to overestimate their 

child’s height compared to caregivers of children who were not stunted. When using the local 

population’s percentiles, caregivers of children who were female, younger, and mildly stunted (-2£ 

HAZ <-1) or moderately/severely stunted (HAZ <-2) were more likely to overestimate height as 
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compared to children their age in the local population. When comparing rankings to the WHO’s 

percentiles, caregivers who had attended school, whose children were older, and whose children 

were mildly or severely stunted were more likely to overestimate height. Our findings suggest 

systematic overestimation of children’s height, which could represent a risk for children if these 

misperceptions lead to insufficient investment in nutrition or inadequate health seeking. A better 

understanding of the relationship between households’ perception of child growth and caregiver 

feeding and health-seeking practices is needed. 
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Introduction 

More than one-fifth of all children under five are stunted (UNICEF/WHO/World Bank, 

2019), defined as a height-for-age z-score that is more than two standard deviations below the age- 

and sex-specific reference median, and an even greater number are not reaching their linear growth 

potential. Suboptimal linear growth is an indicator of chronic undernutrition and is associated with 

lower cognitive performance, lower lifetime earnings, and a greater risk of morbidity, mortality, and 

the development of chronic diseases later in life (Prendergast and Humphrey, 2014).  

In low- and middle-income countries (LMICs) where child stunting is most common, a child 

who is too short for their age might be perceived as neither abnormal nor unhealthy. However, 

research has not yet explored parental perceptions of their children’s height in contexts where 

undernutrition is common. According to a number of behavior change models, such as the Health 

Belief Model, a sense of risk and susceptibility to a condition serves as a precursor to influencing 

behavioral change for the promotion of health outcomes (Glanz, Rimer and Viswanath, 2014). The 

theory that a lack of awareness underlies suboptimal health practices has been at the root of public 

health campaigns for decades. For example, behavior change communication campaigns from infant 

and young child feeding (Baker et al., 2013), to community led total sanitation (Sigler, Mahmoudi and 

Graham, 2015), to growth monitoring and promotion (Griffiths, Dickin and Favin, 1996; Ashworth, 

Shrimpton and Jamil, 2008) provide examples of programs designed to improve knowledge and 

change attitudes in order to catalyze positive behavior change. Based on the Health Belief Model, if 

health campaigns attempt to influence behaviors without understanding underlying perceptions—of 

susceptibility, severity, benefits, and barriers—their efforts could fail to result in the desired behavior 

change (Janz and Becker, 1984). Thus, understanding caregivers’ perceptions of their child’s linear 

growth might be a critical input for campaigns designed to improve nutrition behaviors.  
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In contrast, parental perceptions of child’s weight in the context of overweight and obesity 

prevention and treatment in high-income settings has been explored extensively. A meta-analysis of 

69 articles on this topic found that 50.7% of parents (95% confidence interval 31.1%–70.2%) 

underestimated the weight of their child who was overweight or obese, and found that the child’s 

age and BMI were significant moderators of this effect (Lundahl, Kidwell and Nelson, 2014b). 

Among the 52 studies examining perceptions among parents of children with a normal weight, 

14.3% (95% CI: 11.7%–17.4%) underestimated their child’s weight, with significant moderators of 

this relationship including child gender, parental weight, and method of assessment (visual versus 

nonvisual). Other research has observed that higher regional prevalence of obesity over time was 

associated with a higher misperception of their child’s weight status referred to as: “what is common 

becomes normal” (Binkin et al., 2013).  

Although less research has explored misperceptions of undernutrition, a meta-analysis of 

thirty-seven articles investigating parental perceptions of underweight found that approximately half 

of the parents of underweight children perceived their children as normal weight (Lundahl, Kidwell 

and Nelson, 2014a). Parental misperceptions of children’s underweight status were higher in states 

with higher rates of obesity (for studies from the United States) and for studies that used visual 

assessment method (compared to a Likert scale), while misperceptions were lower among studies 

that had a higher proportion of overweight parents in the sample. 

While underestimates of weight are common for children with overweight or obesity and 

overestimates are common for children with underweight, to our knowledge, no literature has 

explored the accuracy of parental perceptions of children’s growth in LMICs to date. Do parents 

tend to underestimate height regardless of the child’s height, or do they underestimate the presence 

of a problem? Moreover, the question of whether “what is common becomes normal” applies in 
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different nutritional contexts, in particular those where faltering growth is common, remains 

unanswered.  

 This analysis aimed to fill the gap in knowledge surrounding growth perceptions in low-

income settings by analyzing a unique dataset that quantified caregivers’ perceptions of their child’s 

height in a survey from rural Ethiopia. This paper seeks to achieve three objectives: 1) assess 

caregivers’ perceptions of their child’s height; 2) investigate whether there is a discrepancy between 

children’s actual height and caregivers’ perceptions of children’s height; and 3) examine the factors 

that influence overestimation of a child’s height, including the role of the average height in the 

community.  

Methods 

Data 

Our analysis used a dataset from a project in Ethiopia titled: “Translating Adoption of 

Improved Varieties (Quality Protein Maize) into Nutritional Impact in Rural Ethiopia.” This study 

was an impact evaluation of an intervention designed to promote the adoption, as well as the 

adoption and consumption, of quality protein maize (QPM), a biofortified crop (registered through 

the AEA RCT as AEARCTR # 0000786). The trial was conducted in the Oromia region of 

Ethiopia, and the full study protocol has been previously published (Tessema et al., 2016).  

As part of this study, data were collected through questionnaires administered to caregivers 

during home visits at the baseline (July-August, 2015), midline (February-March, 2016), and endline 

(June-July, 2016) evaluations of the intervention. Woman caregivers were asked several questions 

related to their perceptions of the growth and health of their children who were 6-35 months old at 

enrollment (the index child). In over 97% of cases, the woman caregiver interviewed was the 

biological mother of the index child. Child anthropometry data were collected at baseline and 

endline, using height/length boards and electronic scales based on UNICEF standard procedures.  
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Statistical Methods 

The analyses described in the following section used the baseline survey data from all three 

treatment arms to examine caregivers’ perceptions of their child’s height. Analysis of the relative 

weight-for-age rankings have been included in the Appendix of this paper, and followed the same 

procedures outlined below, but using weight in place of height.   

To address the first objective of assessing caregivers’ perceptions of their child’s linear 

growth, we used a survey question asked of woman caregivers about both the height and weight (as 

separate questions) of the index child: “Please rate NAME’s height/weight, compared to other children 

his/her age, on a scale from 1 to 10, where 1 means NAME is shorter/lighter than all of the other children his/her 

age in the village, and 10 means NAME is taller/heavier than all other children his/her age in the village.” These 

data are presented graphically on their original scale from 1 to 10.  

To address our second objective of investigating a discrepancy between caregivers’ 

perceptions and actual child growth, we compared children’s actual height-for-age z-scores with 

caregivers’ rankings. First, caregivers’ rankings of their child’s height on a scale from 1 to 10 were 

converted to z-scores as follows.  

We assumed that caregivers conceptualized the height scale based on percentiles, such that 

each ranking represents one-tenth of children in the population. To develop z-scores corresponding 

to the percentiles of caregivers’ rankings, we calculated the month-specific medians and standard 

deviations of height from the Ethiopian 2016 Demographic and Health Surveys (DHS) data 

collected in the Oromia region for individuals residing in rural areas. DHS sampling weights were 

applied to calculate the standard deviations. The z-scores of the local population were calculated for 

each child in the DHS using the formula: !"#$ = &'	)*+,
-*+,

, where . = an individual child’s height, 

/"#$  = the median month-specific height in the DHS data, and 0"#$ = the standard deviation of 

the month-specific height in the DHS data. These z-scores were used to develop month-specific 
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height-for-age percentiles at the midpoint of each interval of 10, so that the percentiles could be 

assigned to each height ranking. For example, for a ranking of 1, !123425627	894:8  = the z-score of the 

child at the 5th percentile in the DHS data, a ranking of 2=the z-score of the child at the 15th 

percentile, etc., 9=85th, and 10=95th.  

We defined children’s actual z-scores based on the local population as: !894:8 = &'	)*+,
-*+,

, 

where . = an individual child’s height, /"#$  = the median month-specific height from the DHS 

data, and 0"#$ = the standard deviation of the month-specific height from the DHS data.  

Although caregivers were asked to rank their child’s height compared to other children their 

age in the village, we also investigated how these rankings compared to the WHO growth curves in 

order to illustrate the gap between parents’ understanding of their child’s growth and optimal 

growth from a public health perspective. To assess how caregivers’ rankings compared to the WHO 

distribution, we assigned a z-score to each ranking based on the percentiles in a standard normal 

distribution, such that !123425627	;#< for a height ranking of 1=the z-score of the 5th percentile in a 

normal distribution, 2=15th, etc., 9=85th, and 10=95th. These perceived height-for-age z-scores were 

then compared to children’s actual height-for-age z-scores based on the 2006 international WHO 

growth standards (WHO Multicentre Growth Reference Study Group, 2006). The WHO z-scores 

are based on the standard formula: !;#< = &'	)=+>
-=+>

.  

For both the z-scores based on the local and WHO distributions, we estimated the absolute 

difference in the perceived and actual z-scores, such that:  

?894:8 = 	 !123425627	894:8 − 	!894:8 ; and ?;#< = 	 !123425627	;#< −	!;#< . We displayed the 

distribution of ?894:8  and ?;#< graphically to illustrate the magnitude of the difference between the 

perceived and actual distributions.  
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We categorized the differences between actual and perceived rankings as an underestimation, 

a correct estimation, or an overestimation as follows: 

1) ?894:8  or ?;#<	 < −1 =	  underestimate of height-for-age 

2) −1	 ≤ ?894:8 or ?;#< ≤ 1 = within the margin of correctness of height-for-age 

3) ?894:8  or ?;#< > 1 = overestimate of height-for-age 

Based on the premise that an overestimation of a child’s height might be associated with an 

inadequate understanding of nutritional risk, we developed a binary indicator for overestimation 

defined as 1 if ?894:8  or ?;#< > 1, or zero if their estimate was categorized as an underestimate or 

within the margin of correctness. We then categorized underestimation, correct estimation, and 

overestimation by a child’s categorical nutritional status, which was defined as either a normal HAZ 

(!;#<  ³ -1), mild stunting ( -2 £ !;#<  < -1), or moderate/severe stunting (!;#< < -2). Although 

the WHO defines stunting as a z-score <-2, we applied this broader definition in order to capture a 

wider range of children, since the consequences of growth faltering happen across a continuum 

(Black et al., 2008; Stevens et al., 2012).  

To investigate the factors associated with overestimation of a child’s height, we defined 

overestimation of height-for-age as a binary outcome, based on both the local and WHO z-scores. 

We calculated risk ratios for overestimation using log binomial regressions with a Poisson 

distribution to overcome issues of non-convergence, with standard errors clustered at the women’s 

group (the sample cluster) level. Both bivariate and multivariate regressions are presented in the 

following section. 

The multivariate regressions included a set of household, caregiver, and child-level control 

variables, described as follows. We developed eight binary household wealth indicators, including: 

having a radio, a high-quality roof, electricity, an improved water source, an improved floor, an ox 

plough, a latrine, and improved walls. We then created a binary variable for whether an individual 
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was above or below the median wealth score, based on the raw score of a principal component 

analysis of these eight variables. We created a binary variable equal to one if a household was food 

insecure, based on whether they answered affirmatively to any of eight yes or no questions about 

experiencing food insecurity in the previous three months. Additional demographic characteristics 

included in our analyses were: the number of household members ages 6-59 months; the woman 

caregiver’s age; whether the woman caregiver’s BMI was <18.5 (meaning she was underweight); 

whether she had ever attended school; whether she had accessed health extension services last year; 

age of the index child in months; whether the index child was female; and a categorical variable for 

whether the index child had a normal HAZ, mild stunting, or moderate/severe stunting. To test 

whether local averages of HAZ drive caregivers’ perceptions of their own child’s relative height (i.e. 

the “what is common becomes normal” hypothesis), we also included a variable for the median 

HAZ in the household’s kebele. This median was calculated at the individual level, such that it 

excluded each individual child’s HAZ. 

This set of covariates was chosen based on factors we expected to be associated with woman 

caregivers’ perceptions of their child’s nutritional status, based on our review of the literature. The 

age, sex, and undernutrition status were included because they were most likely to be related from a 

biological standpoint, while the remaining variables were hypothesized to be associated with 

perceptions for reasons related to the household’s socioeconomic status, including wealth, access to 

health services, access to food, and educational attainment. A binary category indicating a missing 

value was added for categorical variables in cases where observations were missing. This included 

seven observations for the household wealth score and its eight underlying variables, and 66 

observations for caregiver BMI. Four observations were dropped from the analysis because they had 

missing height-for-age measures, resulting in a final analytic sample of 808 children.  
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Results 

Table 3.1 presents descriptive statistics of our study sample of 808 caregiver-child pairs. The 

average household size in this sample was 6.2 (SD 2.0). Nearly 40% of women were categorized as 

underweight, and only about 34% had ever attended school. About 56% of caregivers accessed 

health extension services in the previous year. The prevalence of child undernutrition in this sample 

was substantial, with over 30% of children classified as stunted, and nearly 15% classified as 

underweight. 
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Table 3.1: Sample characteristics 

    Total 
  N=808 
Wealth indicators   

 Has radio 33.6% (269) 
 Has ox plough 90.0% (721) 
 Has electricity  9.0% (72) 
 Has improved water source 68.7% (550) 
 Has latrine 81.4% (652) 
 Has improved floor material  2.0% (16) 
 Has improved wall material 94.4% (756) 
 Has improved roof 56.2% (451) 
 Missing wealth indicators  0.9% (7) 
Household is food insecure  46.2% (373) 
Number of household members   6.2 (2.0) 
Number of household members 6-59 months   1.5 (0.6) 
Female caregiver’s age  28.5 (5.9) 
Body mass index (BMI) of woman caregiver BMI < 18.5 38.4% (310) 
 BMI ³ 18.5 53.5% (432) 
 Missing BMI  8.2% (66) 
Woman caregiver ever attended school  33.7% (272) 
Woman caregiver accessed health extension 
last year  

 55.9% (452) 

Height-for-age z-score of index child  -1.3 (1.4) 
 HAZ ³ -1 (not stunted) 39.2% (317) 
 -2 £ HAZ < -1 (mild stunting) 30.6% (247) 
 HAZ < -2 (moderate/severe stunting) 30.2% (244) 
Weight-for-age z-score of index child  -0.9 (1.1) 
 WAZ ³ -1 (not underweight) 53.6% (433) 
 -2 £ WAZ < -1 (mild underweight) 31.6% (255) 
 WAZ <-2 (moderate/severe underweight) 14.9% (120) 
Weight-for-height z-score of index child  -0.34 (1.04) 
 WHZ ³ -1 (not wasted) 82.0% (616) 
 -2 £ WHZ < -1 (mild wasting) 12.5% (94) 
 WHZ < -2 (moderate/severe wasting)  5.5% (41) 
Index child's age in months  19.8 (8.4) 
Index child is female  47.5% (384) 
Data are presented as mean (SD) for continuous measures, and % (n) for categorical measures. BMI= Body 
Mass Index 

 
 Figure 3.1 shows the distribution of caregivers’ relative rankings of their child’s height, 

relative to other children their age in the village. The distribution is left-skewed; 12% ranked their 

child below the median, 43% as the median, and 45% above the median.  Twenty-three percent 

ranked their child in the top 10th percentile, and 7% ranked their child in the bottom 10th percentile.  
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Figure 3.1: Caregivers' relative height ranking of the index child compared to other children 
their age in the village 

  
Figure 3.2: Histograms showing height-for-age distributions based on both the WHO and local 
distributions 

 Figure 3.2 presents the distributions of the height-for-age z-scores in our sample, calculated 

using both the WHO and local (DHS) distributions. The z-scores in our sample population were 

fairly normally distributed around the mean of the DHS sample. As expected, the entire distribution 

is shifted to the left when we used the WHO reference population to calculate HAZ, indicating the 

high degree of undernutrition in this sample.  

0
10

20
30

40
Pe

rc
en

t

1 2 3 4 5 6 7 8 9 10
Ranking from 1-10

How would you rank [IC's] height relative
to other children their age in the village?

0
50

10
0

15
0

Fr
eq

ue
nc

y

-7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 6 7

HAZ, WHO distribution HAZ, local distribution

Histograms of height-for-age z-scores,
caulculated using both the WHO and local distributions



 
 

 76 

Figure 3.3 displays the distribution of the difference between perceived height-for-age z-

scores and actual z-scores. The red region shows the proportion of caregivers who overestimated 

their child’s height, the blue region shows those who underestimated their child’s height, and the 

beige region represents rankings that were within the margin of correctness of plus or minus one 

standard deviation from their child’s actual z-score. A greater proportion of woman caregivers 

overestimated their child’s HAZ (37%) than did underestimate it (17%), and 46% of respondents 

estimated their child’s HAZ within one standard deviation of accuracy. The bar chart on the right-

hand side of Figure 3.3 disaggregates women’s overestimations by the index child’s nutritional status. 

Caregivers of children experiencing mild or moderate/severe stunting were much more likely to 

overestimate their child’s height (51%) and much less likely to underestimate it (7%), compared to 

caregivers of children who were not stunted, for whom 29% overestimated and 30% 

underestimated. 

 
Figure 3.3: Difference in height-for-age perceived and actual z-scores by undernutrition status, 
local distribution 

 

17.2% 45.7% 37.1%

0
10

20
30

40
Fr

eq
ue

nc
y

-7 -6 -5 -4 -3 -2 -1 1 2 3 4 5 6 70
Difference in z-scores, perceived - actual

Underestimate Overestimate
Margin of correctness

Difference between caregiver's perceived and
child's actual (local) height-for-age

51.2
41.8

7.0

34.0
55.5

10.5

28.7
41.0

30.3

0 20 40 60 80 100
Percent

Moderate/severe stunting

Mild stunting

Not stunted

Caregiver overestimation of height-for-age
by severity of undernutrition, based on local distribution

Underestimate Margin of correctness
Overestimate



 
 

 77 

  
Figure 3.4: Difference in height-for-age perceived and actual z-scores by undernutrition status, 
based on WHO distribution 

Figure 3.4 shows distributions using the same structure, but the differences between 

perceived and actual height-for-age z-scores were based on the WHO distribution rather than the 

DHS distribution. Although caregivers were asked explicitly to compare their children to other 

children their age in the village, we include a comparison with the WHO standards to illustrate the 

discrepancy between local and global standards. When comparing caregivers’ perceptions to the 

WHO standard, overestimation was much more pronounced; 69% of caregivers overestimated their 

child’s height, while only 5% underestimated their child’s height, and 26% were within the margin of 

correctness. Among children who were moderately or severely stunted, 96% of caregivers 

overestimated their child’s height, and among children who were mildly stunted, 87% overestimated. 

Relative to children who were stunted, caregivers of children with a normal HAZ were much less 

likely to overestimate their child’s height, which occurred in 35% of cases. Underestimation 

occurred exclusively for children who had a normal HAZ.  
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Figure 3.5: Predictors of overestimation of height-for-age in bivariate and multivariate models, 
based on the WHO and DHS Distributions 

Figure 3.5 presents the results of regressions predicting caregivers’ overestimation of HAZ, 

displaying risk ratios (RR) and 95% confidence intervals (CI). We estimated both bivariate (adjusted 

for clustering) and multivariate (adjusted for clustering and all variables shown simultaneously) 

models for overestimation based on the WHO and local distributions.  

For both the local and WHO models, we did not observe any statistically significant 

associations with most demographic variables in in the adjusted analyses, including wealth, food 

insecurity, number of household members, female caregiver’s age, BMI of the female caregiver, 

number of children 6-59 months of age in the household, and whether the female caregiver accessed 

health extension last year. For the WHO distribution, whether the caregiver had ever attended 

school increased the risk of overestimation in the adjusted model by about 15% (95% CI: 1.03 - 

1.29), even though we expected education to increase the accuracy of perceptions. We did not 

observe this same association for the local distribution results.  For both the WHO and local 
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models, we found a small association between a child’s age in months and overestimation of HAZ, 

which was negative for the local distribution adjusted model but positive for the bivariate and 

multivariate WHO distribution models. This may be due to the fact that z-scores decreased by age 

relative to the WHO reference population in our sample, while they improved by age relative to the 

DHS distribution. For the local distribution models, caregivers were more likely to overestimate the 

child’s height, if the index child was female; this was also true in the unadjusted WHO model, but 

not the adjusted WHO model.  

The strongest predictor of caregivers’ overestimation of HAZ in both the WHO and local 

models was the child’s undernutrition status. In the multivariate model based on the local 

distribution, caregivers of children with mild stunting were 1.3-times (95% CI: 1.02 – 1.65) more 

likely to overestimate HAZ, and caregivers of children with moderate/severe stunting were 2.0-

times more likely to overestimate (95% CI: 1.57 – 2.50). For the multivariate WHO model, 

caregivers of children with mild stunting or moderate/severe stunting were 2.4-times (95% CI: 2.02 

– 2.79) and 2.6-times (95% CI: 2.20 – 3.01) more likely to overestimate HAZ, respectively. In 

summary, caregivers were much more likely to overestimate their child’s HAZ when the child was 

mildly stunted, and to an ever greater degree when they were moderately or severely stunted.  

We were also interested in testing whether the median z-score in the village was driving a 

caregiver’s overestimation of the index child’s height. As Figure 3.5 shows, we did not observe any 

relationship between overestimation of HAZ and the median HAZ in the village. This suggests that, 

even though caregivers were asked to rank their child’s height relative to other children their age in 

the village, their overestimation of height is independent of other children’s height in the village, even 

though we know from Figures 3.3 and 3.4 that caregivers indeed anchored their height rankings on 

the local distribution, on average.  
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The Appendix includes the same set of analyses for weight-for-age instead of height-for-age,  

showing that the patterns we observed for rankings, overestimation, and underestimation of 

weight—both overall and by undernutrition status—were largely similar to those for height.  

Discussion 

This paper provides novel insight into caregivers’ perceptions among rural households in the 

Oromia region of Ethiopia, within an area of literature largely dominated by data from high income 

countries. Our results illustrate that female caregivers systematically overestimated their child’s 

height-for-age. In general, most caregivers thought their child’s height was either average or above 

average as compared to others in their village. When we examined how perceptions compared to the 

local distribution, we found that caregivers were much more likely to overestimate their child’s 

height-for age than they were to underestimate it, and almost half accurately predicted it. When 

comparing these assessments to the WHO distribution, we observed a substantial increase in the 

degree of overestimation, highlighting the substantial nutritional deficit in this population.  

Despite the fact that caregivers accurately estimated their child’s relative height almost half 

of the time based on the local distribution, we observed a systematic overestimation based on the 

child’s undernutrition status. For both the local- and WHO-based distributions, as a child’s actual 

undernutrition status worsened as measured by mild or moderate/severe stunting, caregivers were 

much more likely to overestimate their child’s height. This might be expected, since a higher HAZ 

meant there was less room on the scale from 1-10 for overestimation, and it suggests a positive 

relationship between actual height-for-age and height-ranking. Our results could also be driven by 

the fact that approximately 40% of respondents ranked their child as the median score of 5. We are 

unable to tell whether this is a feature of the survey question being difficult to answer or understand, 

or whether caregivers actually perceive their child’s height as average. Because about one-third of 

children in this sample were stunted, this tendency could lead to the high degree of overestimation 
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among the caregivers of these children. Whatever the underlying factors may be, our results do 

indicate a that a higher degree of growth faltering was associated with overestimation.  

One potential driver of the tendency for caregivers of stunted children to overestimate their 

child’s height could be a social desirability for taller, healthier children. In research from high income 

countries, adults generally overreport their height and underreport their weight (Roberts, 1995). 

However, it is unclear whether we would expect to observe the same pattern in a population where 

height is not frequently recorded, and most women have not attended school. Research related to 

the drivers of weight misclassification has found that caregivers may be hesitant to admit their child 

has a low weight because it represents a failure to provide for their child (Jain et al., 2001; Brewis, 

2003). Similarly, a study of parental misperceptions of children’s weight status in China found that 

misclassification was higher among children with the highest BMI, perhaps due to a hesitance to 

recognize an overweight problem (Yao and Hillemeier, 2012). The same trend could potentially be 

true of height, leading to higher overestimation of height for children experiencing stunting. This 

phenomenon could potentially be harmful, since children with lower z-scores face the greatest 

nutrition and health risk. Given the fact that more than 60% of children in our sample were 

classified as either mildly, moderately, or severely stunted, an underestimation of the problem could 

be detrimental to health, especially if it translates to insufficient nutritional intervention. Unlike 

previous studies, we did not observe a statistically significant relationship between the average HAZ 

in the village and caregivers’ overestimation of HAZ. This may be because the communities in our 

study uniformly experienced high rates of growth faltering, limiting the variation across 

communities. 

We find that demographic characteristics—wealth, food security, household size, number of 

young children in the house, caregiver’s age, and caregiver’s nutritional status—did not drive 

overestimation in multivariate analyses. This suggests that unlike many other health behaviors which 
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vary substantially by socio-economic status, perceptions of growth may not be as closely linked to 

socio-economic status. This is consistent with findings from meta-analyses of perceptions in high-

income countries (Lundahl, Kidwell and Nelson, 2014a). We expected that the comparison using the 

WHO distribution would measure a different phenomenon from the local distribution—one that 

would be influenced by a caregiver’s knowledge of growth standards. However, we saw a positive 

relationship between caregivers’ education and overestimation, and no relationship between 

accessing health extension services and overestimation. For the comparison to the local population, 

we also found that overestimation was more likely for female index children. This is supported by 

previous work from Sub-Saharan Africa that showed lower reporting of child illness for girls 

compared to boys, which was also associated with higher infant mortality for girls (Rockers and 

McConnell, 2017). Another interpretation is that social desirability bias related to attaining a higher 

height and other sociocultural factors may be driving the overestimation of height.  

There is very little research from Ethiopia to explain caregivers’ perceptions of height, 

though qualitative evidence from Tanzania suggests that short stature was thought to be 

deterministic, and not something that caregivers could influence (cite) with respondents citing 

height, mature-looking face/skin, stunted IQ, thinness, illness, delayed walking, and copper-colored 

hair as indicators of stunting. It is also possible that in Ethiopia, height is not as well recognized as a 

nutritional issue as weight, especially given the emphasis on weight in Growth Monitoring and 

Promotion (GMP) activities. GMP is practiced in Ethiopia through the health extension system, and 

includes tracking on growth curves for weight but not height (Bilal et al., 2014). Qualitative research 

from Southern Ethiopia has shown low attendance rates for GMP (about 40%), due to feelings that 

it promotes public shaming, that it involves weighing children like goods, and an overall lack of 

community conversation and counseling that might improve perceptions (Tekle et al., 2019).  
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The results of our study highlight several important policy considerations. First, our findings 

emphasize the substantial gap that must be filled between the actual height distribution of this 

population and that of a healthy population. More than half of caregivers inaccurately assessed their 

child’s height, compared to the local population. This lack of awareness underscores the need for 

improving caregivers’ access to information about child growth. One potential educational tool 

would be the addition of height to child growth monitoring charts at home, which currently only 

include weight. Community health workers could explain the implications of these numbers to 

caregivers during household visits to spark conversation and awareness related to child growth. In 

addition, village-level growth monitoring and promotion should be modified to include height, and 

should be fully integrated into routine child health visits and health extension services. Previous 

work has found that home-based and community-based growth monitoring that includes height 

might be effective for improving linear growth and parental feeding behaviors among children who 

were stunted (Fink et al., 2017). Based on research describing the limitations of GMP (Roberfroid et 

al., 2005), major improvements are needed in the design, delivery, and social acceptability of current 

programs in order to improve their desired impact on identifying children in need of nutritional 

intervention. Although addressing misperceptions alone is insufficient for reducing undernutrition, it 

might represent one important component of multisectoral nutrition programs that simultaneously 

address behavior change, access to resources, and other barriers to improved nutrition.  

This study had several limitations. As an observational analysis, these results are subject to 

confounding. Although we adjusted for a number of confounders in our multivariate models, there 

is always the possibility of residual confounding. Moreover, it is possible that our variable describing 

caregivers’ perceptions on a scale from 1-10 suffered from non-differential measurement error due 

to a poor understanding of the survey question, especially in a population with low literacy and 

numeracy. Lastly, it is possible that caregivers’ perceptions were driven by social desirability rather 
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than by their true estimations of their child’s height. Although we observed a positive relationship 

between perceived and actual height-for-age z-scores, our results should be interpreted as driven by 

a combination of true perceptions and social desirability. 

Our study also benefits from several notable strengths. First, this paper investigates the 

novel area of the accuracy of female perceptions of their child’s height, using a novel type of survey 

question and methodology. In addition, we addressed measurement error related to 

misinterpretation of the height ranking scale by adjusting for factors we expected were associated 

with differential interpretations in our multivariate model, like education and wealth. Our 

classification of overestimation was highly conservative in order to account for potential 

measurement error, since we allowed for a margin of error of +/- 1 standard deviation. We also 

used a broader definition of stunting than the WHO definition, in order to include children who are 

suffering from the complications of growth faltering, but who would not be captured by the 

standard classification.   

Conclusion 

The results of our analysis shed light on an understudied issue—how caregivers perceive 

their children’s linear growth. Future studies could investigate how caregivers perceive their child’s 

height relative to an ideal or global standard. In addition, more research is needed to explore the link 

between attitudes, perceptions, and behaviors related to child nutrition in LMICs. Future research 

would benefit from experimental designs that aim to change perceptions, and assess those 

perceptions both before and after a nutrition intervention in order to provide a causal link between 

perception and behavior.  
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Paper Appendices 

Paper 1 Appendix 

Appendix Table 1.1: Effect of the ACGG intervention on height-for-age z-scores, weight-for-height z-scores and weight-for-age z-
scores at midline and endline stratified by baseline child age, sex, and chicken management score 

 
Midline  Endline  

  Adjusted Mean Difference 
(95% CI) 

p-value for effect 
modification 

Adjusted Mean 
Difference (95% CI) 

p-value for effect 
modification 

HAZ by baseline child age          
0-12 months -0.10 (-0.48, 0.28) 0.11 0.07 (-0.51, 0.66) 0.53 
12-24 months -0.05 (-0.45, 0.34) . 0.45 (0.11, 0.78) . 
24-36 months 0.24 (-0.16, 0.64) . 0.19 (-0.17, 0.55) . 
HAZ by baseline chicken management score         
Low score 0.00 (-0.34, 0.34) 0.67 0.25 (-0.12, 0.63) 0.48 
High score 0.06 (-0.28, 0.41)  . 0.24 (-0.06, 0.53) . 
HAZ by sex 

    

Boys 0.05 (-0.29, 0.40) 0.96 0.24 (-0.06, 0.53) 0.98 
Girls 0.01 (-0.33, 0.36)   . 0.26 (-0.08, 0.60) . 
WHZ by baseline child age          
0-12 months -0.30 (-0.66, 0.06) 0.23 -0.18 (-0.59, 0.22) 0.43 
12-24 months 0.09 (-0.34, 0.51) . -0.01 (-0.43, 0.41) . 
24-36 months -0.06 (-0.41, -0.28) . 0.09 (-0.28, 0.45) . 
WHZ by baseline chicken management score     
Low score -0.11 (-0.46, 0.25) 0.83 -0.12 (-0.43, 0.20) 0.27 
High score -0.08 (-0.41, 0.25) . 0.02 (-0.29, 0.32) . 
WHZ by sex     
Boys -0.15 (-0.48, 0.18) 0.82 0.04 (-0.24, 0.32) 0.31 
Girls -0.03 (-0.37, 0.32) . -0.09 (-0.40, 0.22) . 
WAZ by age at baseline         
0-12 months -0.14 (-0.42, 0.15) 0.31 0.06 (-0.32, 0.45) 0.49 
12-24 months 0.11 (-0.20, 0.43) . 0.31 (0.00, 0.61) . 
24-36 months 0.11 (-0.21, 0.44) . 0.13 (-0.13, 0.38) . 
WAZ by baseline chicken management score     
Low score 0.01 (-0.29, 0.31) 0.84 0.13 (-0.15, 0.41) 0.73 
High score 0.07 (-0.23, 0.37) . 0.18 (-0.08, 0.45) . 
WAZ by sex     
Boys 0.07 (-0.20, 0.34) 0.51 0.26 (0.03, 0.48) 0.09 
Girls 0.00 (-0.25, 0.26)  0.09 (-0.15, 0.34)  
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Appendix Table 1.1 (continued):  
Robust bootstrapped confidence intervals are clustered at the village level in exponentiated form in parentheses. Unadjusted and adjusted analyses adjust for baseline 
value of the z-score. Adjusted regressions include the following baseline variables: age category of child, sex of child, wealth quintiles, number of other livestock, 
number of household members, years of education of mother, maternal age, having improved water, and having improved sanitation. HAZ=height-for-age z-score; 
WHZ=weight-for-height z-score; WAZ=weight-for-age z-score; ACGG=African Chicken Genetic Gains; CI=confidence interval.  
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Appendix Table 1.2: Effect of ACGG intervention on anemia, fever, vomiting, and diarrhea at midline and endline stratified by 
baseline child age, sex, and chicken management score 

  Midline  Midline Endline  Endline 
  Adjusted Risk 

Ratio (95% CI) 
p-value for effect 

modification 
Adjusted Risk 
Ratio (95% CI) 

p-value for effect 
modification 

Anemia status by age at baseline - -     
0-12 months - - 1.11 (0.78, 1.57) 0.67 
12-24 months - - 1.02 (0.67, 1.57) . 
24-36 months - - 1.43 (0.78, 2.61) . 
Anemia status by baseline chicken management score - -     
Low score - - 1.23 (0.89, 1.68) 0.56 
High score - - 1.09 (0.75, 1.58) . 
Anemia status by sex - -   
Boys - - 1.08 (0.71, 1.64) 0.59 
Girls - - 1.22 (0.83, 1.80) . 
Fever by age at baseline         
0-12 months 0.93 (0.52, 1.68) 0.28 1.19 (0.60, 2.36) 0.20 
12-24 months 0.80 (0.41, 1.58) . 0.58 (0.29, 1.16) . 
24-36 months 1.46 (0.86, 2.48) . 1.03 (0.19, 5.57) . 
Fever by baseline chicken management score      
Low score 0.97 (0.57, 1.65) 0.67 1.02 (0.52, 2.01) 0.64 
High score 1.13 (0.73, 1.75) . 0.81 (0.40, 1.61) . 
Fever by sex     
Boys 1.02 (0.64, 1.63) 0.98 0.83 (0.48, 1.44) 0.78 
Girls 1.03 (0.69, 1.53) . 0.94 (0.47, 1.86) . 
Vomiting by age at baseline       
0-12 months 1.31 (0.52, 3.32) 0.97 1.67 (0.65, 4.28) 0.89 
12-24 months 1.38 (0.04, 46.67) . 0.37 (0.00, 108.80) . 
24-36 months 1.69 (0.15, 19.35) . 1.40 (0.02, 90.37) . 
Vomiting by baseline chicken management score     
Low score 1.36 (0.56, 3.32) 0.98 1.71 (0.83, 3.51) 0.42 
High score 1.38 (0.56, 3.40) . 0.57 (0.09, 3.59) . 
Vomiting by sex     
Boys 1.67 (0.72, 3.90) 0.56 1.28 (0.51, 3.20) 0.44 
Girls 1.24 (0.60, 2.56) . 0.79 (0.28, 2.20) . 
Diarrhea by age at baseline     
0-12 months 1.01 (0.48, 2.09) 0.67 1.27 (0.53, 3.01) 0.96 
12-24 months 0.45 (0.18, 1.11) . 1.10 (0.39, 3.16) . 
24-36 months 1.24 (0.01, 105.03) . 1.74 (0.06, 49.92) . 
Diarrhea by baseline chicken management score     
Low score 0.83 (0.38, 1.79) 0.90 1.73 (0.77, 3.90) 0.32 
High score 0.78 (0.45, 1.36) . 0.99 (0.36, 2.72) . 
Diarrhea by sex     
Boys 0.51 (0.11, 2.34) 0.10 1.48 (0.70, 3.15) 0.60 
Girls 1.21 (0.66, 2.24) . 1.16 (0.55, 2.47) . 
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Appendix Table 1.2 (continued):  
Robust bootstrapped confidence intervals are clustered at the village level in exponentiated form in parentheses. Unadjusted and adjusted analyses adjust for baseline 
value of the z-score. Adjusted regressions include the following baseline variables: age category of child, sex of child, wealth quintiles, number of other livestock, 
number of household members, years of education of mother, maternal age, having improved water, and having improved sanitation. Anemia data were not collected 
at midline. Child anemia was defined as a hemoglobin value less than 11 g/dl, after adjusting for altitude. ACGG=African Chicken Genetic Gains; CI=confidence 
interval. 
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Paper 2 Appendix 

Appendix Table 2.1: Codebook for Women’s In-depth Interviews 

Name Description Files References 

Gender Gender relations/dynamics intrahousehold or in the 
community 

9 15 

Decisions Who makes decisions in the household 3 4 

Roles Describes certain activities to be "men's" or "women's" 8 11 

Help Help with household and farm/livestock work  18 117 

Family Other family members helping out 4 7 

Husband References specifically to the husband’s help and the 
nature of that help 

16 72 

Chickens Husband helps with the chickens 9 14 

Childcare Husband holds the baby, plays with the baby, watches 
baby, washes the baby, takes the baby to health 
appointments, takes care of the baby when sick, feeds 
the baby 

11 16 

Chores Husband brings water, fire, washing clothes, or does 
other household chores 

4 7 

Expand Husband or wife mention husband would do other 
tasks to expand his roles 

4 5 

None Does not receive help from others 9 14 

Older kids Reference to older kids helping out 11 19 

Management Discussion of chicken management practices 18 450 

Air A reference to chickens needing air/space to run 
around 

7 9 

Conflict Raising conflict (i.e. with neighbors) with respect to 
management 

2 3 

Dirty Dirtiness as negative aspect of chickens 13 24 

Unpleasant Unpleasantness with respect to chicken management 
practices 

2 3 

Disease Chicken death or disease as a challenge to raising 
chickens 

12 23 

Feed How the requirement for feed influences management 
practices, or as a struggle for chicken production 

10 19 

Location Location of poultry housing or where poultry hang out 18 215 

Coop Any text referring to a coop used for keeping poultry 17 71 

Corral Animal (chicken or livestock) corral) 11 16 

House Animals being in the main house 14 42 
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Appendix Table 2.1 (continued) 

Night Nighttime, including where the chickens spend the 
night, roost, sleep 

18 44 

Roam Chickens roaming 17 32 

Meds Vaccine or medicine as a challenge to chicken 
production 

6 7 

Mess up Chickens messing up crops/storage/yard/neighbor's 
yard in relation to a management practice 

9 16 

Predator Chickens being predated, or concerns of chickens 
being lost to predators  

14 34 

Protect Protecting chickens 13 22 

Separate Separating animals from humans and the home/things 
in the home with respect to management practices 

18 58 

Smell The smell of chickens with respect to management 10 15 

Theft Protecting chickens from theft/concerns about theft 3 5 

Modifiers Things that modify child/chicken relationships 18 222 

Livestock Productive animals not including chickens 18 71 

Modern Mentioning living a modern lifestyle 2 3 

Money Money/finance/assets of lack thereof 14 42 

Program An individual from a program/govt/NGO/health 
worker 

10 19 

Season Seasonality in agricultural production, human or animal 
health, income fluctuation 

11 27 

Time Time allocation/use, lack of time 17 60 

Nutrition General mention of nutrition 18 198 

Child nut The child’s nutrition 17 95 

Growth The role of nutrition in child growth 12 17 

Diverse Diversity of diet 9 13 

Eggs If they mention eggs for child nut 16 44 

Fasting Fasting of child/others 2 4 

Knowledge Having/not having knowledge of nutrition or health, 
or desire to expand knowledge of nutrition/health, or 
lack of knowledge as a barrier 

5 5 

Meat Meat for child nutrition 10 15 

WASH Water, sanitation and hygiene  18 283 

Cleaning Cleaning up in general, sweeping up the yard, etc. 15 43 

Flies Flies as an aspect of cleanliness or WASH 9 18 
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Appendix Table 2.1 (continued) 

Food Any mention of food with respect to being 
clean/unclean/contaminated 

11 33 

Health The health aspects/consequences of WASH 16 68 

Interact Humans and chickens interacting/playing/touching 
seen as unclean 

18 31 

Poop Any reference to chicken poop/feces w.r.t. cleanliness 17 44 

Waste Role of waste in cleanliness 12 27 
Child codes are indented under higher level parent codes. The columns are as follows: “Name” is the name of the code; 
“description” refers to the definition of the code used for coding purposes; “Files” refers to the number of separate 
transcripts (out of 18) in which the code was mentioned; “References” refers to the total number of times that the code 
was mentioned throughout all text.    
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Paper 3 Appendix  

 
Appendix Figure 3.1: Caregivers' relative weight rankings of the index child compared to other 
children their age in the village 

 

 
Appendix Figure 3.2: Histograms showing weight-for-age distributions, based on both the WHO 
and local distribution 
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Appendix Figure 3.3: Difference in weight-for-age perceived and actual z-scores by underweight 
status, local distribution 

 

 
Appendix Figure 3.4: Difference in weight-for-age perceived and actual z-scores by 
undernutrition status, WHO distribution 
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Appendix Figure 3.5: Predictors of overestimation of weight-for-age in bivariate and 
multivariate models, based on the WHO and local Distributions 

 

Appendix Table 3.1: Correlations between actual height and weight measures and caregivers' 
perceptions of height and weight 

 Height ranking Weight ranking HAZ WAZ 
Height ranking 1.00    
Weight ranking 0.30 1.00   

HAZ 0.19 0.20 1.00  
WAZ 0.24 0.35 0.72 1.00 
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