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The Conflict and Development Foundation and the Center on Conflict and Development at Texas A&M 

University are pleased to collaborate with Lee Voth-Gaeddert of the Missouri University of Science and 

Technology in this project that will produce a novel approach and unique tool to improve access to 

information on food security and water, sanitation and hygiene issues in marginalized communities in 

Guatemala. 

 

January 12, 2017 – Project Report for December 2016 

 

Project Title: The Stabilization of Marginalized Communities in Guatemala via Food and 

Nutrition Security on Child Stunting: Employing Systems Thinking Tools 
 

Project Summary:  

 

The project, conducted by Principal Investigator Lee Voth-Gaeddert of the University of 

Missouri, utilizes a systems analysis, multi-methods approach to identify key areas for 

interventions in the complex system of causal factors to child malnutrition (stunting) to attain the 

largest return on investment for marginalized communities. The investigation contains three 

parts; 1) use of machine learning algorithms and three regionally representative datasets to 

identify potential causal factors related to child stunting, 2) the execution of a field study to test 

these trends including DNA sequencing of fecal samples and levels of mycotoxins in maize, and 

3) developing a systems dynamics model to test confirmed casual factors with different 

hypothetical policy or program interventions. The study aims to improve access to information to 

marginalized communities as well as the US Missions’ ability to reduce child stunting and 

subsequently improve intellectual potential.  

 

December Work 

 

With the first round of field work complete, much of December was spent in the lab, testing 

samples, building models, analyzing data and sharpening hypotheses and the tool. The network 

analysis utilizing correlation algorithms was broadened to incorporate analyses of diarrheal 

occurrences (an illness strongly correlated with child stunting) and to a second dataset. This step 

has allowed us to build out two pieces of the complex system where structural equation modeling 

is limited; associated factors to the severity levels of poor child health and the dynamic nature of 
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the causal factors across different age groups. These pieces, in combination with the structural 

equations, will be the basis of the system dynamics model.  

 

The heavy lifting this month was developing and testing structural equation models (as seen to 

the right) with regional data collected previously by USAID from the western highlands. Several 

critical questions were addressed including; what does geographic variation look like in 

associated factors to child stunting and diarrhea; how do significant water, sanitation, and 

hygiene factors change as our interest changes from acute (diarrhea) health problems to chronic 

(stunting) health problems; and how applicable are these models to other data and locations?  

 

For the geographic variation question, initial results show a significant change in associated 

factors as geography changes, even slightly. For example, the two models below are child 

stunting models from Northern Totonicapán and Huehuetenango. The solid, bolded lines indicate 

which relationships were significant in each region and one can also see how indirect or mediate 

relationships change.  

 

 
The left model is from Northern Totonicapán and the right model is from Huehuetenango. Variables include 

mother’s knowledge of pregnancy problems (KnowPregProbs), mother’s height, fungal issues in corn 

(CornDisease), child mycotoxin burden (CMycoB), not having food in the house at least once in the last 30 days 

(NoFood30Days), child diet diversity, environmental enteric dysfunction (EED), use of oral rehydration therapy, 

and height-for-age z-score. Solid arrows are significant relationships, dotted lines show relationships important to 

the overall model/system, and parameter estimates and p-values are given. 

 

When analyzing changes over the acute-to-chronic health spectrum; interesting trends emerge. 

The three models below are WaSH models from San Marcos, but utilize diarrhea, a latent 

indicator, and stunting to demonstrate the acute-to-chronic health spectrum changes in significant 

factors. From this example, the data show a change from sanitation and animal issues to hygiene 

and water treatment issues as one moves from acute over to chronic measures.  
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Models are from San Marcos. Variables include; water source, water treatment, having soap, sanitation type, 

owning an animal pen, height-for-age, body-mass-index, and weight-for-height. Arrows are significant 

relationships; parameter estimates and p-values are also given. 

 

The above models were developed using data from a USAID survey in 2012 and then tested for 

validity with another survey by USAID in the same area, but with a randomized and larger 

sampling population. This analysis showed that as the sample size was increased two to five 

times, the initial significant relationships remained, but others also emerged as important.  

 

Models for both WaSH (diarrhea/environmental enteric dysfunction) and child stunting were 

created based on the available data. As more data is found or collected these models are tested to 

ensure validity. The goal is to provide regionality to our tool so that those policy makers and 

practitioners (municipality or department level) more familiar with local problems, have tailored 

resources to aid them in their decision making.  

 

January brings several pieces into play including utilizing our field data to test and refine the 

models we developed above. Also, we are conducting a cost-benefit analysis for the WaSH 

model in order to identified the highest returns on investments. Finally, a novel model will be 

built around mycotoxin levels in the maize supply, both analyzing effects on children as well as 

transmission routes in the supply chain. With these pieces, our team will be in good position in 

regards to timeline and budget. We thank those who have supported our endeavors in many 

different ways to improving the lives of those in Guatemala.  
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