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Terminology 

SILAIS - Local Systems of Comprehensive Care they are part of the ministry of health (see                

MINSA) 

CHW - Community Healthcare Workers are trained volunteers working to provide basic            

healthcare to rural communities 

SMS - Short Message Service, also known as text messaging  

USSD - Unstructured Supplementary Service Data, it is a communication protocol within GSM             

networks  

GSM - Global System for Mobile Communication 

IP - Internet Protocol, a format of data transfer 

HbA1c - Glycated Hemoglobin. Can be used to determine glucose level and is a measure used to                 

evaluate progression of diabetes. HbA1c < 6.0%: not diabetic, 6.0% < HbA1c < 6.5%:              

pre-diabetic, HbA1c > 6.5%: diabetic 

mHealth - Use of mobile phones or wireless technology in healthcare 

North Caribbean Coast Autonomous Region (RAAN) - The autonomous region in the            

northeast section of Nicaragua. This is where Puerto Cabezas is located.  

Salubrista - Public health worker located in Puerto Cabezas, Nicaragua. There are currently 5              

that are in charge of the ‘Salubrista Network’. (see CHW) 

Salubrista Network -  Local, community based, healthcare network in Puerto Cabezas 

The Nicaraguan Ministry of Health (MINSA) - Directs the central level of healthcare for              

Nicaragua. In charge of funding, health care strategies, distributing health care services, etc. 

World Health Organization (WHO) - Agency within the United Nations concerned with            

public health. 

Health Utility Index (HUI) - A survey based metric that represents patients health 
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Executive Summary  
Abstract. The implementation of mHealth, or mobile health, technologies has become a            
common solution to bridge the gap of healthcare access in developing countries. mHealth has              
significant potential in addressing a lack of access, resource shortages, and improving the             
efficiency of healthcare systems. This is further spurred on by the rapid growth in              
telecommunication and mobile technology in developing countries. Puerto Cabezas, Nicaragua is           
an area where these occurrences are manifesting themselves. In this eastern city, there is a               
continued problem with healthcare access while at the same time, there is a rapid rise in                
telecommunications and mobile phone usage. This creates the perfect storm for implementing            
mHealth technologies in order to bridge the gap of a severely restricted healthcare system and               
the need for healthcare from those living there. Through modeling the current Salubrista             
healthcare network in Puerto Cabezas, we showed how mHealth technologies improved the            
DALY for diabetes by almost 7%, provided an analysis on what mHealth system offers the               
greatest impact on the healthcare system, and designed a strategy for how to implement the               
system. Although this system and implementation focused on benefiting the people who live             
within Puerto Cabezas, this project also addressed the need of diabetic and healthcare strategies              
for Nicaragua as a whole. The results of this project offer a strategic plan that has the potential to                   
be expanded on, and provide inspiration for mHealth methodologies that can influence the             
healthcare network of Nicaragua and developing countries.  

Introduction  
Mobile Health. Mobile health, or mHealth, has emerged as a critical element to support public               
health and clinical care. mHealth can be defined as using mobile phone technologies and devices               
for healthcare services and information (Coppock, 2009). Breaking down mHealth to its most             
basic concept reveals that it is essentially a method of communicating and processing             
information related to healthcare. Thus, mHealth can be incredibly powerful in its different ways              
of delivering and using health information. However, in the context of developing countries,             
mHealth applications fall into six key categories: Education and awareness, remote data            
collection, remote monitoring, communication and training for healthcare workers, disease and           
epidemic outbreak tracking, and diagnostic and treatment support (Coppock, 2009). 
  
Through the improvements of telecommunication technology in developing countries, mHealth          
is now seen as a viable solution in countries where many of their other infrastructures, healthcare                
included, have not seen the same improvements. The potential of implementing an mHealth             
system grows as the impediments to access to mobile technologies are slowly fading as              
decreasing costs and increased ease of use result in more people owning mobile technologies              
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(Chib, 2013). More than any other modern technology mobile devices, such as mobile phones              
and PDAs (tablets) are used throughout the developing world thus creating potential for the              
success of mHealth (Kahn, Yang, Kahn, 2010). mHealth can help a healthcare system by              
providing the potential to respond to chronic diseases and ease some of the burden they cause to                 
developing countries.  
  
mHealth has the potential to tackle the challenges of an aging healthcare system by enabling               
more patient-focused healthcare and supporting the shift towards prevention while at the same             
time improving the efficiency of the system (European Commission, 2014). Process           
improvements have been reported in lower percentages of failed appointments, quicker diagnosis            
and treatment, and improved teaching and training. However, large portions of the research done              
on mHealth are done in wealthier countries with only limited research dedicated to using it to                
help with chronic conditions in developing countries (Kahn, Yang, Kahn, 2010).  

Puerto Cabezas, Nicaragua. Nicaragua, located in Central America, is the 2nd poorest country             
in the Western Hemisphere. Approximately 6.1 million people live in Nicaragua. Much of the              
population is located on the Western side of the country. The Eastern side, especially the North                
Caribbean Autonomous Region (RAAN), is very rural and sparsely populated. The RAAN is a              
rainy, jungle region in Eastern Nicaragua and is home to approximately 500,000 people (M et al,                
2011). Many of these people lack reasonable access to healthcare facilities and information. The              
capital of the RAAN, Puerto Cabezas, is the location that we focused on and is seen in Figure 1                   
below  

.  

Figure 1. Project Target Region (Wikipedia, 2017)  

Currently, in Nicaragua, the government healthcare system provides access to between 2.72 and             
3 million people. This leaves between 2 and 2.28 million people without access (Sequeira M et                
al, 2011). Figure 2 below displays the healthcare access gap in more detail. The World Health                
Organization recommends 2.3 physicians per 1000 people. As seen, the country of Nicaragua as              
a whole averages around 0.91 physicians per 1000 people. However, the lack of access to a                
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physician is significantly worse in the city of Puerto Cabezas, at 0.031 physicians per 1000               
people. Because of the lack of healthcare resources and immense poverty, Nicaragua struggles             
with many health factors. One of which is diabetes, which was selected for this analysis, and is                 
discussed further in the section Diabetes in Developing Countries. 

  
Figure 2. Nicaragua’s Healthcare Gap (Sequeira M et al, 2011)  

Telecommunications in Nicaragua. Despite the struggles with healthcare and poverty,          
telecommunications in the country has progressed rapidly. According to the World Bank, as of              
2016 Nicaragua has 122 mobile phone subscriptions per 100 people in Nicaragua. The popularity              
of mobile phones, and tablets, could potentially allow healthcare to have a bigger reach into the                
population, possibly without the need of building additional infrastructure.  
  

  

Figure 3. Mobile Phone Subscriptions in Nicaragua (World Bank, 2017)  
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Diabetes in Developing Countries. A lack of proper facilities and education causes chronic             
diseases and conditions such as diabetes to persist. The issue is amplified by the poor nutrition                
and lack of exercise influenced by the lack of education. Furthermore, the lack of preventative               
care that patients receive makes the difficulty of fighting diabetes greater. On the other end, there                
is very little preemptive care from the patients. This results from a lack of education, resources,                
and overall interest in monitoring one’s own health. From our sponsor, the MITRE             
Corporation’s experience many of the citizens accept that death may come early, and that life is                
often lived in poor conditions in this region of the world.  

In the country of Nicaragua, 8.1% of the population has diabetes. Diabetes also accounts for 6%                
of mortalities in the country and is the third most common chronic disease (Kahn, Yang, Kahn,                
2010). For comparison, in the United States, 12.6% of the population has diabetes, but diabetes               
accounts for only 3% of all mortalities (Kaplan, 2006). As diabetes progresses in one’s body, the                
risks of microvascular diseases, such as cataracts, amputation, and heart failure, become            
increasingly likely. In rural areas, such as the RAAN, there is little preventative action. This               
results in people finding that they have diabetes from a related complication. More so,              
approximately 46% of the population is overweight and approximately 15% of the population is              
obese (Kahn, Yang, Kahn, 2010). This makes diabetes both a current and future problem.              
Despite this, the prevalence of diabetes, and the known risks associated with diabetes, the              
Nicaraguan government does not have an action/strategy/plan to address diabetes, the growing            
rate of obesity, and the lack of physical activity (World Health Organization, 2015).  

Stakeholder Analysis  
In the table below, we analyze our primary and secondary stakeholders. Primary stakeholders are              
the people or entities directly affected by the implementation of the system we propose.              
Secondary stakeholders are people or entities required for implementation of the system.  
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Table 1: Stakeholder Interests  

Dr. Moore, from MITRE, has volunteered his time and systems engineering expertise to Verbo, a               
Non-profit organization who has set up the Salubrista healthcare system that works in harmony              
with the Nicaraguan Government. Nicaragua, the western hemisphere's second poorest county,           
has extensive healthcare shortages in rural regions like Puerto Cabezas. While our sponsor, Dr.              
Moore, and Verbo’s humanitarian efforts have greatly improved the lives of many rural             
Nicaraguans, Dr. Moore has sponsored this project in hopes of incorporating mHealth and             
expanding this approach to other communities and countries.  
 
Figure 4 below represents our stakeholder tension diagram. The tensions that arise between             
specific users and the system are particularly unique to Nicaragua and developing countries. The              
possible tensions were crucial for us to understand the design of a system that worked in                
harmony with all parties involved. These tensions have a large effect on the implementation of               
our system - answering questions related to access and adoption. One of the barriers to mHealth                
is not the technology itself but the implementation. Therefore it is very important for us to                
understand the context, stakeholders, and environment that we will be implementing the system             
into.  
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Figure 4. Stakeholder Tensions  

Problem and Need Statement  
There is a need to implement an mHealth system that focuses on diabetes care in order to address                  
the remote access to healthcare, growing prevalence of diabetes, and lack of action and strategy               
by the Nicaraguan government within the North East city of Puerto Cabezas. This system              
addresses the need for healthcare improvements in Puerto Cabezas.  

Scope and CONOPS  
Scope. The scope of the project is focused on the treatment and care of patients with diabetes, a                  
growing concern for developing countries around the world, including Nicaragua. The team            
chose the city of Puerto Cabezas as the target pilot area for the project as the sponsor’s prior                  
work has included multiple trips to this eastern region in Nicaragua.  
 
Healthcare Network. The healthcare system that this project is focused on is a small but               
growing healthcare network located within Puerto Cabezas. It will be used as a beta test, for the                 
implementation of mHealth in the rural RAAN region of Nicaragua. It includes one nearby              
hospital, one clinic, one local physician, and five Salubristas. A Salubrista is a community              
healthcare worker whose limited medical training has been provided by various non-profit            
volunteers from countries such as the United States and Canada. They have been trained to               
provide physician oversight and protocol for escalation paths to the central hospital in             
emergencies. One of these volunteers was our sponsor Dr. Danny Moore. He used his systems               
engineering knowledge to set up basic inventory management for the Salubristas. Each            
Salubrista provides care to 500 households in their care district. This is a daunting task for even                 
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the most experienced medical professionals (Moore, 2018). This Salubrista healthcare network           
was created upon the model of community health. Their patient population is known to be               
resistant to outside help and thus being patient-centric is a key component of the Salubristas’               
success. mHealth has the potential to tackle the challenges of the healthcare system by enabling               
more patient-focused healthcare and supporting the shift towards prevention while at the same             
time improving the efficiency of the system (European Commission, 2014). With chronic            
diseases such as diabetes prevention can have serious impacts not only on the number of cases,                
but the burden on both the patient and healthcare system. mHealth has a lot of promise in                 
preventative healthcare. It can help detect the development of chronic conditions at an early              
stage through self assessment tools and education while sharing data with care providers. As a               
result, mHealth can have a large impact in improving one’s quality of life providing motivation               
and engagement. This increased health awareness promotes healthy behaviors and can reduce the             
risk of disease (European Commission, 2014).  
 
Technologies. Providing quality care under these conditions is an immediate, urgent issue. Our             
team greatly understands the importance of creating a system that is not only be beneficial but                
can be quickly implemented. With this understanding, only developed and functional mobile            
health applications that can be found for free, in Spanish, and on the Android Google Play store                 
were considered. Even with these parameters, there are thousands of applications on the market.  

The mHealth technologies that we used to design our system were smartphone or tablet              
applications commonly found on the Google Play Store. With such a large supply of mobile               
applications and an increase in the number of smartphone and tablet users, mobile phone              
applications have great potential for solving the current healthcare struggles. The mHealth            
applications, or design alternatives were evaluated using the MARS mHealth app evaluation            
matrix. The Mobile Application Rating Scale (MARS) was developed by a research team in the               
development and validation of eHealth and mHealth interventions by Queensland University of            
Technology in Australia. MARS is an mHealth application rating matrix that attempts to             
objectify the comparison of different applications (Stoyanov et al 2015). Education was chosen             
as the most important function of mHealth because it can be easily implemented with the               
community health workers. Twenty mHealth diabetes applications, along with a handful of            
patient management applications, were tested using the MARS system by the team for accuracy              
of information and ease of use. Unfortunately, based on our analysis, patient management             
applications were either lacking in the desired quality, the ability to be set to Spanish, or too                 
expensive. To remedy this, the team created a new patient management dashboard that can be               
used through the Microsoft Excel mobile application or a computer. The dashboard includes a              
layout for patient names, sex, weight, height, blood pressure, glucose level, health worker notes,              
treatment during appointment, date of appointment, and a column for when to check up on the                
patients. This dashboard is partially filled out with patient information and diagnostic notes             
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collected by Dr. Moore on a previous trip to give aid to the Salubrista network in Puerto                 
Cabezas. The team entered in data for around 100 patients that was given over to Dr. Danny                 
Moore 

Design Alternatives. Diabetes T2, an educational mHealth application, was rated the highest            
using MARS with a mean quality score of 4.2/5. Design alternatives were then developed around               
various delivery methods for these two mobile applications. Besides the do nothing alternative,             
the first alternative relies on the health workers to have their own mobile phones. From here, the                 
system provides them with the personalized, patient management Excel dashboard and           
recommends the use of the Diabetes T2 app. The second one was designed in light of the                 
realization that not all Salubristas have their own phone. This alternative involves providing the              
Salubristas with their own Amazon tablet with the Diabetes T2 app and the Excel dashboard               
already installed. The third alternative looks to address the lack of communication the             
Salubristas may have. This alternative includes not only the tablet and apps for each Salubrista,               
but also a device that allows the tablets to communicate with each other over radio waves -                 
similar in function to a walkie talkie. The fourth alternative involves building a raspberry pi               
server to host the applications, if need be, and send educational SMS messages.  

Method of Analysis  
Technologies testing. System verification and validation was accomplished through a few           
different strategies. The first was a technologies test in Fairfax, VA with a mixture of               
Spanish-speaking students and parents, English-speaking students, and registered nurses.         
Through this, we were able to test, with ten participants, both the tailored patient management               
dashboard in Excel and the  
 
Diabetes T2 education application for usability. One major change made from the information             
obtained through the test was the inability to use small mobile phones for Excel. The design                
alternatives were then changed to use Amazon tablets. The second approach was through our              
sponsor. He was able to perform a validation inspection to ensure the system met the needs of its                  
users.  

Simulation. The goal of the simulation was to determine the viability and effect of mHealth in                
the Salubrista network. The team created a stochastic simulation in python. This Monte Carlo              
simulation uses diabetes complication probabilities that are stored in a non-stationary Markov            
chain, a combination sometimes referred to as MCMC. The simulation represents the advance of              
the lifelong chronic disease diabetes for patients in the current healthcare system and the              
resulting complications. This simulation gives us an estimation for the impact of mHealth on              
diabetic patients. It projects a patient's Disability-Adjusted Life Year (DALY) by using medical             
glucose blood sugar measures (HbA1c) to track a patient’s diabetes progression. One DALY can              
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be thought of as one lost year of “healthy” life. It is the sum of the years of life lost due to an                       
early death (YLL) and years lived with disability (YLD). DALY is a population statistic that is                
used to quantify the burden of disease from mortality and morbidity (World Health Organization,              
2015). DALY is often used per 1000 people both healthy and sick. For uncertain variables,               
distributions were derived from extensive research in mHealth and diabetes progression and            
were used to encompass the most probable ranges for these factors. The simulation also contains               
the flexibility to adjust some of these major distribution parameters to match other populations,              
for example the prevalence of diabetes, the number of healthcare workers, and likely adoption              
rate of mHealth.  

Simulation Requirements and Verification. The simulation follows these requirements:  

Req.ID Requirement 

Req.S1 Shall track HbA1c of patients 

Req.S2 Shall run for more than 20 years  

Req.S3 Shall record number of cases for diabetic complications 

Req.S4 Shall record the years of life lost due to diabetes 

Req.S5 Shall represent a stochastic process of diabetes 
progression 

Req.S6 The simulated DALY due to Diabetes shall be 12 +/- 
35% 

 

Table 2. Simulation Requirements Nicaragua’s current DALY for diabetes is 12 per 1000 
(IHME, 2017)  

 
Our simulation needed to match Nicaragua’s DALY within 35% in order for us to validate that                
the simulation was a useful estimator for the impact of mHealth. Upon testing, the simulation               
achieved within 33%. ReqS2 was met by using HbA1c as a measure for diabetes in patients. This                 
number fluctuates based on the influence of mHealth, allowing us to estimate the effect of               
mHealth on diabetic patients. ReqS3 was created in order to further track the progression of               
diabetes in patients. Along with a fluctuating HbA1c, complications become more or less likely              
to occur because of diabetes. The complications that we tracked were blindness, amputation, and              
neuropathy. Req’s 4 and 5 were met through the design of the simulation, where years of life                 
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lost is recorded and the MCMC method provides a stochastic representation of diabetes             
progression.  
 
Initial Simulation Assumptions. In order to make the simulation manageable we made the             
following assumptions. All patients in the simulations are diabetic. All deaths and complications             
that occur in the simulation are a result of diabetes progression. All diabetics, on average and                
regardless of country, follow the same progression of the disease.  

Simulation Overview  

 

Figure 5. Simulation Overview Diagram  

Figure 5 displays the inputs, outputs, and parameters of our simulation. There are three inputs:               
HUI, HbA1c, and patient age. HbA1c stands for glycated hemoglobin and is the measure used to                
monitor the progression of diabetes. All patients have an HbA1c of at least 6.5% as this is the                  
starting level for a diabetic. The second input is HUI and stands for Health Utility Index. This is                  
a number between 0 and 1 indicating the overall health of a person. 1 indicates perfect health,                 
and 0 indicates death. When a complication occurs, such as blindness, this lowers the person’s               
HUI level indicating a loss of healthiness. Each of the complications a patient can receive is                
stochastic and is related to the  
 
HbA1c level of a patient. If they occur, they have a negative impact on the patient’s HUI. The                  
last input is a patient’s age. Each one of these three inputs is stochastic. The two parameters used                  
in our simulation are education and patient management. These two parameters transform our             
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inputs into our output, DALY. This output is used to track the impact mHealth would have on                 
the patient within the Salubrista healthcare network.  

HUI Penalties. The simulation monitored 15 different complications of diabetes. These are            
represented in two separate Markov Chain’s: Macrovascular complications and Microvascular          
complications. Each of these chains contains a linear progression of various complications. Only             
ten of the 15 modeled complications incurred a health penalty in the simulation, as many of the                 
earlier states of a complication branch are asymptomatic. Some complications that incurred HUI             
penalties are Neuropathy: -0.065, Stroke: 0.072, and Hypertension: 0.011 (Zhou, 2005).  

Markov Chain to Store Complication Probabilities. In order to store the transitional            
probabilities for modeling the progression of diabetes complications a patient may go through,             
the simulation utilized a Markov chain. For example, in figure 6, you can see the progression of                 
Neuropathy. It is important to note that in order for a patient to get Neuropathy, they must first                  
have retinopathy and then hypertension. Each of the transitional probabilities was sourced from             
available research done in multiple countries, and thus we assume a diabetic in one country               
follows, on average, the same progression of any complication.  
 

 
Figure 6.  Simulation Markov Chain with Probabilities Example  

  
Simulation Results. Excel output files from the simulation included starting and ending HUI,             
and starting and ending HbA1c for every three month period, starting age, age of death or age at                  
the end of simulation, number of complications and which complication they were, as well as the                
years lived with the complication for each patient. From this information the DALY was              
calculated. YLL is measured per 1000 patients and calculated by subtracting a patient’s age at               
death from their life expectancy. If they did not die during the simulation run, they hold no                 
weight in this equation because they did not have any effect on the years of life lost due to                   
diabetes. YLD is also measured per 1000 patients and is calculated by multiplying the number of                
cases of a disability by the assigned disability weight and the average duration of the disease for                 
all of the disabilities (World Health Organization, 2015).  
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Table 3. Summary of DALY T-test Results  

A student's T test was done on 1000 runs without mhealth and 1000 runs with mhealth                
implemented. Each run, as explained before, was for 1000 patients over thirty years. After 1000               
replications, the simulation shows implementing mHealth reduces the DALY from 16 to 15             
years lost, as well as reducing the variance from 14 to 13.This reflects a 7% improvement to the                  
DALY caused by diabetes. With 2000 degrees of freedom the simulation shows with 99%              
confidence that mhealth improves DALY.  
 
We used our utility function to find the highest performing alternative. Then, using the results               
from our simulation, as well as visual inspection, we were able to perform a verification               
inspection to see if the system met the mission requirements.  

Project Results  
Utility analysis. After the simulation proved with 99% confidence that mhealth can improve             
DALY, the four alternatives were evaluated with a utility function built around weights created              
with our sponsor Dr. Danny Moore’s input. Their individual utility is comprised of the impact of                
mHealth, ability to allow communication within the healthcare network, mean time between            
failure (MTBF), and the time it takes to implement the system. The different design alternatives’               
costs are then evaluated against their utility.  

  

Figure 7. Utility function  
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Figure 7 displays our utility function with the given weights. The most significant factor in               
choosing an alternative is the impact the alternative has on the patients and Salubrista network.               
The impact value is comprised of three difference components: Patient Management, Education,            
and Decision Support - all crucial characteristics of successful mHealth systems. These were             
ranked by their potential to impact a diabetic’s HbA1c. Through research it was found that               
mHealth education has the potential to improve HbA1c by approximately 1% and patient             
management by 0.7% (Mahdavi, 2013) . Decision support was subjectively multiplied by how             
long the team believed it would take with each alternative for the Salubrista to determine if they                 
should start education. If the alternative had decision support capabilities it was determined that              
it would take them no longer than five years, and without it would take no more than ten.  

  

Figure 8. Cost vs. Utility Chart  

Figure 8 displays our cost vs. utility line. We can see that alternative three (providing the apps,                 
tablet, and radio device) has the highest utility. However, it is also one of the more expensive                 
choices. The second alternative (providing the tablet and apps), has a utility near that of               
alternative three for far less cost. These costs include hardware for each alternative,             
implementation costs, and data costs.  
 
Chosen alternative. This utility vs. cost analysis is why we recommend alternative 2 - providing               
the Salubristas with the Amazon Fire tablet, the Microsoft Excel patient management dashboard,             
and recommending the use of the app Diabetes T2. We believe this will give the Salubristas the                 
necessary tools to increase the number of patients they are able to care for and increase the                 
quality of the care that the Salubristas give. Not only do we believe that this alternative can have                  
an impact now, we believe that the alternative has the potential to be expanded on and                
implemented in other areas of Puerto Cabezas.  
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Implementation and Business Plan  
With these results an implementation plan was developed to allow the sponsor to quickly bring               
this system to Nicaragua. mHealth supports patient engagement by developing a more            
participative role, enhancing their responsibility over their own health. This empowerment is            
accomplished through easy-to-understand information on one’s health condition and how to live            
with it, sensors that detect and report vital signs, self-motivation leading to increased treatment              
compliance, and many other functions. As patients become more responsible and empowered, a             
more efficient and sustainable healthcare system is created. These functions provide an            
efficacious way of delivering care through better planning, reducing unnecessary consultations,           
and better prepared professionals receiving guidance on treatment and medication (European           
Commission, 2014). However, it is naive to assume patients who have not previously shown              
interest in preemptive care will start overnight. This project’s recommendation is to provide             
trusted community health workers the necessary mHealth tools, in hopes that the technology can              
expand to the patients themselves.  

Although our users are the Salubristas and not the patients, implementing mHealth will still have               
these same effects. By using mHealth, the Salubristas will have organized records of patients.              
This gives them the ability to care for more patients. The Salubristas will now have access to                 
accurate diabetic managing tools, increasing their efficiency in caring for diabetic patients. As             
the Salubristas’ ability to effectively care for patients increases, the patients become more             
educated leading to a greater understanding of their health. This results in greater responsibility              
and more effective preemptive care. As we have outlined, the current lack of structure and               
organization of the Nicaraguan health system leaves many people without care. For example, in              
Puerto Cabezas, digitized records are hardly used. In the Salubrista healthcare network, the             
Salubristas have access to Excel, but do not use it. This makes it difficult for the Salubristas to                  
track, organize, and efficiently care for patients.  

Measure of Success. In order to recommend moving to Generation 2 of this mHealth system,               
there needs to be a measure of success to test if continuation should happen. Before the start of                  
the beta test in the Salubrista network, an education questionnaire for the Salubristas and diabetic               
patients should be given. This test will include some basic questions about diabetes, its              
treatment, and causes. The answers to these questions, such as naming some of the 10 guidelines                
that can keep type 2 diabetes at bay, can be found in the diabetes application the system                 
provides. If after four years of the mHealth system being in place the scores for the same test                  
have not improved by 15% Generation 2 should not be implemented (Collins, 2015). Included in               
the cost of implementing Generation 2 is conducting a satisfaction survey for the Salubristas.              
This survey will measure the benefit of patient management, ease of use of the system,               
confidence in diabetes education, as well as include a MARS test for them to complete.   
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Implementation Phases. There were three potential generations, or phases, proposed for this            
project. Unfortunately, for generation 3, the cost of moving this system to the entire RAAN               
(population of 250,000 - Wikipedia 2017) and the time it would take to expand the healthcare                
network needed to implement mHealth are prohibitive.  
  

  
  

Figure 9. Implementation Plan  

Generation 1 (Year 0-5). The implementation of mHealth through our second design            
alternative (tablet + apps), in the Salubrista network that covers 2,500 patients, is a beta test for a                  
much larger goal. Figure 9 shows the goal of expanding mHealth penetration to the entirety of                
Puerto Cabezas. The cost for this is $78,000 and includes development costs that this project               
accrued as well as hardware costs for providing the Salubrista’s tablets preloaded with the              
education app and the patient management dashboard.  

Generation 2 (Year 5-10). This is a step, after a 5 year period of system checks ensuring that                  
mHealth is indeed positively impacting the Salubrista network, that we hope will be initiated.              
Five years is used to reflect a conservative estimate on the life of the system hardware. The                 
process would start by training new Salubristas. The approximate population of Puerto Cabezas             
is 25,000 people. If each Salubrista handled 500 people, there would be a need for 50                
Salubristas. The period to recruit and train the new Salubristas to the standards of a community                
healthcare worker would be approximately 6-7 months. This is excluding the time to train the               
new Salubristas on the mHealth system. We estimate this to take an additional month to train the                 
50 new Salubristas to learn how to efficiently use the mHealth system. We approximate this               
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process to take around $510,000. This includes the cost to hire educators/recruiters to hire and               
train new Salubristas, the hardware costs to purchase new tablets, and the cost to implement the                
system into the expanded Salubrista healthcare network. Once this process of integrating            
mHealth through our chosen alternative is initiated, we estimate it to take eight months until the                
Salubrista network and the use of mHealth technologies has expanded throughout Puerto            
Cabezas.  

   
Project Cost Summary.  

  

Table 4. Project Cost Summary*  

*Generation 2 total cost includes some contingency costs (10% of hardware and implementation)             
to cover any updates in technology and implementation issues.  
 
While these costs may seem high, there is the potential for this system to not only impact                 
diabetes but many other diseases that have education applications. The team put in about 100               
hours collectively to research mHealth applications. At an estimated added cost of $5,000 to              
research new apps you can add education applications for multiple other conditions. The             
Amazon Fire 7 tablet has 8 GB of storage, allowing it to easily hold over 20 different education                  
applications, with the limiting factor not size but practical use.  
 
Project Funding. There is currently a project called Nicaragua Strengthening the Public            
Healthcare System that has been identified as a potential source of funding. The project budget is                
$60 million, and its purpose is to revamp the public healthcare system of Nicaragua (World               
Bank, 2018). Another potential source of funding would be non-profits like Verbo’s Renew the              
Hope program, which has already collected $220,000 in funding in 2018, or crowd funding.  
 
Project Expansion. Our analysis also determined there is the potential to expand our technology              
and implementation methodology to many other countries with similar problems as Nicaragua.            
Examples of similar countries are shown below with their Human Development Index (HDI)             
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which is one of the criteria we use to determine potential countries that can benefit from our                 
mHealth solution (United Nations Development Programme, 2016).  

  
Country  Human Development 

Index (HDI)  

Nicaragua  0.645  

Albania  0.764  

Algeria  0.745  

Bolivia  0.674  
Table 5.  Potential expansion target countries  

This project was not designed around the idea of making money. It is not a commercial product,                 
but rather is a system that can increase public health and welfare. When measuring the cost of                 
mHealth against its benefits, like many other health projects, the true benefit is seen over time.                
You are not just attempting to change the lives of a handful of current Nicaraguans, but to                 
change the trajectory of healthcare in the country for the benefit of generations to come.  

Conclusion  
Throughout the timeline of this project, the team has worked closely with our sponsor MITRE               
through our point of contact Dr. Danny Moore. Dr. Moore has repeatedly used his own systems                
engineering techniques to provide healthcare in Puerto Cabezas. His plans are to continue to visit               
Puerto Cabezas to provide care and use the results of this project to engage Nicaraguan doctors,                
clinicians, and Salubristas for the populations’ most vulnerable people. Our analysis leads us to              
conclude, that implementing mHealth, is worth the cost. This is because an mHealth system can               
help healthcare workers in rural areas of Nicaragua, who are burdened by non-care, clerical              
tasks, outdated information, limited knowledge, and scattered patient information. Also, through           
simulation, the DALY due to diabetes was shown to have improved by almost 7%. This projects                
mHealth system provides healthcare workers a real-time decision support system resulting in            
streamlined paperwork, accurate patient information, education awareness, and relevant         
information better than their existing manual system. This project is the first step towards rural               
areas of Nicaragua leveraging their access to telecommunications to improve healthcare           
outcomes.  
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0.0 Introduction to mHealth  
Developing countries face continued growth in chronic diseases, as well as the continuous             
burden of communicable diseases. Through the improvements of telecommunication technology,          
mHealth has emerged to support public health and clinical care providing potential to respond to               
both chronic and communicable diseases and ease some of the burden they cause to developing               
countries. This potential grows as the issues of access to mobile technologies are slowly fading               
as decreasing costs and increased ease of use result in more people owning mobile devices [3].                
More than any other modern technology, mobile devices are used throughout the developing             
world creating a lot of potential for the success of mHealth [5]. 
 
mHealth (mobile health) refers to the use of mobile and wireless devices to support healthcare               
delivery and improvement of health outcomes. A large change in factors such as a rise in mobile                 
technologies and applications, a rise in opportunities to integrate mobile health into existing             
mHealth services, and the continued growth in coverage of mobile cellular networks, are driving              
the change in how healthcare is delivered, especially in developing countries. mHealth has the              
potential to tackle the challenges of an ageing healthcare system by creating a more              
patient-focused healthcare, and supporting the shift towards prevention while at the same time             
improving the efficiency of the system [18].  
 
The use of mobile devices in healthcare has been able to produce significant improvements in               
various clinical areas such as medicine taking, asthma symptoms, HbA1c, stress levels, and             
self-efficacy. Process improvements have been reported in lower failed appointments, quicker           
diagnosis and treatment, and improved teaching and training. However, large portions of the             
research done on mHealth are done in wealthier countries with limited research done on using               
mobile telephones as a healthcare intervention for HIV, tuberculosis, malaria, and chronic            
conditions in developing countries [5]. Although the potential for the success of mHealth in              
developing countries is evident, this often causes the shortcomings and barriers to be overlooked              
resulting in poor design and ineffectiveness. 
 
This is a very important observation for our group and project. mHealth projects generally have               
holistic issues that reside in the theory, methodology, and sustainability of mHealth. In terms of               
theory, there are not consistent, researched methods or plans for implementing successful            
mHealth technologies. This is seen through the failure of many pilot-projects to replicate and              
scale up to sustainable national projects. 
 
Along with theoretical generalizability, methodology is important for mHealth to influence           
practice and policy. In order to create successful replications across different settings and             
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environments, “quantitative and qualitative methodologies are needed to form a          
trans-disciplinary field that involves academics and health professionals aiming to influence           
policy makers” [4]. There needs to be researched and documented methods for overcoming the              
infrastructural, economic, technological, and socio-cultural factors that inhibit integration of          
mHealth systems. 
 
The last step in influencing practitioners and policymakers is providing evidence of sustainability             
in terms of scope and the ability to scale [4]. Two levels describe the scope of using mobile                  
phones in health care: a planned process of using mobile phones to support various purposes in                
the health system and an “organic process of spontaneous usage and adoption by individuals”              
[4]. However, not all mHealth projects address this. mHealth implementations are conducted            
primarily as standalone interventions, rarely as an integrated part of the healthcare system.             
mHealth is perceived as a way to revolutionize healthcare on its own, often in small areas of a                  
country, but needs to be viewed as a facilitator of healthcare improvements. Although it is               
important for mHealth projects to start small, there needs to be a translation from individual,               
small-scale mHealth projects into large, integral parts of national government [4]. 
 
Another emphasis in mHealth research is a bias towards measuring technology usage and             
job-related performance indicators, rather than impact indicators such as the improvement in            
individual or community health. It is important for research to concentrate on the relationship of               
the introduction of technology and health impact indicators, not just the validation of system              
process improvements [4]. In other words, mHealth projects can focus too much on the number               
of people using the system, or how it changes the way the healthcare network operates. However,                
this neglects the core purpose of mHealth which is to impact the health and lives of individuals                 
through the adoption of health technology practices.  
 
For the GMU Senior Design project are be addressing these barriers in mHealth. This project               
analyzes various mHealth apps in order to design a strategy to implement mHealth technologies              
into the healthcare network of Nicaragua. We have scoped this down to the city of Puerto                
Cabezas and are addressing the growing prevalence of diabetes. Although it is important for us to                
design an implementation plan for a mHealth app that has the potential to positively impact those                
suffering from diabetes, the overarching goal of this project is to address the gaps seen in                
mHealth research. The mHealth apps, the region of Nicaragua, the health indicator are vessels              
were used to design a process the forms a successful theory and methodology for integrating a                
small-scale mHealth implementation that has the capabilities to be translated into a            
large-scale adoption into the healthcare system but not for just the country of Nicaragua. We               
hope to create a process of theories and methods that has the potential to be consistently                
replicated into other countries. 
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1.0 Context Analysis 
 
Nicaragua, located in Central America, is the 2nd poorest         
country in the Western Hemisphere. Approximately 6.1       
million people live in Nicaragua. Much of the population is          
located on the Western side of the country. The Eastern side,           
especially the North Caribbean Autonomous Region      
(RAAN), is very rural and sparsely populated. This area lacks          
resources and access to healthcare. The city that we focused          
on, which will be discussed later, is Puerto Cabezas. This is           
the largest city in the RAAN.  
  

Overview of Healthcare System in Nicaragua 
 

The healthcare organization of Nicaragua’s is structured into three levels. Figure 1.1            
gives a visual representation of the formation of the healthcare organization.  

  
Figure 1.2 MINSA flow chart Healthcare Figure 1.1 Source: (Sequeira M et al, 2011) 
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The Central level oversees the the healthcare of Nicaragua as a whole. This level sets budgets,                
policies, controls the national reference hospital, and their goal is to provide all of Nicaragua               
with free, affective healthcare. Below the central level is the Local Systems of Comprehensive              
Care (SILAIS). This level is responsible for providing local communities with healthcare via             
department hospitals. They negotiate with the Central level for contracts and funding. Below this              
level is the Municipal level. They operate       
similarly to the SILAIS level except they       
provide healthcare services via health     
centers, health posts, and community based      
clinics in the Municipalities such as the       
Northern Caribbean Autonomous Region    
(RAAN) [1].  
  

Health facilities in Nicaragua consists of      
hospitals, health centers, and health posts.      
The majority of hospitals and health      
centers are primarily located on the pacific       
side of the country, near the capital of        
Managua. Hospitals provide secondary    
health services ranging from pediatrics and      
internal medicine to surgery. Primary health services like education and awareness, basic lab             
testing and immunizations are done by health centers [1]. The caribbean side of Nicaragua,              
which is an area covering 55% of the country, houses only three hospitals and a handful of health                  
centers. These health facilities cover a smaller and more dispersed population than the pacific              
region facilities, where populations are centred around the city. Thus, access to hospital care in               
the caribbean side of Nicaragua can be difficult given the rural settings, such as poor roads and                 
jungle environment, people live in. Health posts which are small posts usually staffed with              
nurses and sometimes a doctor, they operate under the jurisdiction of health centers in the area.                
Health posts usually conduct primary health services, but focus on health promotion and disease              
prevention activities and occasionally have basic health testing and lab work [1]. 
 
In 2007, Nicaragua introduced the Conceptual Model of Family and Community Health            
(MOSAFC). The goal is to establish integrated networks private and public service providers that              
work together to address the vast health needs of the country. The overarching goals of this                
program is to offer more efficient delivery of health services, improve patient satisfaction with              
the services, and further the financial protection of citizens’ health. However, health workers             
distribution substantially varies throughout each of the countries regions. 65% are concentrated            
in the pacific region, 16% in the central region and 19% in the northern region and caribbean                 
region [1]. Being that, community health workers are not provided incentives to work in rural               
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and difficult to access areas like the caribbean region [1]. Programs like Salubrista, established               
by MITRE in Puerto Cabezas, try to compensate for the lack of healthcare workers in rural areas.                 
The program involves a small team of five volunteers from the community, with goals to expand                
in the future. They have basic health care education and training, and their purpose is to act as                  
the first contact point to primary health care.  
 

 
Figure 1.3 CHW as part of the Healthcare System, source: [9] 

 
Figure 1.2 illustrates a top level view of community healthcare worker (CHW) system as part of                
the national healthcare system. CHWs play a vital role, especially in rural areas, in connecting               
the community to the healthcare system, providing guidance and basic healthcare.  

Overview of NGO in Puerto Cabezas 
Another large contributor to this ‘Salubrista’ healthcare model is a nonprofit organization calle             
Verbo. They are an international ministry that has roots in various developing countries. There              
goal is to work with the disadvantaged of society through social work. They hope to meet the                 
needs of poor, widows, orphans, prisoners, the exploited and unprotected, and marginalized            
members of society.  
 
Within Nicaragua, they have roots in Puerto Cabezas where they have set up a small community.                
Here they have an orphanage, church, and helped have set up this Salubrista healthcare network               
to make an attempt to meet the needs of the people living in this rural, poor area. Please see                   
appendix G for some photos of Salubristas. 
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Overview of Telecommunications  
 
Telecommunication capabilities lag far behind than the rest of the developed world in terms of               
technology. The majority of the country is covered by 2G and 3G communication technologies,              
4G cellular services is mainly found in the capital, Managua. Yet, adoption of mobile phones has                
significantly increased over the past decade. Table 1.2 shows cell phone subscriptions per 100              
people in Nicaragua over the past 10 years. 
 

 
Table 1.2 Source: World Bank [8] 

 
According to the World Bank, as of 2016 Nicaragua has 122 mobile phone subscription per 100                
people in Nicaragua. The mobile phone popularity could potentially allow healthcare to have a              
bigger reach into the population, possibly without the need of building additional infrastructure.  

Overview of mHealth Technology 
 
mHealth can be defined as using mobile phone technologies and devices for healthcare services              
and information [3]. Breaking down mHealth to its most basic concept reveals that it is               
essentially a method of communicating and processing information related to healthcare. Thus,            
mHealth can be incredibly dynamic in its different ways of delivering and using health              
information. However, in the context of developing countries, mHealth applications fall into six             
key categories: Education and awareness, remote data collection remote monitoring,          
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communication and training for healthcare workers, disease and epidemic outbreak tracking, and            
diagnostic and treatment support [3]. 
 
As previously mentioned, mHealth utilizes mobile communications to exchange health          
information, and through research we have identified three different technology platforms in            
which mHealth applications use.  
 
The first technology platform is Short Message Service (SMS), applications that utilize this type              
of communication generally use a smart back-end application. The back-end receives and sends             
SMS messages from and to mobile phones, and based on set parameters it executes some kind of                 
function.  
 
The second type is Unstructured Supplementary Service Data (USSD), it is a communication             
protocol, and is part of the Global System for Mobile Communication (GSM). USSD             
applications are hosted in the mobile network, and they enable bidirectional real-time            
transmission of information between mobile phones and a back-end application [11].  
 
The third type of wireless communication channel is by using Internet Protocol (IP), applications              
utilizing this communication use the data network provided by the mobile network operator, and              
often times require smartphones to function. These applications make use of the visual and audio               
capabilities of smartphones, providing different ways for the user to interact with the application              
[10]. For the purposes of this project, we narrowed down the applications to only IP based                
applications available in spanish.  

2.0 Concept Development 
After looking at the context in Nicaragua and        
more specifically Puerto Cabezas, it is clear       
that there is an opportunity to implement an        
mHealth system. The lack of resources and       
limited access to healthcare create a need for        
such a system. mHealth applications fit within       
the economic and technical constraints of the       
country. In this next section we will examine        
the stakeholders and the constraints that they present.        Using this  
information, we put forth an analysis on how the needs of the stakeholders can be met within the                  
current constraints.  
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Stakeholder Analysis  
 
The stakeholder overview chart, seen on the following page, shows how they would either              
interact with the system or affect how well the system can be implemented. We divide the                
stakeholders into primary and secondary then assess the interests they would have in relation to               
the implementation of mHealth. Then analyze how much of an influence a stakeholder has on the                
implementation of mHealth. After this we assess the tensions between each stakeholder and then              
formulate a scenario where all stakeholders all benefit from the system while mitigating the              
tensions as much as possible. This is an important step in understanding our environment. The               
constraints presented by the stakeholders highly influence the access and adoption of our system.  

 
Stakeholder Overview 

 

 
Table 2.1 

 
In the table above we analyze our primary and secondary stakeholders. Primary stakeholders are              
the people or entities directly affected by the implementation of the system we propose.              
Secondary stakeholders are people or entities we may have to tweak the implementation of the               
system for in order to satisfy their needs as well. Secondary stakeholders may indirectly be               
affected by or have a say in the implementation of the system. All of the stakeholders have some                  
sort of financial interest in the implementation of mHealth in Nicaragua. Other notable interests              
are of the functionality and utility to the stakeholders. The only stakeholder to not have an                
interest in the functionality of the system were nonprofit organizations. All primary stakeholders             
have an interest in the utility of the solution. Whereas the main interest for our secondary                
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stakeholders is how this affects them financially and how well the solution integrates with their               
current systems. All stakeholders have an interest in how the solution works with the exception               
of nonprofit organizations.  
 
The figure to the right is an influence diagram         
which shows how much power a stakeholder       
has versus how much interest they have in the         
implementation of mHealth. The most     
important stakeholder in this diagram is the       
Nicaraguan Government as they would have a       
major say in whether the system can be        
implemented or not. TELCOR has a very low        
interest in the implementation of mHealth as       
that is not the industry they concern themselves        
with, but they see this as a potential        
opportunity to have more users on there system        
which could complicate things. Since they are       
government funded they are not as interested in gaining more subscribers like the private telecom               
companies are hence, having a low interest. Since they are a government agency they still have a                 
high amount of power. The mHealth developers have both a relatively high amount of interest               
and power in the implementation of mHealth within the country. Developers would be the              
intermediary for information which gives them not only a lot of interest, but since they would                
control the flow of information they also have a large amount of power. Private              
Telecommunication companies have high interest, but less power in dictating terms of            
implementation. The main driver for telecommunication companies is having more subscribers           
paying contracts and/or for data. MITRE has a high interest in testing their implementation              
methods, but little power to actually do so within Nicaragua. Healthcare professionals also             
known as Salubristas have a relatively high interest in seeing an mHealth solution in order to                
help manage patients and to give patients tools to use for when they cannot physically get to                 
them. Diabetic patients easier and impact on the growth of the program and can affect the                
effectiveness of the implementation.  
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     Figure 2.1 

 
Figure 2.1 shows the various tensions between the stakeholders which are shown through             
different colored lines which have different meanings. Red lines show tensions, green lines show              
the flow of money, and dotted lines show the flow of resources. Each circle shows the type of                  
stake a user has in relation to the system. The system we would be implementing in nicaragua is                  
shown in the blue circle. Within the green circle, the Salubrista and the diabetic citizen In the                 
green circle the direct users of the system are shown. The tensions that arise between specific                
users and the system are particularly unique to Nicaragua and developing countries. The main              
tension between users of the recommended applications and the health professionals           
(Salubristas) is trusting the technology and information. This cultural tension is an obstacle in the               
successful implementation of an mHealth system in Nicaragua and other developing countries.            
The orange circle depicts the direct stakeholder which is MITRE, our sponsor. In the direct               
stakeholder circle we show the flow of potential MITRE resources and tensions that could affect               
their end of implementation of mHealth in Nicaragua. The other mentioned stakeholder in the              
direct stakeholder circle are the mHealth application developers since we are using pre-existing             
applications. The largest circle shows the external stakeholders which are the Nicaraguan            
Government along with all of the agencies that would be involved in the implementation of               
mHealth. This includes entities such as TELCOR and MINSA. Other external stakeholders            
include non profit organizations and the private telecommunication companies in Nicaragua. 
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Secondary Stakeholders  
 
Our secondary stakeholders are all of the external stakeholders in Figure 2.3 - The Nicaraguan               
Government, private organizations, TELECOR, and non-profit organizations. These stakeholders         
have a more indirect impact on the system, but it is still important for us to analyze the needs and                    
concerns. These stakeholders form and impact the environment that we would be implementing             
our system. As stated before, it is pertinent that we understand the environment or else the                
mHealth project will fail.  

Win-Win Analysis 
 
Overall, after completing the analysis of our stakeholders we found that in order to create a                
scenario where all of our stakeholders feel their needs are met was difficult. The tension between                
users of the system, the system itself, and those that influence the impact/performance of the               
system creates a challenging situation. However, we feel the integration of mHealth applications             
into Puerto Cabezas will fit all the constraints. As will be discussed later in the report, the users                  
of the system are the 5 Salubristas. These Salubristas are in charge of the Salubrista               
healthcare network and have a brief education, on level with that of a physician's assistant, on                
healthcare. By making the users of the system the Salubristas, this eliminates the constraint of               
motivating patients themselves to use the system, which is a common problem in developing              
countries. Their education and connection to the healthcare system will create positive            
communication between themselves and the Nicaraguan health system. This will allow the            
Nicaraguan government to understand the impact and will provide a greater potential for the              
integration to be expanded into other regions as well as address other health factors.  

3.0  Operational Concept 
 
After analyzing the Stakeholders of the system, we are able to address our operational concept.               
We want to replace the outdated, manual, paper record keeping techniques that the Salubrista              
currently use. This is slow and inefficient. By implementing mHealth technologies, are be able              
to start a process of digitizing their records - making patient data more informative, organized,               
and useful. We also want to provide the Salubristas with an increased access to information.               
mHealth applications are able to provide the Salubristas with quick and accurate information             
relating to diabetes. This, altogether, allows the Salubristas to provide more accurate and             
effective care to more patients thus increasing the impact of the Salubrista healthcare network as               
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well as increasing the quality of life in diabetic patients. In this section we will address our                 
problem statement, statement of need, statement of work, and performance gap analysis.  

Problem Statement 
Currently, in Nicaragua, there is a healthcare system in place that provides access to between               
2.72 and 3 million people. This leaves between 2 and 2.28 million people without access [1]. In                 
the western, rainy, jungle region of Nicaragua, the RAAN hosts approximately 500,000 people             
[1]. Many of these people lack reasonable access to healthcare facilities and information. A lack               
of proper facilities and education causes diseases and conditions such as diabetes, pneumonia,             
prenatal mortality to persist and more so in the autonomous regions such as the RAAN.  
 
The figure to the right displays the       
healthcare access gap is seen in more       
detail. The World Health Organization     
recommends 2.3 physicians per 1000     
people. As seen, the country of      
Nicaragua as a whole averages 0.91      
physicians per 1000 people. However,     
this is much less in the city of Puerto         
Cabezas, the capital of the RAAN, at       
0.031 physicians  per 1000 people.   Table 3.1 Path.org 

 
Nicaragua is the poorest country on the Western Hemisphere. 68% of the population survives on               
less than $1 a day with the most poorest of people living in rural areas such as the RAAN. This                    
immense poverty, mixed with the lack of and limited healthcare services, Nicaragua struggles             
with many health factors. One of which is diabetes.  
 
In the country of Nicaragua, 8.1% of the population had diabetes, and diabetes accounts for 6%                
of mortalities in the country [5]. For comparison, in the United States, 12.6% of the population                
has diabetes, but diabetes accounts for only 3% of all mortalities [6]. In Nicaragua, diabetes is                
the 3rd most common chronic disease. As diabetes progresses in ones body, the risks of               
microvascular diseases, such as cataracts, amputation, and heart failure, become more and more             
likely. In rural areas, such as the RAAN, there is little preventative action causing people to find                 
out they have diabetes from a resulting health consequence. More so, approximately 46% of the               
population is overweight and approximately 15% of the population is obese [5]. Despite this, the               
prevalence of diabetes, and the known risks associated with diabetes, the Nicaraguan government             
does not have an action/strategy/plan to address diabetes, the growing rate of obesity, and the               
lack of physical activity [5]. This is further amplified by the poor patient management system               
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currently in place in Puerto Cabezas. With no digitized patient records, there is little attempt to                
keep track of accurate, relevant patient information resulting in inefficient and redundant check             
ups.  

Statement of Need  
 
There is a need to implement a mHealth capability that focuses on diabetes care in order to                 
address the remote access to healthcare, growing prevalence of diabetes, and lack of action and               
strategy by the Nicaraguan government within the North East city of Puerto Cabezas. There is a                
need for streamlined paperwork, accurate patient information, and education awareness.  
 
This capability addresses the need for healthcare improvements in Puerto Cabezas. There is an              
opportunity to model the current healthcare network in Puerto Cabezas, show how, using the              
existing telecommunications network, mHealth technologies improves the current healthcare         
system, an analysis of which mHealth capabilities offer the greatest impact on the healthcare              
system, and design a strategy for how to implement the capability into Puerto Cabezas.  
 
Although this capability and implementation focuses on benefiting the people who live within             
Puerto Cabezas, this project addresses the need of diabetic and healthcare strategies for             
Nicaragua as a whole. The results of this project offers a strategic plan that has the potential to be                   
expanded on, or at the least provide inspiration for mHealth methodologies that can influence the               
healthcare network of Nicaragua and developing countries.  

Statement of Work 
Purpose 
This project addresses the need for a diabetic, mHealth capability to overcome the current              
healthcare barriers faced by diabetics within the RAAN of Nicaragua. We are helping healthcare              
workers in Puerto Cabezas who are burdened by excessive paperwork, outdated information, and             
outdated patient information by providing an online, real time decision support system resulting             
in streamlined paperwork, accurate information, and valuable knowledge.  
 
Scope 
This project considers current health conditions and the healthcare infrastructure in relation to             
diabetes in Nicaragua, more specifically, Puerto Cabezas. Diabetic capabilities of different           
complexities were chosen. The process of selecting the capabilities is expanded upon later in the               
report. These mHealth capabilities are evaluated based the MARS mHealth app evaluation            
matrix. A detailed description of the MARS test can be seen below. The simulation is based on                 
the Salubrista healthcare network in Puerto Cabezas. The simulation shows us the impact             

37 
 



  

mHealth has on the healthcare network. Through this, we are able to conclude that mHealth is a                 
viable solution to the growing healthcare struggles. This lead us to designing alternatives to              
deliver mHealth solutions. 3 out of the 4 designed alternatives involve using mobile applications.              
Once the applications made it through our filtering process, we had to start testing the               
applications.  

 
A. The MARS Test: 

The MARS test is a simple, objective, and reliable tool for classifying and assessing the                
quality of mobile health apps. The test is very similar to a checklist. There are six                
sections: engagement, functionality, aesthetics, information, app subjective quality        
questions, and app specific questions. Each section contains 3 - 6 questions pertaining to              
the app and asks the user to rate how the app performs to this question on a 1 to 5 scale.                     
The user in this case would be the group. A portion of Section A, Engagement, can be  
seen. 

 
The scores of each section are then added up to determine the “App subjective quality score”.  
 

The Mobile App Rating Scale (MARS) was developed by a research team in the              
development and validation of eHealth and mHealth interventions. The benefit of using MARS is              
that it helped to rank the mHealth applications based on their quality. This gave us the ability to                  
narrow down our search of mHealth apps and select those that were most effective. This test                
gave us the ability to compare many mHealth apps from varying categories. The process and               
evaluation of the applications can be seen in Section 5.0 - Project Design.  
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B. The Simulation: In order to validate some our requirements, we conducted a monte carlo              
simulation on the effects of mHealth on a population. The simulation created individual             
patients that were assigned random HbA1c numbers, a random age, and a random HUI              
number. HbA1c stands for glycated hemoglobin. It is a measure that indicates the             
severity of diabetes. A patient is considered to have diabetes if their HbA1c is greater               
than 6.5%. HUI stand for health utility       
index. It is a measure between 0 and 1         
indicating the overall health of a person. 1        
is perfectly healthy and 0 is dead. In the         
simulation, this patient ‘lived’ 30 years and       
their diabetes progressed or regressed     
depending on the actions this patient takes.       
Depending on those actions, complications     
such as blindness and amputation may or may not occur thus having a direct affect on the                 
patients HUI. After the simulation, we output statistics such as the average HbA1c, HUI,              
number of complications, number of deaths, etc. A full description and explanation of the              
simulation can be seen in Section 6.0, Simulation.  

 

Performance Gap Analysis 
 
As we have outlined, the current lack of structure and organization of the Nicaraguan health               
system leaves many people without care. For example, in Puerto Cabezas, there are digitized              
records are hardly used. In our Salubrista healthcare network, the Salubristas have access to              
excel, but do not use it. This makes it difficult for the Salubristas to track, organize, and                 
efficiently care for patients.  
 
On the other end, there is very little preemptive care from the residents. This results from a lack                  
of education, lack of resources, and an overall lack of interest or responsibility in monitoring               
one’s health. Luckily this is where mHealth exceeds. From a general overview of mHealth has               
the potential to tackle the challenges of an ageing healthcare system by creating a more               
patient-focused healthcare, and supporting the shift towards prevention while at the same time             
improving the efficiency of the system [18]. 
 
mHealth has a lot of promise in preventative healthcare. It can help detect the development of                
chronic conditions at an early stage through self-assessment tools and remote diagnosis while             
sharing data with care providers. As a result, it can help overcome any stigma in seeking help by                  
a patient. An emphasis on prevention can have a large impact in improving one’s quality of life                 

39 
 



  

and even life expectancy. The motivation and engagement that is pivotal to mHealth promotes              
healthy behaviors, which can reduce the risk of diseases [18]. 
 
This engagement that is seen in mHealth supports patients in developing a more participative              
role, enhancing their responsibility over their own health. This empowerment is accomplished            
through easy-to-understand information on one’s health condition and how to live with it,             
sensors that detect and report vital signs, self-motivation leading to increased treatment            
compliance, and many other functions. As patients become more responsible and empowered, a             
more efficient and sustainable healthcare system is created. These functions provide an            
efficacious way of delivering care through better planning, reducing unnecessary consultations,           
and better prepared professionals receiving guidance on treatment and medication [18].  
 
Although our users are the Salubristas and not the patients, implementing mHealth will still have               
the same effect outlined above. By using mHealth, the Salubristas have organized records of              
patients. This gives them the ability to care for more patients. The Salubristas will have access to                 
accurate, diabetic managing tools increasing their efficiency in caring for diabetic patients. As             
the Salubristas ability to effectively care for patients increases, the patients become more             
educated leading to a greater understanding of their health. This results in greater responsibility              
and preemptive care.  
 
Overall, through the applications and use of mHealth, this project will be able to bridge the lack                 
of access gap providing diabetic care to a region that currently does not have a plan to address                  
the growing prevalence of diabetes.  
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Operational Scenarios 
Before we determine specific operational scenarios, it is important to understand how the             
mHealth application functions from a general perspective. The figure below represents our use             
case diagram. It gives a detailed, visual description of the stakeholders, their influences, and the               
functions of the mHealth application. This brings together the various research we have outlined              
in previous sections on stakeholders and mHealth research and provides a transition into             
operational scenarios and requirements.  

 
Figure 3.1  

 
Figure 3.2, seen to the right, is an example of a           
potential user interaction with an application      
that focuses primarily on reminders. In this       
scenario, the Salubrista receives an alert to       
remind the patient to take medicine. The       
Salubrista is first alerted. The Salubrista then       
reacts to the alert and is given an input         
opportunity. The Salubrista either takes or      
passses on this opportunity, a success message       
is given, and the Salubrista logs off.  
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In figure 3.3, seen to the left, is an example of a            
scenario that the Salubrista uses the application       
to log patient health information. The      
Salubrista first logs into the application. The       
application then requests the patient info from       
the Salubrista giving an opportunity to enter       
this info. The Salubrista enter the info in the         
application. The application gives a notification      
to the Salubrista the the info has been recorded,         
and the Salubrista logs off.  

 

In figure 3.4 we show an operational scenario for data exchange between the Salubrista,              
Salubrista’s mobile device, and the cell tower giving the mobile device signal. When a user               
wants to use an mHealth application they turn on their mobile device data through the device                
interface. Then the phone asks the tower for a data connection and the tower gives it what it can.                   
This is an uplink & downlink relationship that eventually notifies the user that they are               
successfully connected to cellular data and can now exchange data when they are ready. 
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In figure 3.5 we show an operational scenario for a Salubrista to contact a patient using a mobile                  
health application. The main entities in this system are the application, Salubrista, and the              
diabetic patient. In this scenario the Salubrista receives a reminder from the mHealth application              
and sends a message to the diabetic patient. The patient receives the message then responds to it                 
accordingly. The application then receives and/or stores the response for later use. 
 

 4.0 Requirements 

Mission Requirements 
Through in depth dissection of our project description, consultations from professors, and            
multiple iterations of redinfing our scope we have been able to form a set of requirements that                 
meets the current need that we are trying to address. As we described in the beginning of the                  
report in section 0.0, it is crucial that mHealth projects focus on being facilitators of healthcare                
improvements rather than trying to revolutionize the healthcare system. In other words, it is              
important for mHealth projects to start small and scalable, and once the projects have proved to                
be successful in their scoped environment, they can expand to other areas of health and region.                
Our project is one link in a very long chain in addressing the many healthcare issues in                 
Nicaragua but are necessary first steps, and these are the requirements that we have formulated in                
order to accomplish that.  
 
The table below represents our Mission requirements. The core goals of these requirements are              
to improve the daily lives of diabetic patients while at the same time increasing the number of                 
diabetic and non diabetic patients that the Salubristas can care for.  
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While our project a magic solution to fix all of Nicaragua's health care issues that were discussed                 
in the context, this project is a stepping stone for mHealth in the Salubrista Network.  
 

 
Table 4.1 *Measured by Daily Adjusted Life Years (DALY) 

 
MR.1 is crucial as the system must first operate in the Salubrista’s network in order for it to be                   
impactful in any way. MR.2 ensures that the Salubristas have the patient management tools              
needed to reach more patients. MR. 3 simply verifies that the system is making an impact on the                  
diabetic population.  

Functional Requirements 

 

 
Table 4.2 
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The table above shows the functional requirements for the system. Each requirement shows what              
the applications may do. Once we we go through the final selection of mHealth applications, we                
will know what functional requirements the mHealth will satisfy. This is important in our              
selection process as the mHealth applications will have to satisfy as many of these as possible.  

5.0  Simulation 
Before we start to develop design alternatives, we have to make sure that mHealth, and the                
implementation of a mHealth solution is a viable one. One of the problems of mHealth currently                
is the lack of data. There are not many instances of mHealth implementations. Therefore, it is                
difficult to use past implementations in different countries as validation for developing and             
implementing mHealth solutions.  
 
In order to validate the impact of mHealth in Nicaragua, we designed a Monte Carlo simulation                
in Python. The simulation created a virtual diabetic patient and monitor the progression of              
diabetes and the resulting complications. This simulation gave us an estimation for the impact of               
mHealth on diabetic patients.  
 
Through the results of this simulation, we were able to conclude that mHealth is a viable solution                 
and designing/implementing mHealth solutions will be effective. For our primary analysis tool,            
we’ve decided to use simulation. Being that our project concerns creating and implementing a              
healthcare related system in developing countries, we needed to develop a simulation model that              
would help us make an informed decision regarding the potential effectiveness of such a system.  
 

No. Simulation Requirements 

SR.1 Shall predict DALY within 35% of 12* 

SR.2 Shall track HBA1C of patients 

SR.3 Shall run for more than 20 years per patient  

SR.4 Shall record number of cases for diabetic complications 

SR.5 Shall record the years of life lost due to diabetes 

SR.6 Shall represent a stochastic process of diabetes 
Table 5.1 Simulation Requirements 
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The goal of the simulation was to simulate and quantify the impact of mHealth on Diabetes. To                 
achieve that goal, we’ve set some requirements that our simulation needs to fulfill, the              
requirements are shown in table 5.1. Metrics that are needed to quantify the impact of mHealth                
are captured within our simulation requirements. These metrics include tracking HbA1C levels            
of patients in the simulation, and simulating patients for a significant length of time which we’ve                
set to be more than 20 years per patient, record the number of complications developed, keep                
track of patient age and when they developed any complications. Finally, we’ve set a goal of                
achieving a simulation output that falls within 35% of the disability adjusted life years of the                
population of Nicaragua. 

Simulation Detail  
To develop such a simulation model, we’ve identified several challenges that our model must              
address. The first challenge identified was that there is a randomness associated with the human               
factors. Second challenge was to model the progression of diabetes within patients. Next             
challenge was capturing the relationship between HbA1C and diabetic complications. Lastly, we            
had to introduce the mHealth intervention within the simulation. 

 
In order to overcome the first challenge, we’ve decided to use a Monte Carlo simulation method.                
The purpose was to model the randomness of the human factors by generating randomized              
patients given some random patient attributes. Table 5.2 shows the attributes and their respective              
random number distribution used to generate randomized patients. Given the lack of data             
associated with the project, we’ve had to estimate to our best abilities these random variables               
given the lack of data we’ve encountered 
 

Attribute Distribution 

Health Score ~ N (0.7, 0.05) 

HbA1C ~ Unif (6.5,9) 

Age ~ Unif (20,40) 
Table 5.2 Attributes 

 
Health Utility Index (HUI), or health score, is a representation of the patient’s health status. It is                 
a scale from zero to one, zero being the patient is dead and one indicating perfect health. This                  
attribute is essential for our simulation model because it helps the model give each patient health                
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points for simulation to track and update as the simulation runs and is an indicator for the                 
simulation to stop. The attribute is inspired from Health Utility Index (HUI) which is a               
multivariable measurement of health status. HUI numbers come from conducting surveys on            
patients and using the results to construct the index [26]. The random variable distribution for               
HUI follows a normal distribution, we’ve been able to obtain that number from a study that had a                  
similar simulation to ours [27]. 

 
The second attribute is starting HbA1C which is one of the primary indicators for diabetes.               
HbA1C reflects the average blood sugar levels of each patient over past three months and is                
measured by percentage. The range we used in our simulation was from 6.5 to 14 percent. A                 
6.5% HbA1C is the threshold that determines diabetic development in patients. The levels can go               
lower or higher than our determined range [28]; For the purpose of keeping the simulation more                
manageable, we’ve constricted the range. HbA1C is an important diabetic indicator that is             
associated strongly associated with diabetes and the development of diabetic complications. Each            
randomized patient sample has a different starting HbA1C to reflect the randomness of each              
person’s starting levels. The distribution for the starting HbA1C levels follows a uniform             
distribution with a range of 6.5 to 9. A uniform distribution was used due to the lack of data on                    
this attribute, and we’ve determined that a uniform distribution was a good fit because it gives                
each HbA1c level a uniform probability.  
 
Lastly, the final attribute is the starting patient age. This is an essential attribute for modeling                
patients. It is used multiple times throughout the simulation. Moreover, age is also used by the                
simulation model when calculating the impact of diabetes through Disability Adjusted Life Years             
(DALY) and is involved in diabetic complication modeling.  
 

 
Figure 5.1 Monte Carlo Diagram 

 
All of the described attributes combine to create a randomized unique patient sample for the               
simulation, as shown in figure 6.2. Each patient is then passed into a loop that goes for 30 years                   
or until patient’s HUI reaches 0, or in some cases death from a diabetic associated complication.                
Diabetic progression and its complications are a vital part of the simulation model, it is central to                 
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allowing the model to achieve its set goals. Thus, to model this concept we’ve used Markov                
Chain methodology to attain that feature within the simulation.  
 
Modeling diabetic progression is the second challenge in the project’s simulation modeling            
effort. Our simulation model achieves diabetic progression through the use of Markov Chain             
states concept. The idea is to model diabetes complications as states in which patients can               
progress to. All patients in the simulation start from state 1, which is a state of having diabetes                  
but with no complications. After that with the use of transition probabilities, patients can move               
on from one state to another, with each state representing some kind of diabetic complication.  
 
The diabetic states model follows what is shown in figure 6.3. All patients start at the first stage                  
of having no complications Three additional states come after with each representing an             
increased complication severity. Asymptomatic state represent a complication with no apparent,           
disabling symptom, but it can still incur an HUI penalty. Minor Symptoms and Major symptoms               
are where more significant symptoms are represented, each with its own respective penalty to              
HUI depending on the complication type.  
 

 
Figure 5.2 Complication Paths Model 

 
Diabetes is a complicated disease with numerous possible complications; For the purpose of             
keeping the model simple, we’ve had to narrow down the possible diabetic complications; and to               
do so found we’ve consulted with a doctor to help us, as this task is out of the scope of our                     
training. Figure 6.4 and 6.5 show the narrowed down states model for diabetes; the              
complications were put into two different categories Microvascular and Macrovascular          
complications which are two major categories for diabetic related complications [29]. Each            
asymptomatic state indicate a start of path, there is a total of six paths, with three paths for each                   
complication category and a total of 19 possible states or complications. 
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Figure 5.3 Microvascular Complications Map 

 
Figure 5.4 Macrovascular Complications Map 

 
As shown in figure 6.7 below, an example of the model’s markov chain process. Circles marked                
from one to four represent diabetic complication paths. Each complication paths has two             
additional states, a minor symptomatic and a major symptomatic state. One of the major              
assumptions in the markov chain model is that diabetic progression is linear, meaning that once a                
patient advances to a state; the patient cannot go back to a previous state. This assumption helps                 
simplify and make the model more manageable.The linearity assumption is especially valid for             
chronic diseases , like diabetes, modeling due to the nature of how these diseases progress; they                
start from being mildly symptomatic and progressing to a more symptomatic states over time              
[30]. In the case of diabetes, the progression within patients is usually the result of having little                 
to no control over their glucose, which could be as a result from low education about diabetes                 
and the lack of healthcare. 

49 
 



  

 
Figure 5.5 Markov Chain Diagram 

 
Equation 6.1 Transition Probability  

 
Markov chain states concept uses transition probabilities that dictate how objects, synthetic            
patients, within the model move from one state to another. Equation 5.5 explains how the               
transition probabilities for our simulation model are determined. First term in the equation             
reflects the baseline probability of having a specific complication due to diabetes, we used              
incidence rate as the baseline where we could. There were some complications that were very               
difficult to find incidence rates for, so we’ve used prevalence of a complication as our best guess,                 
table 5.3 show the baseline probabilities we used in the model and their sources. The second term                 
in the equation reflects how age affects the probability of developing a complication. It is natural                
to assume that as a person ages, they are more likely to develop more health problems; The age                  
term works by adding the multiplication of a modifier, which depends on age, with the baseline                
probability. Table 5.4 shows the age categories we’ve used and their respective modifier value,              
the values were obtained from the Michigan model for diabetes[45]. The third term which is the                
HbA1C effect on transition probabilities. From research we’ve found that microvascular related            
complications change by 3% when there is a 1% absolute change in HbA1C, similarly for               
macrovascular but the change is 2% [46]. As the simulation runs it update the transition               
probabilities according to the patients current state in the simulation.  
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Complication Base Probability Source 

Neuropathy 0.35 [31] 

Foot Ulcers 0.10 [27] 

Amputation 0.105 [27] 

Nephropathy 0.018 [32] 

Kidney Failure 0.03 [33] 

Retinopathy 0.11 [34] 

Visual deterioration 0.11 [35] 

Blindness 0.06 [36] 

Stroke 0.0205 [37] 

Coronary Artery Disease 0.09 [38] 

Heart Attack 0.097 [39] 

Peripheral Arterial Disease 0.018 [40] 

Diabetic Foot 0.15 [41] 

Amputation 0.25 [42] 

Hypertension 0.3 [43] 

Myocardial Infarction 0.097 [44] 

Table 5.3 Complication Baseline Probabilities 
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Factor Category Modifier 

 
 
 

Age 

 < 55 0.53 

55 - 64 0.87 

65 - 74 1.09 

>= 75 1.51 

HbA1C Microvascular  +-0.03 

Macrovascular +-0.02 

Table 5.4 Factors  
 

Once a patient in the simulation advances to the next state, they incur a penalty to their HUI.                  
These penalties were obtained via research. Not all complications incur an HUI penalty but the               
majority do. Some complication paths lead to death, if a patient reached that state, their HUI is                 
automatically reduced to zero and they exist the simulation. HUI penalties can be found in table                
6.5. Patients also get their HUI scores updated every 6 months in the simulations, that update                
depends on the average HbA1C they had over the past 6 months. If there was a 1% absolute                  
change in HbA1C, the patient’s HUI score changes by 3% accordingly[47].  
 

Complication HUI penalty Source 

Stroke -0.072 

 
 
 

[27] 

Foot Ulcers -0.099 

Amputation -0.105 

Kidney Failure -0.149 

Visual Deterioration -0.29 

Blindness -0.17 

Stroke -0.072 

Diabetic Foot -0.099 

Hypertension -0.011 
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mHealth was modeled in the simulation by having it improve on the patient’s three month               
HbA1C update. Patients in the simulation got changes to their HbA1C based on a normal               
distribution with a mean of 0.54% and variance of 0.11. This random distribution was obtained               
from a study in the United States following diabetic patients over 12 weeks [48]. The education                
aspect of mHealth improves that change by reducing the amount by up to 10%. The 10%                
reduction came from a study that assess how effective having education on self-treatment for              
diabetic patients[49]. Patient management effect of mHealth improved the HbA1C change by            
8%[50].  

Simulation Diagram  
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Simulation Results 
Excel output files from the simulation included starting and ending HUI, and starting and ending               
HbA1c for every three month period, starting age, age of death or age at the end of simulation,                  
number of complications and which complication they were, as well as the years lived with the                
complication for each patient. From this information the DALY was calculated. YLL is             
measured per 1000 patients and calculated by subtracting a patient’s age at death from their life                
expectancy. If they did not die during the simulation run, they hold no weight in this equation                 
because they did not have any effect on the years of life lost due to diabetes. YLD is also                   
measured per 1000 patients and is calculated by multiplying the number of cases of a disability                
by the assigned disability weight and the average duration of the disease for all of the disabilities                 
[54].  

  

Table 3. Summary of DALY T-test Results  

A student's T test was done on 1000 runs without mhealth and 1000 runs with mhealth                
implemented. Each run, as explained before, was for 1000 patients over thirty years. After 1000               
replications, the simulation shows implementing mHealth reduces the DALY from 16 to 15             
years lost, as well as reducing the variance from 14 to 13.This reflects a 7% improvement to the                  
DALY caused by diabetes. With 2000 degrees of freedom the simulation shows with 99%              
confidence that mHealth improves DALY.  
 
We used our utility function to find the highest performing alternative. Then, using the results               
from our simulation, as well as visual inspection, we were able to perform a verification               
inspection to see if the system met the mission requirements. 

6.0 mHealth Designs 
Once we validated that mHealth has the potential to make an impact and that it is reasonable for                  
us to implement mHealth solutions based on our simulation, we designed alternatives for             
delivering mHealth solutions to Puerto Cabezas, Nicaragua. Each one had different pros and             
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cons, and through our utility analysis, we were able to select the one we believe is the is most                   
impactful to move forward with.  

Finding Applications for Design Alternatives 

For this project, we evaluated IP based apps. In order to do this efficiently, we used a computer                  
to search through websites that host them. There are two main places to get IP based mobile                 
applications: the Apple App Store and the Google Play Store. The market in Nicaragua is mainly                
android, which needs android applications from the Google Play Store. We used and evaluated              
the android play store and identified a major concern of not being able to easily filter out if a                   
application is restricted in Nicaragua. We would need to use a Nicaraguan proxy because the               
google play store filters what to show you depending on where you are accessing the play store                 
from. However, one advantage the google play store website is that you can search for keywords                
like “Diabetes.”  
 
The second place to get IP based phone applications is the Apple App Store. However, while                
using the Apple store, unlike in the Google Play Store, you cannot search for keywords such as                 
“Diabetes” on the computer. This capability is only on an apple mobile device. In contrast, the                
Apple App Store allows you to easily select Nicaragua as a Country to filter apps available there.  

As explained before there are now over 160,000 mobile         
health applications. For this project we need applications        
that satisfy the design requirements. From research, trial        
and error, as well as our intuition we have made a process            
to help this daunting task.  

Our first criteria for the applications is that they are related           
to diabetes. Because our current user population is in         
Puerto Cabezas, Nicaragua the application needs to be        
readily available in spanish. From research previously       
explained Puerto Cabezas has at most 3G GSM        
capabilities, so applications that need 4G or equivalent are         
out of scope. An assumption for our user population is that           
many may only have access to older model android or apple smartphones. For this reason we set                 
the requirement for the application to run on the current lowest supported software, for Android               
it is 4.4 (kit-kat). iOS is a bit harder. Our target user, as previously explained, is the Salubrista                  
(community health worker), and it needs to be free to download. Highly similar applications,              
such as pro or other versions of the same base application, were excluded.  

We began by putting the applications into our four chosen categories, educational, awareness,             
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project management, and treatment, according to their main functions. Our team stopped looking             
at new applications when we five in each category. Each member of the team was tasked with                 
downloading and using a single application at a time. 

The chain of events that we used to evaluate the apps is as follows. Each member downloaded an                  
app and evaluated to see if if they fit the criteria. Then each member went through the MARS                  
test and log the data into an excel spreadsheet. From here we were able to decide which apps we                   
would like to move forward with. For the apps that were only available in Spanish, peers that                 
spoke Spanish aided in the testing process.  

As each member researched and tested apps, we found that there were a limited number of apps                 
that performed well and provided the necessary functions - this list grew razor thin once we                
started removing apps that did not have the option of translating the content to Spanish. There                
were only a handful of apps that had Spanish capabilities and from those, we found one, Diabetes                 
T2, that performed well in our tests.  

Ultimately the mHealth apps that we went with were the application Diabetes T2 and a               
customized excel dashboard through the Microsoft Excel App. The process of this decision can              
be seen below. We started off, as stated before, by doing the MARS test.  

App Name Primary Category App Quality Mean Score 
Sugar Sense Data Collection 4.31 

Patient Medical Records & 
Appointments for Doctors Patient Management 4.03 

One Drop Data Collection 4.73 

Kingfit Education 4.55 

Diabetes T2 Education 4.20 

Diabetes Ahora Education 3.40 

Diabetes Dia a Dia Education 3.60 

Patient Management Patient Management 3.40 

Datos Health Patient Management 3.10 
Table 6.1 

To start, it is important to note that there is not an app from the category “Awareness”. This is                   
because there are not many that fit this category. Apps that were classified as awareness were                
apps that were similar to that of a magazine app - think Time magazine on your phone, except                  
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for Diabetes. The few that were found were generally created by diabetic agencies such as the                
American Diabetes Association (ADA). However, these apps were not available in Spanish and             
required a paid subscription. Therefore, these apps were rules out of the analysis. The second               
category that was ruled out was Data Collection.  

We had high hopes for Data Collection as this is a serious problem in the Salubrista Network. It                  
is a predominately paper based network - patient records are paper based, not digital. This               
promotes serious problems with remember patient history. Initially, as is seen, the data collection              
apps scored well. They have great functions that help track glucose, weight, nutrition, and some               
even make estimations for HbA1c among various other functions. These are the most common              
mHealth apps relating to diabetes - a personal app that tracks your diabetes statistics in order to                 
keep you informed and up-to-date with your health. However, the key description of these apps               
is that they are ‘personal’. That is, they are only associated to one person. In order for a data                   
collection app to be useful in the Salubrista Network, it would need to have the capabilities of                 
tracking hundreds of patients at a time, and this was a function that the data collection apps did                  
not have. Therefore, this category of apps was ruled out.  

This leads us to the analysis of our patient management apps. There are few patient management                
apps because many of the apps being offered on app stores are personal - the target individual is                  
the patient, not the medical professional. It is assumed that medical professionals have the              
necessary tools that they need. However, patients need as much assistance as they can get.  

Recognizing the need for a streamlined, digital patient management system, we decided to fill              
this need by creating a personalized, excel dashboard. This dashboard allows the Salubristas to              
record basic patient information such as name, address, blood pressure, height, weight, etc. It              
provides a digital source for taking notes and looking at the progress of patients over time. This                 
will the Salubristas to treat more patients with more accuracy and efficiency. This excel              
deliverable is explained further in the following section. 

Excel Patient Management Deliverable  
 
Our team wanted to give something tangible to our sponsor. We continued to work towards this                
project’s charter of finding and evaluating the best mHealth applications for Salubristas to help              
diabetic patients within Puerto Cabezas, Nicaragua.  
 
The excel dashboard is a transitional deliverable that can be implemented quickly. From our              
research Nicaragua cannot incorporate fully digital records at this time. However, this is a great               
step in this direction. This alternative has the potential to be greatly expanded upon - other health                 
factors, different regions, different projects. We believe this is a solution that we can give to our                 
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sponsor and still fills a gap in healthcare in Nicaragua. It is specific to the Salubrista network, so                  
while the idea is that it is able to be replicated, our deliverable is tailored to the Salubrista                  
network.  
 
We will hand this to our sponsor on a USB drive that he can take and copy onto the Salubrista                    
computers. This is the beginning of having the Salubristas digitizing their patient records. These              
excel records can be later uploaded into a database and be used as a start of a patient system that                    
can be accessed remotely.  

Technologies Testing  
 
After identifying the mobile educational application diabetes T2 and the creation of the patient              
management application that can be used through the excel mobile application we then needed              
non-internal proof that these technologies were going to be usable by the Salubristas. This test               
technologies usability test was also done to determine the functionality of our proposed solution,              
and find potential flaws in our initial design concepts. 
 
The experiment was conducted with 10 participants, their ages ranging from 19-60. In addition,              
their Spanish literacy levels ranged from basics taught in high school level Spanish I to fluent.                
This mix of spanish literacy levels reflect the levels similar to that in rural puerto cabezas where                 
some Salubrista’s are fluent but a few still speak native languages, but are able to read and speak                  
Spanish as a second language. This mixture is also present in the population the Salubrista’s are                
taking care of. 
 
The Spanish translation was done originally in Google Translate. Unfortunately, that was only             
partly successful. Before conducting the technologies test, the consent form and the questions             
(subjective and timed) had to be checked for not only accuracy and jargon, but for complexity as                 
well. The consent form and test questions were edited during multiple sessions with college              
whom is fluent in Spanish and English. Mr. Villarroel Vilcas was able to fix the translation and                 
make it easier for the Salubrista’s to understand [52].  
 
The participants were asked to sign a consent form as well as perform a series of timed tasks                  
which were measured to make sure that they fell within the maximum time set. This time was                 
determined by how long we felt the Salubristas would be willing to use the system before losing                 
interest. The participants were also asked to fill out a MARS rating evaluation for both the                
education application (Diabetes T2) and the excel dashboard. Please see the tables below for a               
summary of the technologies test, and please see the appendix for a copy of the documents in                 
English, and Spanish. 
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Question Usability 
Goal 

Requirement 
Time 

Average 
Participant 

Time 

Minimum 
Participant 

Time 

Maximum 
Participant 

Time 

Most Common 
Subjective Rating 

(Easy, Med, 
Hard) 

Open the Application 
Called “Diabetes T2” 

30 Sec 16 Sec 11 Sec 27 Sec Easy 

Please locate the 
information about 
Hypertension 

2 min 40 Sec 55 Sec 1 min 
20 Sec 

Medium 

Please locate the 
information on how 
diet affects Diabetes 

2 min 39 Sec 20 sec 1 min Medium 

 
Table 6.2.: Diabetes T2 Results 

 

Question Usability 
Goal 

Requirement 
Time 

Average 
Participant 

Time 

Minimum 
Participant 

Time 

Maximum 
Participant 

Time 

Most Common 
Subjective 

Rating 
(Easy, Med, 

Hard) 

Please open the Excel 
Application 

30 sec 20 Sec 12 sec 25 sec Easy 

Please make a new 
patient entry, enter in 
the NAME as Maria 
Sanchez, WEIGHT as 
150, and follow up date 
as May 6th 

4 mins 2 min 
25 Sec 

2 mins 
 

4 mins  
2 seconds 

Medium 

Please find and say out 
loud the weight of Jose 
Garcia 

2 mins 58 seconds 37 seconds 2 mins 
8 seconds 

Easy 

Table 6.3: Excel Results 
 
An important part of this technology usability test was the initial feedback with the screen on a                 
cellphone and needing to the use the excel dashboard. After one participant no longer agreed to                
be timed taking the test, the team re-evaluated the proposed alternative.vAthen found a way to               
fix this flaw in our design by using a tablet- the amazon fire tablet. We changed each of the three                    
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alternatives that use diabetes T2 and the dashboard and loaded them on a tablet and reran the test                  
and the participants no longer had the frustration because of a bigger screen.  

Design Alternatives 
Now that we have described the two applications that we used, we will present the four                
alternatives to implement mHealth in this healthcare network.  

Alternative 1 - App recommendation 

Using the two applications mentioned earlier - Diabetes T2 and the excel dashboard - this               
alternative would provide the Salubristas with the personalize, excel dashboard for patient            
management and recommend they use the app, Diabetes T2. This alternative hopes to solve the               
problems faced from a non-existent patient management system and a lack of education             
involving diabetes.  

The pros of this alternative is that it would be very quick to implement and highly trainable.                 
There are very little moving parts to this alternative. The downside is that it would have a limited                  
impact. Not all of the Salubristas have a mobile device and there is only one computer between                 
the five of them.  

The hardware costs for this system is $5. Although the excel dashboard was free to build and the                  
Diabetes T2 app is free to download, it was our sponsors advice to list costs as free or zero                   
because the people of the region was interpret the items as useless.  

Alternative 2 - App recommendation + phone 

This alternative was developed in light of the cons of the first alternative. To overcome the                
limited impact the first alternative has, because not all the Salubristas have phones, we designed               
an alternative the involves given the Salubristas a tablet as well as the two apps previously                
discussed. The tablet that would be provided will be the Amazon Fire 7. This allows each                
Salubrista to have access to the apps and patient management techniques. The hardware of this               
alternative is approximately $330 for the five Salubristas. Each tablet is $65.  

Alternative 3 - App recommendation + phone + radio communication device 

This alternative involves providing the tablet previously discussed, the two apps, and a device              
that allows the tablet to communicate over radio waves. This alternative was designed in light of                
the potential need for communication among the Salubristas. The device that would be used to               
enable this is called Beartooth. It is a device that provides texting among other phones/tablets               
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with this device up to 10 miles and calling among other           
phones/tablets with this device up to 5 miles. The device is further            
explained below. The hardware cost for this alternative is         
approximately $900 for five Salubristas.  

Beartooth is a handheld device that connects to a cell phone/tablet           
via bluetooth. It has push-to-talk (individual or group) up to 5 miles            
and texting (individual or group) up to 10 miles. It has offline,            
topographic maps and can charge a phone as well as a 4 day battery              
life. The range of communication can be increased through mesh          
networking. It requires Android 5.0/ Iphone 5s and above and          
operates over a 900 MHz band. 

beartooth.com 

Alternative 4 - mHealth Platform 

This alternative will provide the Salubrista network with the ability to connect any collected              
health information to their existing network to provide useful insights into the current health of               
the population. This devices allows for various types of applications to be built that can change                
to whatever the needs of the population become. The mHealth platform can use the most basic                
phone application such as SMS or it can host smartphone          
applications. The real utility in this device is being able to           
connect health information across different mediums of       
mHealth delivery. This alternative is device agnostic and        
works within the existing Nicaraguan telecommunication      
network. This device has the ability to cheaply scale, adapt          
to population needs, and works across various devices. Two         
major issues with this alternative are the data costs and          
maintaining the system throughout the entire lifecycle. 

The prototype currently has the ability to deliver health information via SMS through the              
wikipedia API and uses sourced information to provide diabetes health tips. This information is              
currently available. Future apps for this platform include disease predictive model, medication            
inventory management, simple patient database, reminders app for patients delivered via SMS,            
and the system can host and manage surveys for patient and health workers education              
assessments. The simple system also has the capability to share access to the information to               
interested parties like MINSA or VERBO. 
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7.0 Chosen Alternative 
Once the alternatives were developed, we started the analysis process. We first calculated the              
cost, then utility, then compared this in our cost vs. utility to find the best alternative to move                  
forward with.  

Total System Costs 
This project is very cost sensitive. It is a large factor in the analysis of which alternative to go                   
with. Table 7.1 displays the costs for each alternative. The development cost is the cost of this                 
project or the cost of the research. This is the cost that can be seen in the Management section.                   
The hardware costs are the costs mentioned in the alternative section for the particular              
components. The recurring cost is only relevant for alternative 4 as it deals with data.  

 
Table 7.1 

The next section is implementation cost. The importance for estimating the implementation costs 
was that the estimation was conservative in order to ensure enough time. The process for 
calculating the implementation cost is as follows. Panorama Consulting-Solutions says a rule of 
thumb is to assume the cost of ERP implementation will be 5% of your annual revenue [51]. We 
assumed our annual revenue to be our development cost. 5% of our development costs is 
approximately $3,750. Because each alternative would take a different time to implement, we 
had to represent that in the costs. To do this, we took the utility value (the process of calculating 
this can be seen in the Utility Analysis section), subtracted it by, added an error of 0.33 to ensure 
that we were being conservative with our estimation, then multiplied that by $3,750 to get our 
implementation costs. The process can be visualized in the table below.  
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Alternative 
 

Utility 
Time 

 
1 - Time 
 

plus 0.33 for 
error 

purposes 

5% of 
development 

cost 
Implementation 

Cost Rounded 

Alt 1 1 0 0.33 $3,750.00 $1,237.50 1,300.00 

Alt 2 0.33 0.33 0.66 $3,750.00 $2,475.00 2,500.00 

Alt 3 0.66 0.66 0.99 $3,750.00 $3,712.50 3,800.00 

Alt 4 0 1 1.33 $3,750.00 $4,987.50 5,000.00 
Table 7.2 

 
Once these costs were developed, we were able to use them in our utility analysis described in 
the next section. In our cost vs. utility analysis, the costs that were used were the hardware, 
recurring, and implementation costs.  

Utility Values 
Through research and communication with our sponsor, we decided on these four factors for our               
utility function: Impact, Time to Implement, Communication, and Meantime between Failure.           
Our full utility matrix can be seen in table 7.3 
 

 
Table 7.3 

 
Impact represented the impact we believed that the solution would have on the Salubrista              
network. This was comprised of three factors: Education, Patient Management, and Decision            
Support. 
 
As mentioned, time is the time it takes to implement relative to each other alternative. The                
numbers do not represent a specific time frame, rather the represent the time to implement in                
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relation to one another. To rank them, we used a ranking matrix seen in table 7.4. In this table,                   
Alternative 1 - phone apps, is the quickest, so it was given a 1 when compared to all other                   
alternatives.  
 
 

 Alt 1 Alt 2 Alt 3 Alt 4 

Alt1 x 1 1 1 

Alt 2 0 x 1 1 

Alt 3 0 0 x 1 

Alt 4 0 0 0 x 

Value 1 0.66 0.33 0 

Table 7.4 
 

Communication is simply a binary value: 0 or 1. If the alternative had the ability to allow the                  
Salubristas to communicate, it was given a 1. In this case, Alternative 3, providing the apps,                
tablet, and radio device, was the only alternative that had this ability.  
 
Meantime between failure was the expected time until the system needs repair within 10 years.               
This was calculated the expected time to failure of particular components. For alternative 1 -               
Mobile Apps, the applications can essentially last indefinitely besides the occasional update.            
Therefore, this alternative was given a value of 0.99. For alternative two, we expect the tablet to                 
last two years. For alternative three - Radio Device, we expect the first component to fail to be                  
the tablet giving this alternative a MTBF of 2 years. Therefore, the tablet and radio device                
alternatives were given a utility value of 0.25. The final alternative, alternative 4 - mHealth               
Platform, was given the same utility value of 0.25 because we expect the first component to fail,                 
the sd card, after 2 years.  
 

Utility Function 
Once we gave each alternative their utility value, we had to give weights to each factor and form                  
the utility function. This was developed with the help of our sponsor. The utility function was                
given as: U(cost) = 0.7(impact) + 0.05(Time) + 0.05(Communication + 0.20(MTBF). As one can              
see, the most important factor was the impact with the second most important being MTBF. 
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Utility vs. Cost 
Once the alternatives were given their values and the utility function was formed, we were able                
to look at our utility vs. cost in order to decide which alternative to move forward with. As                  
mentioned before, the costs used in this section are the hardware costs + recurring costs +                
implementation costs of each alternative. Table 7.5 displays this.  
 

Cost 
Alt #1 - 
Mobile Apps 

Alt #2 - 
Tablet Alt #3 - Radio 

Alt #4 - Health 
System 

Hardware $5.00 $330.00 $900.00 $180.00 

Recurring 
(yearly) $0.00 $0.00 $0.00 $170.00 

Implementation $1,300.00 $2,500.00 $3,800.00 $5,000.00 

Total $1,300.00 $2,800.00 $4,700.00 $5,400.00 
Table 7.5 

Given these costs, we graphed each alternative based on its total utility and cost. The utility                
values can be seen back on table 7.5. Figure 7.1 displays this graph.  

 
Figure 7.1 
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Chosen Alternative 
Based on our utility vs. cost graph, alternative two - tablet, is the most efficient alternative in                 
terms of utility and cost. In light of that, we decided to select alternative two - tablet, as our                   
chosen alternative. Aside from our utility vs. cost analysis affirming this decision, we believe              
this alternative is the most influential as well. The alternative gives each Salubristas access to the                
Diabetes T2 application and the Excel patient management dashboard through Amazon Fire            
tablets. Not only do we believe this will be impactful now, but we believe that it has the potential                   
to be expanded on.  

8.0 Implementation Plan 
Our implementation strategy is designed to maximize impact of the Tablets & Apps             

alternative. We found that five year phases work best due to the changing nature of technology.                
To accomplish proper implementation of this alternative we must identify necessary resources,            
create an implementation timeline, and indicate measures of success for a phase. To properly              
implement the Tablets and Apps alternative we focused on two main objectives which were              
training the Salubristas and evaluating and maintaining system performance. Please see appendix            
G for pictures of the Salubrista’s in action, the pictures provide insight on their working               
conditions and the potential for mHealth to be implemented. 

Implementation Phases & Expansion in Nicaragua 
Phase 1 serves as a beta test for mHealth within the region using the Tablets and Apps                 
alternative. To give phase one the best chance of success we will need Trainers to train                
Salubristas on the new applications, Technicians to ensure that the devices and applications are              
still working as intended, and Surveyors to administer surveys which will help determine if we               
meet measures of success. If we meet measures of success for phase one we will then move on to                   
phase two with a newer mHealth technology that will have been tweaked based on our               
measurements from phase one. 

 
Figure 8.1 

The timeline above shows the tasks that must be accomplished on a year to year basis. At the                  
beginning of a phase two baseline surveys will be given as well as training on the specific system                  
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being implemented. For phase 1 this is the tablets and apps alternative and for phase 2 it could be                   
any of the alternatives we outlined in prior sections of the report. The technology used in phase 2                  
will be decided upon during the fourth year of phase one where evaluation of performance will                
be measured again. The two measures of success we will be using are education surveys and user                 
satisfaction surveys to determine if the population is learning more about diabetes and if the               
Salubristas are satisfied with the chosen mHealth system. If measures of success fail to be met                
then phase two of implementation will not begin.. Since we don't yet know which technology               
will be involved in phase 2 of implementation we have not fully developed a strategy for it yet,                  
but this would be done after the data from year four has been collected and analyzed. 
 

 
Figure 8.2 

The image above shows a visualization of what we expect the expansion of phases to look like                 
within Puerto Cabezas. Phase one focuses on a subset of Puerto Cabezas that relies on the                
Salubrista network while phase two moves to the entire city. 

Project Funding & Future Expansion 
 
There is currently a project called Nicaragua Strengthening the Public Healthcare System that             
has been identified as a potential source of funding. The project budget is $60 million, and its                 
purpose is to revamp the public healthcare system of Nicaragua [54]. Another potential source of               
funding would be non-profits like Verbo’s Renew the Hope program, which has already             
collected $220,000 in funding in 2018, or crowd funding.  
 
Our analysis also determined there is the potential to expand our technology and implementation              
methodology to many other countries with similar problems as Nicaragua. Examples of similar             
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countries are shown below with their Human Development Index (HDI) which is one of the               
criteria we use to determine potential countries that can benefit from our mHealth solution [53].  

Country  Human Development 
Index (HDI)  

Nicaragua  0.645  

Albania  0.764  

Algeria  0.745  

Bolivia  0.674  
Table 8.1.  Potential expansion target countries  

This project was not designed around the idea of making money. It is not a commercial product,                 
but rather is a system that can increase public health and welfare. When measuring the cost of                 
mHealth against its benefits, like many other health projects, the true benefit is seen over time.                
You are not just attempting to change the lives of a handful of current Nicaraguans, but to                 
change the trajectory of healthcare in the country for the benefit of generations to come.  

9.0 Project Plan 
Project planning is a critical part of project management. In the following section this project's               
work breakdown structure, schedule (done in Microsoft Project), budget, EVM along with CPI             
and SPI will be explained. In addition this project's risks and mitigation strategies, as well as the                 
systems risks and mitigation strategies will be discussed. Directly after is a section on monitoring               
and control, which is essentially a discussion on some of the guidelines we set for ourselves. 

Work Breakdown Structure 
The work breakdown structure or WBS shown on the following page outlines the major              
milestones and deliverables that need to be completed for our project to be considered              
successful. There are thirteen main tasks associated with this work breakdown structure. Each of              
these main tasks have been bolded for clarity and will be shown in the Gantt chart, as well as our                    
weekly timesheet. The Simulation Design/ Code/ Debugging is shown to have three phases. It is               
these phases that represent a more detailed description of the plan for the simulation              
development. The Gantt shows that the initial development for the simulation is in fact broken               
down into research and development sections of it, and that the iterations each have their own                
subtasks. Another task that has been summarized for easy readability is Research. Again the              
details of the subtasks for the tasks Nicaragua and mHealth have been hidden here but are                
detailed in the Gantt chart.  
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Fig. 9.1 
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Change of Work Order/ Updated WBS 
 
After the winter holiday it was made clear to the team that there was not going to be an                   
opportunity to obtain information directly from Nicaragua because of an unfortunate cancellation            
of out sponsors trip. We decided to do a technologies test here to collect usability data                
ourselves.We were also able to get in contact with Emily through Facebook. There is a copy of                 
the Change of work, see appendix B. 

Schedule  
 
A very detailed Gantt has been constructed to help plan this years work breakdown. It is slightly                 
more detailed in the second and third levels than the WBS. It contains over 100 tasks, please see                  
the following pages for the entire break down. The total project man hour estimate was just over                 
1500 hrs.  
 
Some important notes about the management include how general ongoing management was            
calculated. The general ongoing management includes tasks such as planning for the next week's              
work distribution in a team meeting each week. We also included fifteen mins for each person to                 
talk about any important information in all our weekly meetings. Hours for group and individual               
consultations with professors and professionals, as well as hours for other management duties.             
Another important aspect of the Management task is the when EVM will be done, starting Oct                
1st, bimonthly on the 1st and the 15th of each month. The time duration for doing the EVM                  
started at 1 hour for the first month because of initial set up/ learning and decrease throughout                 
the project down to about 15 min during the later months. Having the EVM roughly every 15                 
days helped to keep this project on time. Knowing you are behind schedule is key to finding                 
ways to fix problems that will most likely arise.  
 
Research was extremely important to this project. As discussed previously, the majority of the              
research was conducted before the start of 2018. Not completely shown in the image above, but                
in the full Gantt chart are some research milestones. Many are broad research areas that are                
crucial to understanding the current conditions in Nicaragua as well as the leading research in               
mHealth. Other more specific tasks include finding correct distributions, relevant health           
statistics, and numbers for available healthcare resources. Understanding the leading mHealth           
information was important for each team member. The American Telemedicine Association has            
a forum on their website where exclusive industry research is posted. It also allows us to see                 
what leaders in this field are talking about and connect with them. Because this is so important                 
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it's estimated that ten hours per team member will be allocated to looking though at this                
information.  

Schedule Overview: 

 
These main tasks were built from the previously discussed work breakdown structure. They also              
coincide with our weekly timesheets. Management as well as simulation design, code , and              
debugging had the most allotted hours with over 200 hours in each category.  
 

 
Figure 9.2 

Detailed Schedule: 

 
A detailed schedule is shown on the next two pages, it includes predecessors that show which                
tasks must be completed before moving onto that task. They are critical in completion and are                
discussed in the next section which shows the critical path for this project 
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Figure 9.3 
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Figure 9.4 
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Critical Path  
This figure shows the critical path that we followed to complete our project. 

Figure 9.5 
For this project’s budget the planned hours are multiplied by fifty dollars.  This fifty dollars per 
hour pay is broken down by the following: 

 
Figure 9.6 
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Budget  
 
The budget described below includes hours planned. These hours are taken as estimates rounded              
to the nearest multiple of five from the previously discussed gantt chart. The hours earned were                
used against the actual hours earned in the next section to evaluate our project and obtain critical                 
earned value management values.  
 

WBS Name Hours 
Planned 

Budget Actual 

1.1 Management 280 $14,000 281 

1.2 Research 145 $7,250 105 

1.3 CONOPS 85 $4,250 74 

1.4 Requirements 55 $2,750 39 

1.5 Design Alternatives/ 
Architecture 

45 $2,250 96 

1.6 Mobile Application 
Choices 

45 $2,250 33 

1.7 Simulation 245 $12,250 184 

1.8 Testing and Analysis 145 $7,250 72 

1.9 Integration Plan 65 $3,250 34 

1.10 Demonstration/Acceptance 10 $500 6 

1.11 Presentations 145 $7,250 231 

1.12 Documentation 195 $9,750 273 

1.13 Competitions 70 $3,500 58 

 Totals:  1530 $76,500 1488 

 
Figure 9.7 
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Earned Value Management 

 
Figure 9.9 

 CPI and SPI 
In order to help visualize how our project is coming along, we calculated and graphed the                
scheduling performance index (SPI), cost performance index (CPI), and the critical ration            
between the two each week.  

 
Figure 9.10  
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Project Risks and Risk Mitigation 
 

 
Figure 9.11 

 
In the figure above, the project risks are shown in order of the most to the least risk. Eat apples                    
stands for the recommendation that the group member who is sick will take care of themselves.                
Getting better is a top priority for our team. Our team discussed and agreed if it was necessary                  
we would work harder and compensate for any member who is unable to complete their work                
because of illness. Luckily this did not happen, even through illness the team members get their                
work done. 
 
We also have a gentleman's agreement for notice of not showing up to a meeting, the member                 
will try their best to be able to join via google doc chat, google hangouts, or will make a follow                    
up meeting with team leader or other members for needed information.  
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System Risks and Mitigation 

 
Figure 9.12 

In figure above the system risks are shown in order from the most risky to least risky. These are                   
risks we see that could decrease effectiveness of implementation or use of the system. Risks we                
have already mitigated are the limited coverage and the poor connection by restricting the scope               
to Puerto Cabezas. The system risk of resource shortage is something our implementation             
strategy will address. Introducing mHealth will increase resource utilization, but only if we             
choose the correct combination of applications and implement them into the existing healthcare             
network properly. If this is not done properly then our system will not function at its best. To                  
make this less likely we will select a combination of apps to give Salubristas many different tools                 
to use. We mitigate the variability in technologies by restricting the applications to being from               
the google play store and apple application store. To ensure the information on the applications               
we select is correct before we implement the system we would hire a translator to go through the                  
applications to make sure the information is clear and helpful. We have enacted these mitigation               
strategies to help us design the system to the best of our abilities while meeting stakeholder                
needs. During the creation of the technologies test, our team did need to use a translator because                 
of the imperfect Google translation 
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10. Project Lessons  
When tackling a problem as vast as the implementation of mHealth the team found that scope                
was the most important factor. Be careful not to burn up too much time in too many iterative                  
sprints of defining and redefining scope, and have plans in place to reduce scope creep. With                
mHealth technologies this project found it was very easy to stumble upon new research and want                
to incorporate that into the project.  
 
Next when developing our strategy to quantify the impact of mHealth the original plan was to                
model the healthcare network without mHealth and then introduce mHealth and measure the two              
results against each other. This was attempted in arena and will be explained in detail in the next                  
section. However, after analysis and more communication with our stakeholder we found that the              
importance was not in scheduling and queuing but what we needed to model was the progression                
of diabetes over a person's entire life. While we were interested in the immediate effects of                
mHealth, as many healthcare related systems the effects are compounded and build off many              
years of better health and prevention. This was the main reason, the dynamic ability to add                
additional features when writing your own code was also a factor. 
 
Finally there were a few things the team wanted to expand on with the python simulation. The                 
hope was to use it to create a baseline for moving to a second generation of the system. But                   
healthcare changes happen over time, they build upon each other and compound into benefits              
that may be felt only after a decade or so .  

 Overview / Hope for Simulation 
For the arena model we began to use other countries mHealth case studies including adoption               
rates and statistics. The design will came from our sponsors first hand data of Salubrista Network                
as well as other similar community health worker networks. It was hoped to model a patient’s                
life as a diabetic through interactions with the healthcare system. It was designed to take into                
account diabetes growth, exponential network growth, and tracks life expectancy. The hope was             
to be used to show potential bottlenecks, potential expansion, and issues with the distribution of               
resources when mHealth is implemented. However the team decided to move to the python              
environment to better see the impact over time, instead of queuing of patients in Arena. The next                 
few sections will talk about the work we started in Arena 

 Arena Simulation Initial Assumptions 
1.Number of patients in current Salubrista Care system is 500 2. 8.1% Adult Population has               
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diabetes 3. The patient number expected to grow by 100 people each year. 4. There is a projected                  

0.1% increase in diabetes patients each year 5. 51% of population dies each year in NI, and                 

diabetes patients have an estimated 40% higher risk of death than the general population: Risk=               

0.71%  

Using these assumptions, the number of people that will be modeled at the start of the system                 
will be 40.5 diabetic patients. The growth equation for new patients is: [500+100(x-1)]             
(0.001(x-1) + 0.081)]. In addition over the course of the first decade there would be 126 total                 
diabetic Patients. We have also created an equation for the number of patients leaving system. It                
is defined by the equation: [40.5+SUM([500+100(x-1)]0.001)]*.0071. Lastly, the new incoming          
patients will be equal to the growth equation plus the equation for the number of patients leaving                 
the system. One Simulation run will be about 100 years. This is because mHealth impacts a                
population very slowly, and we want to be able to see how it impacts a person’s entire life.                  
Salubristas are resources that work on a set schedule and are only available for those times. The                 
diabetic patients are the entities. Also if a person cannot be seen by a Salubrista and they are                  
significantly delayed their likelihood of a bad outcome from their assigned illness will be              
increased. 

Original Arena Simulation Requirements 

Number Requirement 

SR.1 The simulation shall match expected death rates within +/- 20% 

SR.2 The system shall track HbA1c number 

SR.3 The system shall be representative of the Salubrista Healthcare Network 

SR.4 The system shall simulate 30+ years 

SR.5 The system shall allow integration of mHealth 

Table 10.1 
The table above represents our simulation requirements. In order for this Arena simulation to be               
effective, it must meet these requirements. SR.1 represents a simple accuracy constraint. SR.2 is              
crucial for us to track HbA1c and see if the apps meet MR.4 (reducing HbA1c). In order for the                   
simulation to be considered accurate, the simulation needs to simulate 30+ years or half a life                
cycle.  
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Simulation Diagram 

Figure 10.1 
In the figure above you can see the current progress of our Arena simulation. The model is                 
scheduled to be finished before the end of January 2018. Our team has obtained a full academic                 
copy of the software so we will not run into any entity limitations. The next few figures will                  
walk through major components of the Arena simulation.  
 

1. Enter Salubrista Network  
In Puerto Cabezas, Salubrista’s, or community health workers, go door to door asking if families               
would like to be under their care. This translates into the Arena model as the question of would                  
you like care? Based on the rate of new patients (data from the last three years) patients will be                   
created into the system.  
 

2.  Does Patient have Diabetes? 
After an entity, or patient, is created they        
will be assigned a HbA1c, or glucose       
level. The distribution of levels will be       
based on research done in other countries       
but be fitted to match Nicaragua's      
prevalence of diabetes. The part of the       
Arena model below also shows that all       
non-diabetics will be disposed out of the       
system. The Assign 3 block will be a        
representation of which and how many Figure 8.2 
resources these non-diabetics will have on the Salubristas they share with the patients in this               
model. 
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3.  A Patient Needs Care 
A patient will be assigned a delay before the next time they need care. This will be based on their                    
current HbA1c level and research into how often a patient with a certain level needs care.                
Similarly the type of care they need will be modeled in the simulation, this will be assigned to                  
them and they move on to make a decision to get care or not. This decision will be increased if                    
mHealth is involved. If the decision is to get care, based on research the patient will make                 
another decision for the type of care they will seek out. Represented by blue arrows are the paths                  
for the escalation directly to the hospital and directly to the physician. However without mHealth               
very few patients will be making the decision to go directly to the hospital or Physician. This is                  
based on research shared from our sponsor that patients follow a hierarchical progression             
through the healthcare system. The types of care include; Self Care, Salubrista Care, Physician              
Care, and Hospital Care. 
 
The delay node, Diabetics Life, is where most of the entities will be during the simulation run.                 
Each patient loops back into the life delay and is assigned a delay time based on research (also                  
from their assigned HbA1c number) for how long a diabetic will go without complication. When               
a diabetic leaves the Diabetic Life delay node they will move though the rest of the system and                  
come back into the life display unless they suffer from a diabetic complication that results in                
death and disposal out of our system. Other death factors will have to be considered to meet the                  
simulation requirement of matching Nicaragua's current death rates.  
 
 
 
 
 
 
  
 
 

The arena model was created to represent the escalation flow          
patients usually see in Puerto Cabezas. This information was         
shared to the team from our sponsor. The escalation without          
mHealth is shown as a patient visiting a Salubrista, then a           
physician, and only if escalated further, hospitalization. Limited        
prevention, as shared with us by Danny Moore, (our sponsor          
from MITRE) is a major concern when each step in this process            
is often slow and full of repetition of questions and answers           
about the patients symptoms. Escalation figure Created and shared by Danny Moore.  
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4. Salubrista Care 

 
The next section of the model will represent the typical interactions between the Salubrista and a                
patient. There are two ways a patient can be seen by a Salubrista, house calls and visits to the                   
Salubrista community center or the Salubrista house. With house visits the overall delay time              
will account for the wait time for a Salubrista to be available for a house call and include a                   
distribution on the time it would take for the Salubrista to get to the house. Similarly to house                  
visits, there will be a delay distribution associated with visits where the patients is the one                
traveling to see the Salubrista. 
 

5. Diagnostic Decision  
 
Part of a Salubrista’s job is going through a series of questions and answers with the patient.                 
They will attempt to then make a diagnostic decision, which will have a probability of being                
wrong. A misdiagnosis will cause a delay and cause an increase in the patient's risk of their                 
HbA1c level increasing. The patient can be required to undergo more testing, be discharged and               
heads back to the life delay block, or escalated and sent to see the physician. There are a few                   
different tests that the Salubrista’s can perform. The test will be assigned a delay time and certain                 
resource will be recorded as used or in use. As of right now there is no direct escalation to the                    
hospital, but this will be added into the simulation to allow for more a realistic simulation 

Figure 10.3  
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6. Physician Care and 7. Hospitalization 
 
Physician care will be used to track the resources a diabetic patient uses, and the frequency of                 
visits and show how it impacts the direct Salubrista network. The hospital escalation works the               
same way but also includes a dispose incase a certain procedure has not been successful. This                
section of the simulation will be refined and researched further to see what we can include that                 
will benefit this project. 

 
Figure 10.4 

       8.  Patient Diabetes Progress 
 
After any type of care, or if a patient does not receive any care they will come through a section                    
of the model that will decide if the patients Hba1c number is increased, decreased, lowered, or                
stays the same. This will be based on what care they receive, or did not receive as well as                   
percentages for a successful cre outcome. 

 
Figure 10.5 
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Python Simulation Continuation 

There were two expansion possibilities the team saw for the Monte Carlo Markov simulation that               
was created to model the progression of diabetes. The first was to differentiate between              
alternatives in the simulation. That was attempted, but as you can see in the figures below there                 
is no clear difference between alternatives. Each alternative was modeled differently and the             
team performed 1000 replications for each alternative. 
 

 
Figure 10.6 

The second was for the simulation to give a metric that explains quantitatively if you should                
move to the second generation of the system. Unfortunately when testing the difference in HUI               
with a student's t test on the mean, there was no significance- there was no change in the mean                   
that couldn't be explained by noise. We substituted using the simulation to recommend a              
threshold by recommending a written test in which improvement can be measured by test scores. 

Raspberry Pi (4th Design Alternative) Expansion 

The capabilities of this alternative reach beyond just sending SMS text messages. The team was               
working on patient management capabilities that can store patient information that the healthcare             
worker messages to the platform. The patient information would be stored in a simple database               
such as MySQL. Other capabilities include sending reminders to the Salubristas such as             
administering medication or making sure they follow up with patients as scheduled. This             
alternative also has the capability to share data with the hospital, as the hospital’s healthcare               
becomes digitized. Easy information access and exchange is a powerful idea, providing people             
with actionable insights that could improve people’s lives. It is an idea that has been taken for                 
granted in the developed world. 
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Closing Remarks 
We sincerely hope that the Salubrista network in Puerto Cabezas continues to grow and give               

more rural Nicaraguans better health care. We hope that you have learned not only more about                

how you can implement mHealth in a developing country, but how important it is to deliver                

innovative, simple, cheap solutions that can aid health workers in their work to save peoples               

lives. 

 

Please feel free to email the team if you are interested in our work, or would like more                  

information on content within this report. We would love to hear about your interest in               

implementing mHealth or the Salubrista network. 
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Appendices 

Appendix A: Copy of Project Charter 
10.13.2017 

Project Charter: Diabetes and mHealth in Nicaragua 
 
Background 
According to the World Health Organization, Nicaragua does not have a strategy or plan to address diabetes, obesity, and 
inactivity. With the increase in telecommunications, there is an opportunity to design and implement a mHealth capability that 
meets Nicaragua’s need for action in confronting the growing rate of diabetes, obesity, and inactivity.  
Goals 
·         Design mHealth capability usable on 2G network that addresses need for diabetic services 
·         Design model of healthcare network in relation to diabetes and use to show impact of mHealth capability 
·         Offer recommendations and business plan for implementing mHealth capability into healthcare network 
Scope 
This project will focus on diabetes within Nicaragua. A model will be developed based on the current healthcare network relating 
to diabetes. A mHealth capability will be developed to provide diabetic services in order to bridge the healthcare access gap. The 
capability will be integrated into the model in order to show the impact of the capability on the diabetic healthcare network. From 
the results, analysis and recommendations will be used to form a business plan on integrating the mHealth capability into 
Nicaragua’s healthcare network. The model and mHealth capability will be designed to show the impact of mHealth on 
Nicaragua, and offer insight on the impact of mHealth in developing countries.  
Key Stakeholders 

Sponsor Danny Moore 

Project manager Kristen Brunngraber 

Project team members Abdulaziz Attas, Brandon Tolman, Semion Carter 

Project Milestones 
17-Nov: faculty presentations; 30-Nov: 1st semester report 
 
Constraints, Assumptions, Risks and Dependencies 

Constraints  Class deliverables/deadlines/presentations; 

Assumptions V model approach (class requirement); Health indicators addressed will be narrowed 
down to diabetes; Model will only simulate healthcare network in relation to diabetes 

Risks and Dependencies Recent, accurate data, mHealth capability complexity, model complexity 

 Approval Signatures 

        

  Danny Moore, Project Sponsor   Kristen Brunngraber, Project 
Manager 
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Appendix B: Copy of Request for Change 

Request for Change (RFC) – 
Unique ID: 12345 
Date of submission: February 22nd, 2018 
Initiator of the RFC: Kristen Brunngraber 
Proposed Change priority: Normal 
Reference to Change Proposal: Spoke about it in weekly briefing on February 15th, 2018 
 
Description of the Change being applied for 
 
This change is being requested due to the scheduled trip to Nicaragua being canceled. This 
cancellation of said trip will result in no analysis of primary research. The change of work being 
requested is the deletion of WBS 2.4, Analyze Primary Research: Sponsor, from the project. 
  
Benefits 
Will lower total cost of project by $600.00 [12 hours * 50$]. 
Consequences if change is not implemented 
Twelve hours of scheduled work will not be able to be completed. 
Project components affected by Change 
Will not be able to have Salubristas opinions/ rating of system. 
Strategy to counteract project components that are affected 
Will implement use case tests with people whom have had healthcare related duties here in the 
United States. This will not add any hours to project as demonstration, and acceptance time was 
already budgeted. 
 
APPROVAL: 
  
 
Project Supervisor _______________________________ 

Professor Donohue 
  
  
MITRE Sponsor _______________________________ 
  Danny Moore 
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Appendix C: Technologies Test Informed Consent Form 
 

Informed Consent Form 
 

Thank you for participating in a student led experiment designed to test the             
functionality of a diabetes and patient management system. You will be asked to             
perform a series of tasks that will be timed, asked to rate those tasks, as well as a                  
few subjective questions regarding said tasks and system. The total time for the test              
should be approximately 25 minutes. By signing this consent agreement you certify            
that you understand the following: 
 

● You may terminate the test at any time for any reason 
● You have the right to be treated with respect at all times 
● A copy of this agreement is available for you to keep 
● There are no risks associated with this study 
● Personal information will not be collected 

[Your answers will be kept as participant # X] 

● Data collected is purely for educational purposes 
 

Thank you for your time as it greatly enhances our education, 

I understand the listed items above and agree to participate in the study. 

 

Date Printed Name 

 

 

 

Signature  
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Appendix D: Technologies Test Questions and Tasks (English) 
 

Complete Questions Below Before Tasks 
 
Please Select Your age range: 

● Under 12 years old 
● 12-17 years old 
● 18-24 years old 
● 25-34 years old 
● 35-44 years old 
● 45-54 years old 
● 55-64 years old 
● 65 years or older 

 
What is your experience with Mobile Health 
Applications: 
 
[1] Never used  
[2] Only used a few times   
[3] Use a few times / year 
[4] Use once a month  
[5] Use more than once a month 
 
What's your experience with Excel? 
 

[1] Never used  
[2] Only used a few times   
[3] Use a few times / year 
[4] Use once a month  
[5] Use more than once a month 
 
What is your experience with Diabetes Health 
Applications: 
 
[1] Never used  
[2] Only used a few times   
[3] Use a few times / year 
[4] Use once a month  
[5] Use more than once a month 
 
What's your Understanding of Diabetes? 
 
[1] Never used  
[2] Only used a few times   
[3] Use a few times / year 
[4] Use once a month  
[5] Use more than once a month 

 
 

Complete Rating After Each Task 
 
Please complete the following 6 tasks. Do not leave the Mobile Application once in it (ie: no googling the 
answers). 
 
(1)  Open the Application Called “Diabetes T2” 
 
Please rate the difficulty of the task  
 

Easy 
Medium 
Difficult 

 
(2) Please locate the information about 
Hypertension 
 
Please rate the difficulty of the task  

 
Easy 
Medium 
Difficult 

 
(3) Please locate the information on how diet 
affects Diabetes 
 
Please rate the difficulty of the task  
 

Easy 
Medium 
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Difficult 
(4)  Please open the Excel Application 
 
Please rate the difficulty of the task  
 

Easy 
Medium 
Difficult 

 
(5) Please make a new patient entry, enter in the 
NAME as Maria Sanchez, WEIGHT as 150, and 
follow up date as May 6th 
 
Please rate the difficulty of the task  

 
 

Easy 
Medium 
Difficult 

 
(6) Please find and say out loud the weight of 
Jose Garcia 
 
Please rate the difficulty of the task  
 

Easy 
Medium 
Difficult 

 

Complete after all tasks 
 
Please only select one number 
  
For Diabetes T2: How easy was it to understand the information presented? (Were there words you did 
not understand, or confusing explanations?) 
 
Could not understand Extremely easy to understand 
 
0 1 2 3 4 5 
 
For the Excel application: How easy was it to understand the information presented? (Were there words 
you did not understand, or confusing explanations?) 
 
 
0 1 2 3 4 5 
 

Would you download Diabetes T2 if you were a health worker as a source for Diabetes 
Information? 
 

Yes No 
 

Would you use this Excel Dashboard if you were a health worker as a patient Management tool 
 

Yes No 
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Appendix E: Informed Consent Form (Spanish) 

Formulario de consentimiento informado 
 
Gracias por participar en un experimento dirigido por estudiantes diseñado para           
probar la funcionalidad de un sistema de manejo de diabetes y pacientes. Se le              
pedirá que realice una serie de tareas que serán programadas, se le pedirá que              
califique esas tareas, así como algunas preguntas subjetivas con respecto a dichas            
tareas y sistema. El tiempo total para la prueba debe ser de aproximadamente 25              
minutos. Al firmar este acuerdo de consentimiento, usted certifica que comprende           
lo siguiente: 

● Puede finalizar la prueba en cualquier momento por cualquier motivo 
● Tiene derecho a ser tratado con respeto en todo momento 
● Una copia de este acuerdo está disponible para que usted pueda mantener 
● No hay riesgos asociados con este estudio 
● No se recopilará información personal [Tus respuestas se mantendrán como 

participante # X] 
● Los datos recopilados son puramente para fines educativos 

Gracias por su tiempo, ya que mejora enormemente nuestra educación,  
Comprendo los elementos enumerados anteriormente y acepto participar en el 
estudio. 

 

 

 

Fecha Nombre impreso 

 

     la firma 
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Appendix F: Technologies Test  

Complete las preguntas a continuación antes de las tareas 
 

Seleccione su rango de edad: 
 

● Menos de 12 años 
● 12-17 años de edad 
● 18-24 años de edad 
● 25-34 años de edad 
● 35-44 años de edad 
● 45-54 años de edad 
● 55-64 años de edad 
● 65 años o más 
 
¿Cuál es su experiencia con aplicaciones de 
salud móvil? 
 

[1] Nunca usado 
[2] Solo se usa algunas veces 
[3] Usar algunas veces / año 
[4] Úselo una vez al mes 
[5] Usar más de una vez al mes 
 
¿Cuál es tu experiencia con Excel? 
 

[1] Nunca usado 
[2] Solo se usa algunas veces 
[3] Usar algunas veces / año 
[4] Úselo una vez al mes 
[5] Usar más de una vez al mes 

 
¿Cuál es su experiencia con las aplicaciones de 
salud para la diabetes? 
 

[1] Nunca usado 
[2] Solo se usa algunas veces 
[3] Usar algunas veces / año 
[4] Úselo una vez al mes 
[5] Usar más de una vez al mes 
 
¿Cuál que sabes de la diabetes? 
 

[1] Nunca usado 
[2] Solo se usa algunas veces 
[3] Usar algunas veces / año 
[4] Úselo una vez al mes 
[5] Usar más de una vez al mes 
 
¿Cuál es tu habilidad para leer español? 
 

[1] no puede leer español 
[2] puede leer palabras básicas / comunes 
[3] puede leer algunas oraciones básicas / 
comunes 
[4] puede leer oraciones no básicas 
[5] puede leer español con fluidez (entendiendo 
argot, modismos, etc.) 

 
 

Clasificación completa después de cada tarea 
 
Por favor complete las siguientes 6 tareas. No deje la aplicación móvil una vez en ella (es decir, no 
busque las respuestas en Google). 
 
(1) Abra la aplicación llamada "Diabetes T2" 
 

Califique la dificultad de la tarea 
Fácil 
Medio 
Difícil 
 
(2) Por favor buscar la información sobre la 
Hipertensión 
 

Califique la dificultad de la tarea  
Fácil 
Medio 
Difícil 
 
(3) Buscar la información sobre cómo la dieta 
afecta la diabetes 
 

Califique la dificultad de la tarea  
Fácil 
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Medio 
Difícil 
 
(4) Abra la aplicación de Excel 
 

Califique la dificultad de la tarea  
Fácil 
Medio 
Difícil 
 
(5) Haga una nueva entrada para el paciente, 
ingrese el NOMBRE como María Sánchez, 

PESO como 150 y la fecha de seguimiento como 
el 6 de mayo Califique la dificultad de la tarea  
Fácil 
Medio 
Difícil 
 
(6) Encuentre y diga en voz alta el peso de José 
García 
 

Califique la dificultad de la tarea 
Fácil 
Medio 
Difícil 

 
Completar después de todas las tareas 

Por favor, solo seleccione un número 
 
Para Diabetes T2: ¿Qué tan fácil fue entender la información presentada? (¿Hubo palabras que 
no entendiste o confusas explicaciones?) 
 
No podía entender Extremadamente fácil de entender 
 
0 1  2  3  4  5 
 
 
Para la aplicación Excel: ¿Qué tan fácil fue entender la información presentada? (¿Hubo palabras 
que no entendiste o confusas explicaciones?) 
 
 
0 1  2  3  4  5 
 
 
¿Descargue Diabetes T2 si fuera un trabajador de la salud como fuente de información sobre la 
diabetes? 

Si  no 
 
 
¿Usaría este Tablero de Excel si fuera un trabajador de salud como una herramienta de gestión 
del paciente? 

Si no 
 
 
 
¿Algún comentario? 
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¿Esta encuesta utilizó la redacción correcta en español? Si no, ¿podría ayudarme a 
corregirlo? Tachar y reemplazar cualquier palabra que no tenga sentido 

 

Si No 
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Appendix G: Salubrista Photos 

Salubristas- Community Health Workers  

Two primary means of care. Patient home visits & visits to Salubristas home 
clinics. Pictures are courtesy of Salubristas on Facebook or Dr. Moore  
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Appendix H: Sample of Satisfaction Survey and Sample of Knowledge Test 
 
Sample Satisfaction Survey: 
How happy are you after five years of using system . Subjective rating between 0-5 

1. I feel that the Diabetes T2 application has improved my knowledge of            

diabetes 

2. I feel that the patient management application has improved my ability to            

treat more patients 

3. My job has become more efficient with the use of this mHealth system 

4. My diabetic patients have improved from me using this system 

 
Sample of Knowledge Test: 
Give on year 1 and again at year 4. Measure to be at least a 15% improvement on                  
tests scores. Information found on recommended app Diabetes T2 

1. Hypoglycemia occurs when glucose is less more 60-70 mg / dl. 

Correct answer: FALSE. It occurs when glucose is LESS than 60-70 mg/dl 

2. What are three of the ten tips for keeping type 2 diabetes at bay? 

Correct answers: Exercise, eat fresh foods and fish, don’t be careless with            

medication, only take insulin when your doctor says, monitor hypoglycemia, get           

lots of sleep, no smoking, take care of your feet, brush your teeth, see your doctor                

for measurements 

3.  Name 1 of the 5 things that you may here about diabetes that are NOT true 

Correct answers: Type 2 diabetes is less serious than type 1, If I take oral               

medications I do not have to worry about eating healthy or exercising, sweeteners             

are not recommended for people with diabetes, if you are recently diagnosed you             

can’t ever eat dessert again,  only adults can develop type 2 diabetes. 
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