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VII. RESULTS 
 

Overall, the web application provided value to the REACCTING research that 

cannot easily be substituted with other boxed visualization or analysis tools.  The content 

is understandable by users with varying levels of familiarity with the study and met the 

objectives defined with the group.   Figure 26 is a screenshot of the end result. 

I was able to meet the visualization goals that were outlined during the February 

REACCTING meeting, with future opportunity for stretch objectives. As intended, the 

result is a “quick-look” of the GPS data that can be navigated interactively through the 

use of the time slider and buttons.   

Figure 26.   Screenshot of web application  
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By considering Tufte’s Principles of Design, the visualization was also developed 

to be both engaging and explanatory.  In the early stages of development, I referred 

frequently to other successful modern applications like the Taxi Tracker and 

Donorschoose Dashboard, which helped with effective decision-making.  Similar to these 

visualizations, my end product meets Tufte’s principles in the following ways:  

• It is multi-faceted in that you can view parallel GPS datasets (Principle 1, 

Comparisons). 

• It is considerate of assumptions made by the end user by providing labeling and an 

“information” button (Principle 2, Causality, Mechanism, Structure, Explanation). 

• It is based on multiple datasets with significant relationships; These datasets 

include the Nvrango region map, household locations, and GPS coordinates of the 

subject (Principle 3, Multivariate Analysis). 

• It is aesthetic and concise; this is partly through the use of CSS customizations and 

packages like Bootstrap and Font Awesome (Principle 4, Integration of Evidence) 

•  It is based on honest data (Principle 5, Documentation). 

• It represents information that is significant to human understanding (Principle 6, 

Content Counts Most of All). 

Due to my earlier research, I expected the cyclic nature of processing, visualizing, 

and cleaning the data, but was surprised by how much time was spent prototyping code or 

visualizations that would not actually be used in the end product.  However, the data 

engineering process in itself added value to the research.  For example, it created a forum 

for discussing and improving the organization and cleaning of data with the team.   

Furthermore, I was able to make educated decisions based on my earlier prototypes and 

even reuse some of my earlier work.   

The final stage of this process is publicly deploying the web application. I 

requested to open a port on the upod server since it has plenty of space and would be free 
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to use and the CU’s OIT office approved the proposal.  Now it is simply a process of 

matching the upod Python/JavaScript environment to the one that is set up on my 

personal computer.  This process should be made simpler by the fact that MongoDB is 

already functioning on that machine, and the Python application has a requirements text 

file that can be used to install the dependencies. 

VIII. CONCLUSIONS AND FUTURE WORK 
 

The modularity of the application would easily allow features to be added in the 

future, given the appropriate resources.  Access to such resources (notably human 

resources and funding) directly contributes to the degree of success in maintaining or 

“curating” datasets and data tools.  I feel confident in the fact that, if another student or 

professional were to get involved, they could certainly expand upon the existing 

foundation.   

Such expansions or improvements could include:  

• Decrease the loading time of the JSON. Options include exploring 

different data storage/retrieval methods, performing additional cleaning 

before running the application, and streaming the data in segments.  

• Add a loading symbol during the GET request so the user understands 

what is happening. 

• Improve the error handling and testing (in particular, ensure that a larger 

file size won’t cause the browser to run out of memory). 

• Add Google analytics to track traffic. 

• Incorporate more datasets, especially the PEMs and SUMs data 

 
As an ongoing study, the needs of the group are likely to change and, given the 

appropriate resources, the web application could evolve to support those efforts. 
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In consideration of the open-source visualization community, I would like to 

provide a tutorial on how to create such an application. Although the individual tools that 

I implemented are hardly novel, the way in which I pieced them together as a collective 

whole is unique.  I cannot release the full codebase because of sensitive data, but a blog 

could be a sufficient platform to share this information for the benefit of developers. 

The visualization of information is a creative means for humans to explore and 

explain real concepts.  The process of working with the REACCTING project’s data is an 

example of this powerful and unique means of communication and provides value to both 

the cookstove research and data visualization communities. 
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APPENDIX 
 
Big Data is a term for any collection of data sets so large and complex that it becomes 

difficult to process using tradition data processing applications. 

Bower works by fetching and installing packages from all over, taking care of hunting, 
finding, downloading, and saving the stuff you're looking for. 

Cron is driven by a crontab (cron table) file, a configuration file that specifies shell 
commands to run periodically on a given schedule. 

CSS, or Cascading Style Sheets, is a style sheet language used for describing the look 
and formatting of a document written in a markup language. 

D3 or Data-Driven Documents is a JavaScript library that uses digital data to drive the 
creation and control of dynamic and interactive graphical forms which run in web 
browsers. 

Data Engineering can be described as an approach to designing and developing 
information systems. It can also be considered as the generation, distribution, 
analysis and use of information in systems. 

Flask is a microframework (or light framework) for Python based on Werkzeug, Jinja 2 
and “good intentions”.  BSD licensed. 

Git is a distributed revision control system with an emphasis on speed, data integrity, and 
support for distributed, non-linear workflows. 

Github is a web-based Git repository hosting service, which offers all of the distributed 
revision control and source code management (SCM) functionality of Git as well as 
adding its own features. 

Google Maps APIs let you embed and customize the robust functionality and everyday 
usefulness of Google Maps into your own website 

HTML, or Hypertext Markup Language, is the standard markup language used to create 
web pages. It is written in the form of HTML elements consisting of tags enclosed in 
angle brackets (like <html>). 

Javascript is a dynamic computer programming language.  It is most commonly used as 
part of Web browsers whose implementations allow client-side scripts to interact 
with the user, control the browser, communicate asynchronously, and alter the 
document content that is displayed. 

JSON, or Javascript Object Notation, is a lightweight data-interchange format that is easy 
for humans to read and write and easy for machines to parse and generate. 
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Leaflet is a modern open-source JavaScript library for mobile-friendly interactive maps. 

MongoDB (from "humongous") is an open-source document database, and the leading 
NoSQL database. 

Node.js is a platform built on Chrome's JavaScript runtime for easily building fast, 
scalable network applications. 

NPM, or Node Package Manager, installs, publishes and manages node programs. 

PEMs refers to personal emissions monitors.  These monitors are worn by an individual 
(via a fanny pack or backpack) and measure the amount of pollution at a given time. 

Python is a widely used general-purpose, high-level programming language that 
emphasizes code readability and generally allows programmers to express concepts 
in fewer lines of code than would be possible in languages such as C++ or Java. 

Small Data is data that has small enough size for human comprehension. 

SUMs refers to the data provided by the stove use monitors, which are digits located near 
the cookstoves that track variables like temperature and light. 

Visualization is information that has been abstracted in some schematic form. 


