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Figure 6-5: Observation notes and submission view. 

6.2 Use Case 2: Cloud Storage Environment 

As soon as the citizen scientist submits their observation to the cloud storage 

environment, the data administrator receives an email notification with the subject line 

“PLEASE REVIEW Coral Reef Observation.” The content of the email is a link to a 

Google form containing an individual record to be reviewed as shown in Figure 6-6. 

Reviewing this form enables the data administrator to perform a quality control check, 

and opt to approve or reject the observation. When the administrator clicks “Yes” to 

approve, these data immediately become publicly available in the web mapping 

application. 
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Figure 6-6: Data quality control approval form. 

The data administrator can view all the published records (approved and 

unapproved) from within the ODK Aggregate web application (Figure 6-7). This 

application has a simple interface that users can use to manage their data without having 

to manage the underlying data relationships. While the interface does not provide an 

option to edit the data, submitted observations can also be deleted here, with a cascading 

effect to the web mapping application. 
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Figure 6-7: Web application interface for managing data submissions. 

6.3 Use Case 3: Web Mapping Application 

The web mapping application provides a simple interface allowing a user to view the 

observations that have been published by other citizen scientists. The application may be 

accessed from desktop, tablet, and mobile devices with a consistently optimal viewing 

experience. The interface has been deliberately kept simple, giving the user basic 

navigation tools and pop-ups when icons are selected/clicked (Figure 6-8). 

 
Figure 6-8: Web mapping application. 

6.4 Summary 

In this chapter, the usefulness of the application as a citizen science tool was clearly 

demonstrated, through the three use cases discussed in Sections 6.1, 6.2, and 6.3. They 

captured the complete workflow from field data collection to the availability of the data 

through a web application. The subsequent, and final, chapter of this report addresses 
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some of the challenges that were experienced and suggests some future improvements 

that can be made. 
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Chapter 7  – Conclusions and Future Work 

The client was the World Federation for Coral Reef Conservation, a non-profit 

organization focused on collecting and publishing coral reef information, and developing 

strategies for mitigating threats. This project sought to provide a solution to help the 

client engage citizen scientists, including recreational divers and the local community, to 

collect information and increase awareness about coral reefs. The solution consisted of a 

mobile application, a cloud storage environment, and a web mapping application. 

The mobile application was developed for Android OS based on Open Data Kit 

(ODK), a set of open source software development tools. A data collection form based on 

the XForms specification was designed to inform the mobile data collection exercise. The 

mobile application was developed to support both online and offline data collection, and 

to enable the user to record their coral reef and environment observations using a series 

of views on their Android device. 

The cloud storage environment was based on a web application deployed in the 

Google App Engine cloud storage environment. A quality control process was designed 

into the cloud storage environment, based on Google Spreadsheets and Google Forms 

and supported by two Google Drive add-ons: FormMule and CopyDown. Update triggers 

were used to notify the data administrator of any updates to the database, while Forms 

enabled the administrator to review and approve published observations. 

The web application was configured based on Esri’s Web AppBuilder, a template-

based ArcGIS Online web application solution. The web application was designed to 

enable users in the public domain to view all the published coral reef observations on a 

map, and in context alongside other data related to coral reef conservation. This was a 

simple and responsive application that enabled viewing in desktop and mobile 

environments. 

Some of the challenges encountered in this project could not completely be resolved. 

According to experts, the typical citizen scientist would have difficulty distinguishing 

between dead, healthy, and diseased coral. It was useful to include pictures in the tool and 

to have a data review process, but data collected may require more stringent quality 

assurance and control. Another challenge was that despite the interest by users in using 

the tool underwater, GPS (and mobile phone) signals only penetrate a few feet 

underwater. 

The project met all the requirements and was very well received by the client, who 

expects to deploy the tool in the field in early 2017. Further, the tool was presented to the 

scientific community at the 2016 Esri Ocean Forum, and received much interest. It was 

viewed as a timely solution to coral reef data collection, not only in St. Maarten, but in 

other locations of interest. 

This project took a first step toward addressing coral reef conservation issues in St. 

Maarten by providing a tool to enable recreational divers to report on the state of these 

corals around the island. These observations are expected to contribute towards a Coastal 

Protection Master Plan for St. Maarten. However, many functionalities and 

improvements that were suggested and discovered during development could not be 

implemented in the project’s limited time scope. These ideas could be undertaken in 

future extensions of this project. 
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The first option is to improve on the data quality control process. The email 

notification system could be developed into a configurable application that allows the 

administrator to set the frequency of notifications to hourly, daily, weekly, and so on. The 

administrator could also opt to receive the notifications as a summarized email digest that 

states the number of new records uploaded in the specified reporting period. Further, a 

privately-accessible administrator application could be developed to map unverified data 

records, automatically deleting records once reviewed and approved by the administrator. 

Aspects of the quality control process could be automated. For example, if baseline data 

are available, the mobile application could be configured to automatically match features 

between available imagery with the user’s selection. 

Another option to consider in future is to allow users to specify where they are when 

recording observations. They could be directly above the observation, within a few 

meters of the observation, or elsewhere. This would provide an additional data quality 

check that could be compared to the GPS recording. 

In the future, this Android mobile application could be ported to other platforms such 

as iOS and Windows. This would significantly improve its uptake and use. Development 

targeted Android OS, based on statistics showing that in 2016, 87.6% of smartphones 

worldwide were running Android OS (Llamas, Reith, & Nagamine, 2016). 

In conclusion, the coral reef mapping tool has the potential to play a significant role 

in coral reef conservation, in St. Maarten and around the world. Industry stakeholders 

have already shown much interest in adopting the tool in various locations. As more 

people get engaged, the demand for such simple and innovative solutions will hopefully 

continue to increase among the coastal and marine conservation communities. 
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Appendix A. Mobile Application Wireframes 
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Appendix B. Mobile Application Activities Code 
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        <label>Reef fish absent</label> 

        <value>no_fish</value> 

      </item> 

      <item> 

        <label>Other pollution</label> 

        <value>pollution</value> 

      </item> 

    </select> 

    <select ref="/coral_observations_v0/habitats"> 

      <label>What habitats have you observed?</label> 

      <item> 

        <label>Mangroves</label> 

        <value>mangroves</value> 

      </item> 

      <item> 

        <label>Seagrass</label> 

        <value>seagrass</value> 

      </item> 

      <item> 

        <label>Salt ponds</label> 

        <value>salt_ponds</value> 

      </item> 

      <item> 

        <label>Algae</label> 

        <value>algae</value> 

      </item> 

      <item> 

        <label>Sand</label> 

        <value>sand</value> 

      </item> 

    </select> 

    <input appearance="multiline" ref="/coral_observations_v0/notes"> 

      <label>Please enter any notes about your observations (optional)</label> 

    </input> 

  </h:body> 

</h:html> 

 


