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ABSTRACT 

 

Implementation of a Volunteered Geographic Information (VGI) 

 Mobile Application for Plant Inventory 

 

By 

Amanda N. Lindgren 

Master of Science in Geographic Information Science 

 

Volunteered Geographic Information (VGI), a phenomenon described by 

Goodchild (2007) as the practice of the general public collaborating in the collection of 

geographic data, has been taking place for centuries. Over the last two decades, the 

development of VGI web and mobile applications has increased greatly; however, the 

majority of VGI applications are web based with an emphasis on georeferencing and 

inputting GPS coordinates manually. The purpose of this project was to develop a VGI 

mobile application in order to create a more accessible spatial data collection tool that 

would provide users with the convenience of recording and uploading data in the field. 

The application developed for this project (Oak Tree Mapper) focused on generating an 

oak tree inventory within the state of California. Oak trees were chosen as the focus for 

this case study in response to a research which used remote sensing to identify and 

monitor areas of sudden oak death (Kelly 2002). The study was able to identify oak trees 

that were deceased, but did not confirm whether the cause of death was from sudden oak 

death. The study suggested that extensive field work would be required to improve the 

remote sensing methodologies. 
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The development of Oak Tree Mapper VGI mobile application focused on three 

major objectives: data collection, data exploration, and data querying. In order to 

implement these functionalities, the application was developed for Android devices using 

external services such as CARTO and Google Drive for spatial capabilities and data 

storage. Overall, the application provides the necessary means to record instances of 

sudden oak death and could provide the data needed to support remote sensing 

methodologies.
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CHAPTER 1: INTRODUCTION 

The practice of participation and collaboration in geographic data collection has 

been occurring for centuries; the volume of user-generated spatial data has increased 

drastically with the advances and accessibility of technology within the last two decades. 

Goodchild (2007) described this phenomenon as Volunteered Geographic Information 

(VGI), where citizens record, edit, and share geographic data on the web. One of the most 

recognizable VGI applications today is OpenStreetMap. This web-based VGI provides 

the general public with the essential tools to create, modify, delete and verify spatial 

features on an interactive global map. Volunteers, along with researchers, can then apply 

the spatial data to their own research or use the data for personal use (i.e. locating nearby 

stores, navigation, etc.) (Coast 2004). This format of data collection has allowed various 

research projects to benefit by reducing cost and time especially for underfunded 

organizations. In cities with limited budgets, turning to local community members to 

gather geographic data provides city officials with updated maps and the opportunity to 

prioritize the budget based on the data collected (Lathrop et al. 2005; Goodchild 2007; 

Johnson and Sieber 2013). There are many benefits to incorporating VGI into a research 

study, but there are also numerous challenges that researchers must consider.  

Volunteers that participate in VGI studies normally do not have experience in 

spatial data collection and can increase the chances of data inaccuracy. Researchers have 

addressed these concerns and found that user credibility and lack of data management are 

the main factors affecting the quality of user-generated data (Goodchild 2007; Flanagin 

and Metzger 2000, 2007; Metzger 2007; Tulloch 2007). Credibility of the participant can 

be hard to determine especially if the source information about the collected data was not 



 

2 

 

generated or incomplete. The lack of background information on how the data was 

created would then deem the data content unviable (Cooper et al. 2011; Flanagin and 

Metzger 2008). The lack of data management also leads to problematic datasets. VGI is 

normally used to generate large quantities of data for organizations with limited to no 

funding and hiring an overseer to manage the incoming data may not be an option. This 

leads to redundant, outdated, and/or disorganized data, which can affect the overall 

quality of the data (Flanagin and Metzger 2008; Sester et al. 2014). There have been 

multiple studies that applied different methodologies to compensate for these challenges, 

but one of the major improvements to user-generated data was integrating mobile 

technology as a data collection tool (Song and Sun 2010).  

In recent years, the usage of social media applications on smartphones takes up 

the majority of time a user spends on their phone (Böhmer et al. 2011). The recognition 

of this upsurge led researchers to developing mobile applications for VGI data collection 

in order to improve data quality and quantity. There are multiple types of tools built into 

smartphones that can be utilized to obtain and record data. These tools include: camera, 

global positioning system (GPS), microphone, compass, accelerometer, and gyroscope 

(Ferster and Coops 2013). The purpose of these tools differ between studies, but the GPS 

allows users to record accurate locational information compared to adding spatial features 

to a map manually. There are still multiple VGI studies that are web-based and create 

limitations on what participants can do. Expanding these studies to include mobile 

devices as a tool will then motivate volunteers to participate more in data collection 

within their community. 
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1.1: Purpose 

The focus of this study will be to implement VGI into a mobile application where 

users can participate in updating flora inventory (oak trees) within their community. The 

case study will be centered on developing an oak tree inventory mobile application, 

called Oak Tree Mapper, for California, that will be able to record the coordinates of oak 

trees based on the mobile devices’ GPS. Oak trees were chosen for this study due to the 

increasing risks that are threatening their population such as disease, overgrazing, and 

urbanization (Dahlgren et al. 2003; Gaman and Firman 2006). The participants will also 

be able to add information about the oak trees they geolocate such as species 

identification, presence of disease, and other features they may notice on or around the 

tree. Along with the field notes, the volunteers will be able to upload photographs of the 

physical characteristics of the trees to help with species identification and to document 

any additional growths on the tree (i.e. epiphyte and/or parasites). Once the volunteer has 

completed her/his observations, the location, field notes, and images will be stored and 

displayed on a map with other tree points collected from other participants. Lastly, the 

users will be able to: interact with the map and the oak tree points, view information and 

photos on individual oak trees, and conduct spatial or aspatial query selection based on 

attributes. 

 

 

 

 

  



 

4 

 

CHAPTER 2: LITERATURE REVIEW 

2.1: Volunteered Geographic Information  

2.1.1: Background 

Goodchild (2007) described a web phenomenon where individuals in the general 

public would create and share data related to specific geographic locations and he called 

this phenomenon Volunteered Geographic Information (VGI). Unlike traditional 

geographic information, all the spatial data are acquired through citizens that volunteer 

their time and personal equipment for the purpose of making geographic knowledge 

available for users to apply towards future projects (Goodchild 2007; Elwood, Goodchild, 

and Sui 2012). Although Goodchild expresses VGI as a web phenomenon, geographic 

user-generated content has been around for centuries (Goodchild 2007; Muki Haklay 

2013; Elwood, Goodchild, and Sui 2012). In 1507, a German cartographer, Martin 

Waldseemüller, sketched out a continent and labeled it after the explorer Amerigo 

Vespucci who had explored the continent. Although Waldseemüller later withdrew the 

label, the name had caught on and the continent was named America (Goodchild 2007). 

Instances like this one eventually lead to the Board on Geographic Names to be establish 

in 1890 in order to maintain a constant naming system (U.S. Board on Geographic Names 

2016). Although the board was created, there was an abundance of spatial features that 

only the locals knew and map makers would seek help from the public to determine the 

names attached to the spatial feature. Not all the names supplied by locals matched and a 

hierarchy of the geographic names would be used to resolve the conflict (Goodchild 

2008). Providing place names voluntarily is just one example of previous user-generated 

content that officials have incorporated into official maps.  
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Another example that involves user-generated geographic content is the citizen 

science project, Christmas Bird Count (National Audubon Society 2016). Citizen science 

(Irwin 1995) is where citizens participate in collecting and analyzing data for scientific 

projects. Not all citizen science studies require spatial data, but studies that do are 

referred to as geographical citizen science and can be categorized within VGI (Muki 

Haklay 2013). Christmas Bird Count has been an ongoing project that started in 1900 and 

has been the longest running geographical citizen science project in the United States. 

The project was established by the National Audubon Society and provided volunteers 

the opportunity to collect bird population data for scientific research. Anyone can 

volunteer and collect data as long as the accumulated data are within a designated area 

stated in the guidelines developed by the National Audubon Society. The participants 

would originally submit their findings through the postal service, but with advances in 

technology, birdwatchers now have the option of submitting their observations online 

(National Audubon Society 2016; Elwood, Goodchild, and Sui 2012). The capability of 

web submission for the study drastically increased the amount of volunteers.  

 

2.1.2: Volunteered Geographic Information in Today’s Settings 

With the popularity of social media, VGI has become a widespread mechanism 

for organizations to collect user-contributed spatial and aspatial data (Goodchild 

2007). Currently, one of the most well-known VGI applications is OpenStreetMap, where 

volunteers are able to add and maintain data on roads, restaurants, parks, bike lanes, and 

much more. The website provides the necessary tools the volunteers need to edit data and 

to also add any comments on other contributors’ work as a validation procedure. An 
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important feature of OpenStreetMap is open data, meaning that anyone can access and 

use the data for their own projects (Coast 2004). This is the standard concept for a VGI 

application, where users can create, update, delete, and download data; however, not all 

organizations give their users so much freedom. For example, the social media company, 

Facebook, allows users to assign geographic locations, or geotagging, to their photos, 

videos, and/or comments; but the company’s terms of service gives the company the right 

to decide how users can access and remove their data (Facebook 2015). 

VGI’s contribution is not just limited to social media, but has had significant 

impact during times of crisis (Feick and Roche 2013; Goodchild 2008; Horita et al. 2013; 

Huang, Chan, and Hyder 2010; Roche, Propeck-Zimmermann, and Mericskay 2013; 

Zook et al. 2010). In 2005, Hurricane Katrina swept across the south-eastern United 

States, uprooting many communities along the way. The tropical storm left severe 

damage to the states along the Gulf Coast, leaving cities damaged beyond recognition 

with many people reported missing and all traditional communications were down except 

internet networks. Locals that still had access to web technology started posting 

information in forums about the aftermath in their community. This quickly led to 

Scipionus, an online, interactive map that allowed local and global users to publish their 

own geographic information in regards to the disaster. The people that were close to the 

disaster would upload data that included updates of damage, status of missing persons, 

locations of resources and more. For volunteers that were not local, they would provide 

data such as flood water levels, roadblocks, and other data that could be obtained through 

satellite imaging. Once Scipionus was launched, it quickly became the most used 

resource to access locational data in the hurricane disaster zones. The data were not just 



 

7 

 

used by the public but also by the news media outlets, telecommunication operators, and 

other website developers (Stoll 2005; Miller 2006; Roche, Propeck-Zimmermann, and 

Mericskay 2013). Providing interactive web mapping tools, like Scipionus and 

OpenStreetMap, to crowdsource locational data could prove to be beneficial for those in 

need.  

 

2.1.3: Benefits of Volunteered Geographic Information 

Keeping maps up to date can be costly and time consuming, leaving organizations 

with limited funding and outdated maps. In locations that were in these situations, the 

public took it upon themselves to contribute their time and resources towards updating 

geographic data in order to bring the maps up to date. In Dublin, Ireland, data regarding 

minor roads and topographies were more up to date on OpenStreetMap and Wikimapia 

when compared to Google Maps and Bing (Goodchild 2008). Due to limited costs and 

staff, government organizations were only able to maintain data on major locations 

within the city. This was problematic for locals and travelers when getting around or 

determining distance or travel time between places. With OpenStreetMap and 

Wikimapia, the locals were then able to volunteer geographic knowledge on minor roads, 

parks, and other points of interest that were not considered formal. Using residents to 

participate in this informal labeling of place names then becomes more reliable in 

comparison to official map makers (Goodchild 2008).  

Another domain that benefits from VGI is land management and planning. Urban 

and environmental areas are continuously changing and require an endless upkeep within 

the municipalities around the world. There is little to no support to account for all the 
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updates within a city. Having government organizations reach out to the public to collect 

geographic data reduces costs and provides them the resources needed to develop and 

employ updates accordingly (Goodchild 2007; Johnson and Sieber 2013). 

A paper by Lathrop et al. (2005) noted that VGI is not just limited to creating and 

updating geospatial data but also to include qualitative and quantitative attributes to 

spatial features. The project demonstrates that VGI expands into multiple fields outside 

of geography and can apply to any research that requires geospatial data. The study was 

able to bring citizens, government personnel (State Department of Environmental 

Protection), and academic researchers (Rutger University) together to collaborate on 

building a database in order to locate and determine areas of high density of vernal pools 

(Lathrop et al. 2005; NJ Division of Fish and Wildlife 2010; Tulloch 2008). Locating 

these small ephemeral bodies of water were essential since they provide habitats for 

distinct flora and fauna. The initial portion of the project was done using remote sensing 

to locate all vernal pools. However, in order to validate the results produced from the 

remote sensing and spatial analysis, the State Department of Environmental Protection 

and Rutger University developed an interactive web map that allowed volunteers to: 

validate existing vernal pools in the database; report new vernal pools not in the database; 

upload photographs of the pools and any nearby herpetological species; and include any 

other notes (water level, size, etc.) that may be relevant to the study (Lathrop et al. 2005; 

NJ Division of Fish and Wildlife 2010; Tulloch 2008).  

Incorporating VGI into research can be cost and time efficient as seen in the crisis 

management of Hurricane Katrina and the vernal pool government collaboration. The 

flexibility of VGI also offers researchers in various fields a way of obtaining high 
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quantities of geographic information over large areas in a short periods of time. These are 

just some of the major benefits that VGI has to offer, however, researchers must also be 

cautious in their usage of VGI. Participants that volunteer in spatial data collection are 

not experts nor are they trained in proper field techniques. This leads to the questioning 

of the validity of public-generated geographic information, and a need for clear quality 

control measures. 

 

2.1.4: Challenges of Volunteered Geographic Information     

In many studies, citizens are the ideal candidates for data collection in local areas 

due to their endemic familiarity of the region. These projects normally end up with large 

quantities of data and can be easily accessed online (Rieh and Danielson 2007). However, 

researchers have voiced various concerns regarding the quality of the user-generated 

content since a majority of volunteers may have no prior background in the subject of 

interest. Of these concerns, user credibility and the lack of data management involved in 

VGI studies were noted the most (Goodchild 2007; Flanagin and Metzger 2000, 2007; 

Metzger 2007; Tulloch 2007).  

The quality of VGI looks at the suitability of the user-generated content and 

determines whether the content satisfies the criteria required in the designated study 

(Esmaili, Naseri, and Esmaili 2013). The first major concern that impacts the quality of 

the data is the person(s) that collect the data. If the project does not include or emphasize 

on the reliability of the volunteers by including the metadata, the development behind the 

dataset becomes unknown to those entities that want to incorporate the geospatial content 

into their studies. There is no easy way to determine credibility of the information 
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without the source information, which renders the user-generated content unusable. This 

does not imply that all VGI projects do not provide source information. However, there 

have been instances where the metadata are available but the information is either in 

disorder and/or difficult to interpret. It is then up to those using the data to decide 

whether or not the data from the VGI are trustworthy. If researchers use data with 

unknown credibility and the assessment of the metadata are incorrect, the outcome could 

lead to false conclusions and severe consequences (Cooper et al. 2011; Flanagin and 

Metzger 2008).  

The second major data quality concern is the lack of data management in VGI 

applications. One of the main reasons VGI has increased in popularity is due to the fact 

that it is cost-effective for organizations that are underfunded. In most occasions, hiring 

an individual to manage the database is outside the company’s budget. The absence of an 

overseer may lead to a problematic dataset (i.e. disorganized, out of date, redundant, etc.) 

along with affecting the credibility of the metadata if not available or not maintained 

(Flanagin and Metzger 2008; Sester et al. 2014). The influence of the metadata and data 

management credibility on the quality of user-generated data can make VGI integrated 

research challenging; but previous studies have shown that there are methods to improve 

VGI quality. 

In prior VGI research, the developers would hand select volunteers that were 

considered to be reliable, based on their education and/or experience, in order to enhance 

the quality of geographic data. This method only worked for projects that were 

confidential and with a relatively smaller datasets. For larger projects that required large 

volumes of data, researchers turned to volunteers for assistance; this lead to “peer-to-
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peer” evaluations, where volunteers would observe, update, and provide feedback on 

fellow participants’ inputs in order to reduce redundant, outdated data. The most popular 

and successful applications that use this method are Wikimapia and OpenStreetMap. 

Mordechai Haklay (2010) conducted an analysis comparing OpenStreetMap data to the 

Ordnance Survey dataset showing that approximately 80% of the OpenStreetMap data 

overlapped with the Ordnance dataset. The reason these two applications are so 

successful is due to the constant activity of the volunteers updating information. If the 

volunteers lose interest and participate less, then the peer review method would not work 

(Flanagin and Metzger 2008).  

Hand selecting volunteers and peer-to-peer evaluations only work for specific 

studies. The development of frameworks to implement into future projects was explored 

as an alternative to validation of data collection for determining credibility (Rieh and 

Danielson 2007; Goodchild and Li 2012). Frameworks to assure data quality in VGI 

depend greatly on the purpose of the application when designing the project and can vary 

from study to study. There has yet to be a best practice when developing a VGI 

application, but a majority of them follow very similar approaches (Fonte et al. 2015).  

There are multiple aspects that need to be considered and applied to the 

application. The researchers need to decide whether their applications will allow all 

citizens to participate or only those with specific credentials. This must be decided at the 

beginning of the design process since it impacts how much detail will be included in the 

data collection instructions. If all citizens can participate, too much detail may drive 

volunteers away and too little can lead to unreliable data. The next aspect that needs 

consideration is how detailed the metadata need to be. If the volunteer is collecting data 
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through a mobile device, information about the device (brand, model, camera, 

microphone, etc.) can be easily obtained through the application. By including the 

metadata collection into the framework of the application, the credibility of the data 

becomes more reliable.  

The format of the data that will be entered must also be considered based on what 

the data will be used for and how it will be managed. Data that are recorded as free text 

can be harder to manage and interpreted compared to inputting quantitative data, 

selecting from a list of preset values such as categorical data of plant species, or using 

Boolean logic in the form of yes or no questions. Lastly, data management can either be 

monitored by assigned credible individuals, volunteers through discussion and updates, or 

by incorporating a mechanism or model to automatically sift through the data in real-time 

(Brando and Bucher 2010; Fonte et al. 2015; Foody et al. 2014, 2013; Goodchild and Li 

2012; Mordechai Haklay 2010; Vandecasteele and Devillers 2013). 

 

2.2: Mobile Volunteered Geographic Information 

2.2.1: Background 

The use of mobile applications has been increasing in recent years due to the 

upsurge in smartphone usage (Petsas et al. 2013). Among these applications, social media 

categories dominate the amount of time users spend on their phones (Böhmer et al. 2011). 

With the high usage of social media applications, mobile users become more willing to 

participate in social activities that they can access through their personal phones. Mobile 

developers have been taking advantage of this popularity by incorporating mobile 

technology as a tool to collect user-generated spatial data (Song and Sun 2010). This type 
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of data collection not only benefits under-funded research projects by saving time and 

money, but it also amplifies the number of volunteers participating in the project resulting 

in an upsurge in data quantity.  

One of the main advantages of using smart phones as a data collection tool for 

VGI projects is that they are equipped with multiple features that can be utilized to obtain 

and document information. This includes accessing the camera, microphone, global 

positioning system (GPS), compass, accelerometer, and gyroscope (Ferster and Coops 

2013). Researchers in various disciplines are presented with the choice of applying VGI 

methods into their research by volunteers having access to these tools.  

 

2.2.2: Mobile Applications in Volunteered Geographic Information 

There are multiple types of research that have implemented VGI mobile 

applications into the methodology. Some of the research disciplines that have used VGI 

mobile applications include: public health (Martí et al. 2012; Maisonneuve et al. 2009), 

ecology and conservation (Sullivan et al. 2009), education (Mayer 2010; Han et al. 2011; 

Ferster and Coops 2013), and urban environments (Alessandroni et al. 2014; Martí et al. 

2012; Maisonneuve et al. 2009). In public health, noise pollution has been gradually 

increasing around the world due to the growth in urban development and has been shown 

to have a negative effect on human and animal behavior (Martí et al. 2012). This problem 

has led to government personnel approving a directive (European Commission 2002) that 

requires collection of noise pollution data within major cities in order to create action 

plans for each location. Hiring experts and paying for sound level meter equipment can 

be costly, especially for cities with budget constraints. In two separate studies 
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(Maisonneuve et al. 2009; Martí et al. 2012), VGI methods were applied to address the 

problem and produced mobile applications that could be used for monitoring noise 

pollution collected by the general public. Both applications, NoiseTube and Noise 

eQuest/Noise Battle, were successful, however, the design of the applications differed 

greatly. NoiseTube (Maisonneuve et al. 2009) measured the loudness level of the sound 

in real-time by applying algorithms to obtain more accurate data. Noise eQuest/Noise 

Battle (Martí et al. 2012) on the other hand focused more on long term collection and 

gamifying the application in order to keep volunteers motivated. 

For ecology and conservation, a VGI application called eBird that was developed 

by the Cornell Lab of Ornithology and National Audubon Society gave bird watchers a 

chance to put their hobby towards science by recording their bird sightings using the 

camera on their mobile devices. Along with geolocating birds, the users were also able to 

upload photos, record bird identification, and keep track of all of the birds they spotted. 

The data would then be uploaded and automatically validated based on the type of bird 

and the location (based on previous observations and field guides). The amount of 

volunteers involved with the study was very high due to the birding community already 

tracking birds for own personal interest (Sullivan et al. 2009).  

Not all VGI applications have such high success in promoting volunteers and 

must use other means to motivate them. An example of this is Project Budburst, created 

by the National Environmental Observatory Network and Chicago Botanical Garden for 

educational purposes, where students would take measurements of marked plants within 

the botanical garden over an extended period of time. In order to motivate long time 

participants, a game, Floracaching, was incorporated into the application. The game 
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would award points for revisiting and updating the data for marked plants and allow 

students to share their scores with others. The results showed that the students were 

highly motivated by the game and even more so by comparing scores with other 

participants (Mayer 2010; Han et al. 2011; Ferster and Coops 2013).  

The applications that have been mentioned above have required active volunteers 

that are consistently submitting geographic data such as recordings, images, video, and 

surveys. Some individuals are not as eager to get out and collect data, but still want to be 

a part of a local study and develop an understanding of the projects at hand (Devictor, 

Whittaker, and Beltrame 2010). These volunteers are considered passive volunteers and 

collect data without engaging in the act of collecting data. They are able to participate by 

agreeing to let organizations track their daily activities and movements through their 

personal phone (Muki Haklay 2013). An example of this is an urban environment VGI 

application called Smart Road Sense which monitors the condition of road surfaces. 

Smart Road Sense records the movement of the car by accessing the accelerometer and 

gyroscope on the volunteer’s smart phone along with GPS tracking location to determine 

areas in need of maintenance (Alessandroni et al. 2014; Muki Haklay 2013).  

These are just a few examples of how VGI mobile applications can be applied to 

multiple types of studies. There are still many other studies that are only web-based and 

limit the participant’s access to the spatial data. By expanding data collection tools to 

mobile devices, citizens will become more willing to participate in community data 

collection for VGI research. 
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2.3: Case Study - Importance of Oak Trees  

In California, oak trees cover one-eighth of the state’s extent (about 13 million 

acres) (Gaman and Firman 2006). However, an estimate of 82% of oak woodlands and 

forests are found on private property and cannot be monitored unless granted permission 

by the landowners (Sulak et al. 2008). What most proprietors may not know is how oak 

trees benefit the ecosystem and by not monitoring them properly can have a negative 

impact on surrounding areas (Standiford et al. 2002). A major benefit oak trees provide is 

improving the quality of California’s water shed. About two-thirds of the drinking water 

obtained within California passes through the soil of oak woodlands where the soil 

beneath the canopy changes in properties due to the nutrient-cycling process from leaf 

litter. The decomposition from the fallen leaves resupply the soil with organic matter and 

nutrients, which enhances the drinking water quality (Dahlgren et al. 2003; O’Geen et al. 

2010). Oak trees also contribute to the ecosystem by maintaining biodiversity (California 

Oak Woodland Community 2016). The canopy forms an understory habitat which 

provides sustainable environments for native flora and fauna (Fralish 2004; Knoot, 

Schulte, and Rickenbach 2010). If these trees are not managed properly, then the wildlife 

habitats and local biodiversity will decrease and soil erosion will occur (Bartolome, 

Allen-Diaz, and Tietje 1994).  

Oaks can be incredibly durable when it comes to harsh winters and dry years; 

however, this does not make them completely resilient, especially to disease. In 1995, 

oak trees started perishing at a rapid rate due to a pathogen known as Sudden Oak Death 

(Phytophthora ramorum) (Garbelotto, Svihra, and Rizzo 2001). Within several years of 

discovering the disease, Phytophthora ramorum had already spread across 300km of 
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California’s central coast and was impacting specific species of oaks (Rizzo and 

Garbelotto 2003). There were multiple methods used in local management to survey and 

contain the disease but this was difficult since the virus’ reach was so extreme (Alexander 

and Lee 2010). Researchers then turned to remote sensing to identify highly concentrated 

areas of Sudden Oak Death, but the applied process was only able to identify oak trees 

that were either dead or alive (Kelly 2002). There have also been attempts to determine 

the species of oaks using multispectral data with no success (Weigel and Randolph 2013). 

In order to validate and improve these methods, the results must be compared to field 

collection of oak tree data. By developing an oak tree inventory mobile application, users 

will not only be able to record oak tree observation but also help validate the methods of 

previous studies while becoming educated on the effects oak trees have on the local 

environment along with becoming aware of the risks (i.e. disease, real estate, and 

overgrazing) that threaten oak trees today (Dahlgren et al. 2003; Gaman and Firman 

2006).  
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CHAPTER 3: METHODOLOGY 

The goal of this project was to develop a VGI mobile application called Oak Tree 

Mapper to provide volunteers with an accessible tool to record and store spatial data on 

oak trees. The application would allow the volunteers to view the data geographically and 

to be able to explore the data interactively on a mapping interface. Oak Tree Mapper was 

developed to be used on mobile devices with the Android operating system. The 

development of the application required the use of the Android API (Application 

Program Interface) libraries from the Android SDK (Software Development Kit) along 

with Java and XML (eXtensible Markup Language). However, in order to store and 

manage the data, and to implement spatial capabilities, external services were used. The 

main external service that was applied to Oak Tree Mapper was CARTO; a software as a 

service platform that provides spatial and aspatial data storage along with spatial 

functionalities. CARTO’s services were accessed by the Oak Tree Mapper application 

through the use of the API for Android from the CARTO Mobile SDK. The last major 

external service applied to Oak Tree Mapper was Google Drive; where images captured 

by the volunteers would be stored within a public folder and accessed using the Google 

Drive API. Figure 1 shows the interactions between the components, which will be 

discussed in detail in this chapter.  
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Figure 1: This diagram shows the programming components used to develop the user interface and the 

specific API libraries responsible for establishing the communication between the user interface and the 

external services. 
 

3.1: Mobile Operating System 

Before the design and development of the mobile application could begin, the 

operating system had to be determined. There were numerous mobile operating systems, 

but at the time of this project's production Android and iOS were the most widely used. 

As seen in Figure 2, between the two operating systems, Android was considered the 

most common operating system globally with 81.7% of mobile users being Android 

consumers (Gartner 2016). Within Android, there were multiple platform versions with 

the latest release of version 7.1 Nougat in December 2016. Although Nougat was the 

newest version of Android at the time, only 0.5% of Android consumers used this 

version. According to the recommendations from the Android developer site, applications 

should support about 90% of Androids active devices (Android Developers 2016). Figure 

3 below shows the percentages of active devices based on individual platform versions, 

which was used to determine the ideal version for this application. In order to support the 

majority of these devices, 4.4 KitKat was set as the minimum required version, 

supporting up to 89.1% of active devices.  
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Figure 2: Graph showing the quarterly percentages of global sales 

of mobile devices based on the operating system from 2009 to 

2016. (Gartner 2016) 

 

 
Figure 3: Image showing the distribution of 

active devices for each Android platform version 

(Android Developers 2016). For more 

information on the individual versions, please 

refer to the following link: 

https://developer.android.com/about/dashboards/

index.html 



 

21 

 

3.2: Application Development Tools 

There were multiple development tools and environments that could have been 

used for building an Android application. For this project, the official software 

development tool, Android Software Development Kit (SDK), was used for the 

construction of the Oak Tree Mapper application. Android SDK provides developers with 

the necessary tools and application program interface (API) libraries to create an Android 

application (Cornez and Cornez 2015). The API libraries consist of functions that are 

supplied by Android that allow developers to access their services and data. An 

abundance of documentation, tutorials, and sample code of Android’s API was also 

available on the Android developer website along with public forums. Although 

Android’s documentation was heavily accessible, experience in XML and Java was 

required in order to properly use the API libraries.  

 

3.2.1: Extensible Markup Language (XML) 

Android SDK generates the user interface of the application using eXtensible 

Markup Language (XML), which is a markup language that consists of information 

formatted into elements that are associated to one another as a hierarchy. The elements 

(i.e. layouts, text, images, user input, buttons, etc.) are displayed in rectangular “views” 

where parameters can be set to control the style, positioning, margins, sizing, and more. 

The overall layout and organization of the appearance is controlled by a “view hierarchy” 

that consists of child “views” nested within parent “views” (Android Developers 2017e). 

An example of this hierarchy in XML and how it is displayed can be seen below in 

Figure 4.  
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XML is also used for the application's manifest, which provides the Android 

operating system with the fundamental information about the application and is required 

in order for the system to run the application. According to the “App Manifest” (2017) on 

the Android developer website, there are many components that the application’s 

manifest file is responsible for. For example, when the manifest is created, it generates 

the application’s identification so that it can be distinguished from other applications on 

Android devices and the Google Play store. The manifest is also where permissions are 

stored, which allows the application to access contents and hardware on the user’s phone 

such as their location, camera, storage, and more (Android Developers 2017b). The 

application manifest and the design of the user interface are just two of the major uses of 

XML, but neither of these would function without the use of Java. 

 

3.2.2: Java  

Java is a “write once, run anywhere” programming language used for general 

application development. In Android, Java provides the functionality of the application 

when the user interacts with application’s user interface (i.e. button clicks, navigating 

between pages, request permissions, etc.). One of the advantages of Java is that it is 

platform independent and can run on any operating system with a Java Runtime 

Environment (JRE) without having to rewrite the code. The JRE uses a Java compiler to 

convert the code to Java bytecode and translates the bytecode using a Java virtual 

machine for that operating system (Kurniawan 2015). However, the default runtime 

environment on the Android operating system, Android Run Time (ART), does not 

support Java bytecode and uses a different compiler to convert the Java bytecode to 
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native machine code (Cornez and Cornez 2015). Instead of using multiple software 

applications to compile the source code, Android Studio (the official integrated 

development environment for Android) was used since it is  considered to be an all-in-

one package which included Android SDK and utilized the Java development kit to 

access the Java libraries and Java compiler (Android Developers 2017g).  

The purpose of the Oak Tree Mapper application was to be able to record and 

store spatial data on oak trees while allowing users to view the data geographically, and 

to explore the data interactively. All of the development tools provided by the Android 

SDK that have been mentioned thus far all target the design and functionality of the user 

interface. However, in order to produce an interactive map and to store public data, 

implementing additional services into the application development was required. 

 

3.2.3 CARTO 

CARTO is a “freemium” (free of charge, but charged for more advanced 

features), Software as a Service platform built on PostgreSQL (database system) that 

provides services to develop a  web geographic information system (GIS) and web 

mapping tools for commercial and noncommercial purposes through the use of the 

PostgreSQL spatial extension PostGIS (CARTO 2017f). The platform targets users and 

businesses that have little to no experience in GIS and allows them to manage and 

analyze their spatial data without relying on a GIS specialist. Users are able to access 

these tools using CARTO Builder, which is a user friendly web application where the 

user can visually manage their data (CARTO 2017a). The CARTO platform also supplies 

developers with array of API libraries that range from data management to geospatial 
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analysis and includes a Mobile SDK that can be downloaded and applied to mobile 

applications using the SDK’s Android API libraries (CARTO 2017c, 2017b, 2017h, 

2017g). CARTO also provides clients cloud storage where data can be requested, 

queried, and managed using CARTO SQL services included in both the Mobile SDK and 

CARTO Builder. The data are accessed from the services using PostgreSQL Structured 

Query Language (SQL) which is a language that focuses on database management. There 

are more products that CARTO has to offer, but for the purposes of this project only the 

CARTO Builder, Mobile SDK, and cloud storage were used.  

The application depends on CARTO for spatial functionalities such as 

implementation of the interactive basemap and the interactive point (oak trees) layer. 

Users can zoom and pan the map to explore and view the data, or click on the individual 

points to bring up a display to see the particular oak tree information. CARTO also 

provides database functionality through CARTO SQL, which allows users to create, 

request, and query oak tree data points using the application interface. 

 

3.2.4 Google Drive 

One of the goals for the Oak Tree Mapper application was to allow users to 

capture images of oak trees and to upload the photos to a cloud service that could be 

accessed later by other users. CARTO, however, only supports spatial and aspatial data in 

a text format and a separate public data storage was needed to house the images (CARTO 

2017e). The benefit of incorporating Google Drive into the application is that the settings 

of a Google Drive folder can be set to public where multiple people can view and/or edit 

files in the folder. Another advantage of using Google Drive is that users should already 
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have a Google account at the time of downloading this application. This allows the users 

to have access to the Google Drive without having to create a new account for other 

image hosting services such as Flickr or Instagram (Google 2017a; Flickr 2017; 

Instagram 2017). Lastly, the Google Developers website provides a Drive API for 

Android along with an extensive amount documentation and examples for easy 

implementation (Google Developers 2017a). 

 

3.3: Preliminary Setup 

In Android Studio, the default structure of the application is automatically 

generated when starting a new project (Android Developers 2017c). One of the main 

modules within the structure included the AndroidManifest.xml file which consisted of 

the application identification along with other information about the application. The 

application identification is an important component since it is used to register the 

application to the CARTO and Google Developer services (CARTO 2017i; Google 

Developers 2017a). Once the services were activated, the library modules (API libraries 

and other code required to use the service) provided by the services were added to the 

dependencies section of the build.gradle script. The build.gradle script is a build system 

that compiles the source code and other resources the application requires. The Google 

Play Service Location and Android Support libraries needed for this application were also 

included within the build.gradle script along with the minimum and target versions of the 

Android SDK which were set at 19 (4.4 KitKat) and 25 (7.1 Nougat). 

    In addition to storing information about the application, the AndroidManifest.xml file 

is where specific requests are made to the Android operating system. When developing 
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an Android application, parts of the operating system are not available until permission 

has been granted to the application. A permission is a security measure that prevents the 

application from accessing sensitive information on the device unless the user gives 

consent. There are two types of permissions: normal and dangerous. Normal permissions 

include parts of the system that do not intrude on the user’s privacy and automatically 

grants the application permission to connect to the requested services. The normal 

permissions that were applied to the Oak Tree Mapper application were INTERNET 

(connects to the internet through cellular network or wireless fidelity) and 

ACCESS_NETWORK_STATE (checks if the device is connected to the internet). Unlike 

normal permissions, the dangerous permissions encroach on the user’s privacy and the 

user must be prompted to either accept or dismiss the application’s access. The dangerous 

permissions that were implemented into the Oak Tree Mapper application included: 

ACCESS_FINE_LOCATION (precise location of the mobile device), GET_ACCOUNTS (used to 

access Google accounts on the Android device), READ_EXTERNAL_STORAGE, and 

WRITE_EXTERNAL_STORAGE (allows the application to read and write to the devices 

external storage) (Android Developers 2017i, 2017h). 

The last portion of the preliminary setup was setting up the Oak Tree Mapper’s 

data table using CARTO Builder. The data table in CARTO is based on the PostGIS 

extension of PostgreSQL and contains locational data using the geometry data type (point 

feature type and the geographic coordinate system [EPSG:4326]) (CARTO 2017d). 

Along with spatial data, the data table also contains aspatial attributes for each oak tree 

point. There are eight fields that were included in the data table (Table 1) for this 

application. The first two fields, “cartodb_id” and “the_geom”, are managed by CARTO; 
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“cartodb_id” is a numeric field that is automatically populated by CARTO Builder 

sequentially for identification purposes; “the_geom” comprises the point feature of the 

oak tree in the form of a geometry. The remaining fields that had been added to the data 

table focused on storing details about individual oak trees. Three of these fields consisted 

of the oak tree species, presences of sudden oak death, and any further comments about 

the tree the user wanted to include; the final three fields referenced to unique identifiers 

of oak tree images stored within the public Google Drive folder designated to the Oak 

Tree Mapper application. 

Table 1: Data dictionary for CARTO dataset attributes. For this project, string fields were not required to 

have content. 

Field Name Data Type Definition 

cartodb_id* Number 
Feature identification that CARTO Builder sequentially populates 

for every new oak tree that is added 

the_geom* GeoJSON Consists of the oak trees geographic location and feature type 

image_acorn String 
Unique identification of the oak trees acorn image in the Google 

Drive folder 

image_leaf String 
Unique identification of the oak trees leaf image in the Google 

Drive folder 

image_tree String 
Unique identification of the oak tree image in the Google Drive 

folder 

notes String Extra comments about the oak tree  

oakspecies String Oak tree species 

sod Boolean Whether the oak tree has sudden oak death or not 

* Standard fields created by CARTO.  

 

3.4 Oak Tree Mapper Workflow 

The main objective when developing Oak Tree Mapper was to focus on providing 

volunteers with a tool to collect spatial and aspatial oak tree data with an emphasis on 

sudden oak death presence. The gathered data would ultimately be applied to validation 

methods for previous studies focusing on sudden oak death. In order to encompass the 

fullest capabilities in Oak Tree Mapper, the application was broken into three major 

categories: data collection, data exploration, and data querying.  
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Before the objective functionalities of the Oak Tree Mapper could be developed, 

the essential aspects of the application had to be established. The first major feature 

necessary for the application to operate was obtaining internet access in order to connect 

to the CARTO services. Without internet connection, then the application would cease to 

function until the device was in range of a network source. The second major feature the 

application required was accessing the mobile device's GPS to obtain the user’s 

geographic coordinates. Based on the best practices from the Android Developers 

website, Google Play services location API was employed to make the application 

locationally aware (Android Developers 2017f; Google Developers 2017b). Along with 

connecting to the Google Play services location API, the application is required to prompt 

the user to allow access to the device’s GPS (Figure 5). After these key components were 

implemented, the main functionalities and layout of the application could be applied. 
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Figure 5: The prompt that is displayed when Oak 

Tree Mapper requests access to the device’s GPS. 

 

 When developing the user interface of the application, each page in the 

application the viewer interacts with is called an Activity. An Activity (part of the 

Android API) consists of methods supported by Java code that is responsible for the 

interactivity of the user interface along with assigning the XML layout of the page 

(Android Developers 2017a). For example, when Oak Tree Mapper is opened, the first 

page that is called is the MapViewActivity, where the method 

mapView.getLayers.add(layer) sets and displays an interactive basemap on the user 

interface and setContentView(R.layout. 
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map_layout displays the XML layout file. One thing to note is that Activities cannot run 

simultaneously and Fragments (part of the user interface that can be displayed in an 

Activity) must be applied in order to view multiple windows on one page. Similar to 

Activities, Fragments contain their own methods and can display XML layouts, but 

depend on Activities in order to run (Android Developers 2017d). For example, when the 

user adds a new oak tree point in Oak Tree Mapper, a pop up window (Fragment) opens 

over the Activity where the user can input information about the oak tree. In Oak Tree 

Mapper, the main Activity, MapViewActivity, provides the core visual components, 

digital interactive map, and interactivity that allows users to open other Activities and 

Fragments.  

 

3.4.1 Map View Activity 

The first page to display when Oak Tree Mapper is launched is the 

MapViewActivity (Figure 6). Within this Activity, the first operation performed is setting 

the content of the user interface provided in the map_layout.xml file. Once set, the 

Activity checks whether the device is connected to the internet; if connection is not 

available, a message will display stating that the device does not have internet access and 

requires internet connection to use the application (Figure 7). Upon establishing a 

connection to the internet, the MapViewActivity attempts to access CARTO services 

using two pieces of information: the API key (obtained when the application was 

registered to CARTO) to initialize CARTO services and the name of the account that 

owns the data table that Oak Tree Mapper is trying to access (public data tables do not 
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require a password to access). After MapViewActivity establishes the proper 

connections, the remainder of the page can be loaded. 

 
Figure 6: The above diagram is the first page to display when Oak Tree Mapper is launched. The user 

interface layout is provided from the main_layout.xml file, while the functionalities are part of the 

MapViewActivity.  
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Figure 7: The display of Oak Tree Mapper when 

internet connection is not available. 

 

 

When designing the Oak Tree Mapper application, the goal was to make the user 

interface simple and easy to use with the main layout focusing around an interactive map. 

In order to display an interactive map, CARTO contains a “MapView” that can be 

implemented into the map_layout.xml file of the Oak Tree Mapper. The “MapView” is a 

“view” that supports the processing and interaction of the map; however, the map layers 

must be created and initialized in the MapViewActivity. There are two types of layers 

used for this application, a vector tile layer for the basemap and vector layers for point 

features. When creating the basemap layer, the first requirement was the CARTO service 
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which loads the tile data source progressively using a HTTP connection. The tile data 

source for the Oak Tree Mapper was acquired from Mapbox, a third party mapping 

platform, using a designated web address for the Mapbox Outdoors style. The tile data 

source is then used to define the raster tile layer that is added to the map “view”. The 

process of creating the point features is very similar to the basemap process where data 

sources are created specifically for vector layers. There are two vector layers in the Oak 

Tree Mapper application: the oak tree data points and the user’s location. Unlike the 

basemaps vector tile layer, the vector layer data sources do not require any parameters 

and are used for storing the point geometry and attributes. Since the oak tree vector layer 

requires accessing information from the CARTO data set online, a request using the 

CARTO SQL services is sent to retrieve all the oak tree data from the data set. The data 

returned are then stored within the vector layer data source and used to create point 

geometry. The attributes of the oak trees are then stored to the corresponding point 

geometry within the vector layer data source. 

In contrast, the user’s location vector layer requires the mobile device’s location 

that is obtained through a separate Activity (UserLocationActivity). When activated, the 

UserLocationActivity checks whether the user had previously granted the application 

permission to access the device’s location. If the permission was not already approved, 

then the application prompts the user for access. Once authorization has been given, a 

request for the device’s location is sent using the Google Play service location API. The 

location, returned in decimal degrees, is then sent back to the MapViewActivity and the 

UserLocationActivity closes. Since the coordinates return as decimal degrees, the 

location is converted into CARTOs default projection, EPSG: 3857 (Web Auxiliary 
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Mercator), before storing the location in the vector layer data source. After the vector 

layer data sources have been defined, the vector layers can then be created and displayed 

over the basemap.  

The default interactivity of any layer created is not defined, with the exception of 

panning and zooming of the basemap layer. In order to implement the responses to the 

user’s actions, event listeners for the vector layers were established. An event listener is 

where a function is set to “listen” and activate methods for specific click events (i.e. 

single, double, long, or dual) on the user interface. In the MapViewActivity, a vector 

element event listener was defined and applied only to the oak tree point features 

emphasizing on single click events. Any single click event on a point would then display 

a ViewPointFragment on top of the basemap with information and images of the 

individual oak tree. 

The final components of the MapViewActivity are the action bar and a button for 

adding data points. The action bar consists of a menu and the functionalities of each item 

of the menu. The format of the menu items are comprised in a drop-down menu along 

with icons displayed on the action bar for items expected to be used frequently (Figure 6). 

The icons provide the users an easy access for repositioning the map to their current 

location using the UserLocationActivity and interchanging the basemap between the 

Mapbox Outdoor theme and satellite imagery layout by updating the tile data source. The 

drop-down menu contains several options that lead to other pages or open Fragments. 

Two of these options are informative pages about the application and oak trees while the 

last item opens a tool (OakTreeQueryFragment) for querying oak tree data (more 

information on querying will be discussed later). The last piece of the MapViewActivity 
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is a button that opens a new Fragment (AddPointFragment) that allows users to add oak 

tree feature data points.  

The major responsibility of the MapViewActivity is to provide pathways to the 

different tools of the Oak Tree Mapper application. As mentioned earlier, the three major 

functionalities of the application are data collection, data exploration, and data querying. 

Each of these components are represented within individual Fragments. Two of the 

Fragments, AddPointFragment and ViewPointFragment, are directly associated with the 

MapViewActivity while the third component, OakTreeQueryFragment, is connected 

through the drop-down menu of the MapViewActivity. Figures 8 and 9 provide an 

illustration of how the pathways connect the different Fragments to the MapViewActivity 

and other resources. 
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Figure 9: The above flowchart shows the major pathways and functionalities of the menu displayed on the 

main user interface of the Oak Tree Mapper application. The menu is a part of the MapViewActivity. 

 

 

3.4.2 Add Point Fragment 

On the main user interface created by the MapViewActivity, a button is generated 

to direct users to the AddPointFragment where oak tree data points can be added (Figure 

6). When the Fragment is initiated, a new XML layout (add_point_layout.xml) is overlaid 

on top of the MapViewActivity in the form of a small window (Figure 10). The design 

and the functionality of the AddPointFragment allow the user to document information 
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about oak trees by providing the user with several recording options. The first of these 

options are the three separate camera buttons to photograph the tree, leaf, and acorn for 

identification purposes. When any of the camera buttons are clicked, the application first 

checks whether the device has a camera. If a camera is inaccessible, the application will 

resume back to the AddPointFragment. Once the application confirms a camera is 

present, the application proceeds by prompting the user if Oak Tree Mapper can read and 

write to the device’s storage (Figure 11). The storage is necessary to temporarily store the 

oak tree photos until the user finishes recording oak tree information. Without access to 

the device’s storage, the user cannot capture oak tree photos for the application. If at any 

point the user decides not to record a data point but already captured photos of the tree, 

the cancel button (or clicking outside the Fragment) will delete the saved images and 

close the AddPointFragment. 

The remainder of the options cover the attributes of the oak tree such as 

identification, verification of sudden oak death infection, and any other observations the 

user notices. The identification of the oak tree is determined by the user with the help of 

the field guide links in the MapViewActivity menu. Along with the field guide links, 

there is background information on sudden oak death which include images of how the 

disease appears on oak trees. Since the data will be available to query, the species 

common names were presented as a drop-down list and any sudden oak death 

observations were recorded as a Boolean (true/false) data type in the form of a checkbox 

to prevent imprecise queries due to spelling errors. The last option the user can use to 

document attributes is an editable text “view” where users can input any notes they have 
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on the oak tree. Unlike the oak tree identification and the verification of sudden oak 

death, the comments will not be used as a querying parameter and are recorded as is. 

 

 

 
Figure 10: This diagram is the AddPointFragment displayed over the MapViewActivity. This window 

provides users with the tools to add oak tree data points and attributes. The content of the user interface is 

set using the add_point_layout.xml file.  
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Figure 11: The prompt that is displayed when Oak 

Tree Mapper requests the user in order to read or 

write to the device’s storage. 

 

Once the user has completed documenting the oak trees information, the data are 

uploaded using the confirm button. As mentioned above, the images are stored in a public 

Google Drive folder which requires the application to prompt the user to login into their 

Google account. If the user rejects the request, the application will stay on the 

AddPointFragment display; otherwise the application will connect to the public folder. 

After the connection has been confirmed, the oak tree images will upload to the folder 

where each image is assigned a unique file ID; which are then returned to the application 

as a string. Once the file identifiers have been returned, all the information recorded in 
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the AddPointFragment along with the image identifications are uploaded to the CARTO 

data table using CARTO SQL services.  

In order to upload the data to the data table, a function had to be created in 

CARTO Builder using the Dataset Options editor window. The parameters of the 

function (Figure 12) were set to accept inputs for each field within the data table (Table 

1) including the geometry field (the_geom) which consisted of the latitude and longitude 

of the oak tree. The function would then insert the data into the corresponding fields 

within the table; any missing text values (images, identification, and notes) would be 

assigned an empty string before uploading to the table. After the CARTO SQL services 

uploads the data, the temporary images stored on the phone would then be removed and 

the AddPointFragment will close. Lastly, the MapViewActivity’s interactive map would 

update with the new point added to the map. 

3.4.3 View Point Fragment 

In the development of the oak tree point features, a vector element event listener 

is setup to open the ViewPointFragment when a user clicks on a point providing a 

convenient method for data exploration. Similar to the AddPointFragment, the display of 

the ViewPointFragment overlays on top of the MapViewActivity in the form of a small 

window (Figure 13). Within the layout, the ViewPointFragment displays the attributes for 

the specific oak tree data point that was clicked on. However, before the information can 

be displayed, the images must be retrieved from the public Google Drive folder using the 

assigned file identification appended to the end of the following web address: 

https://drive.google.com/uc?id=[Google Drive Image ID]. After the images are obtained, 

they are displayed as thumbnails which can be enlarged when clicked. 
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Figure 12: Above is the function used to insert data into the CARTO data table. The function was created 

and stored in the database using the CARTO SQL services provided in the CARTO Builder’s Dataset 

Options. When needed, the application would connect to the services and call the function with the required 

parameters.  
 

 

 

DROP FUNCTION IF EXISTS oakApp_addData(numeric, numeric, text, text, 

boolean, text, text, text); 

 

CREATE OR REPLACE FUNCTION oakApp_addData( 

lat numeric, 

lon numeric, 

species text, 

notes text, 

sod boolean, 

acorn text, 

leaf text, 

tree text) 

 

RETURNS TABLE(cartodb_id INT) 

 

LANGUAGE 'plpgsql' SECURITY DEFINER 

 RETURNS NULL ON NULL INPUT 

AS $$ 

DECLARE 

  sql text; 

BEGIN 

sql:= 'WITH do_insert AS ( 

INSERT INTO acorn_table(the_geom, oakspecies, notes, sod, 

image_acorn, image_leaf, image_tree) VALUES 

(ST_SetSRID(ST_MakePoint('||lon||','||lat||'), 4326),' 

||quote_literal(species)||',' 

||quote_literal(notes)||',' 

||sod||',' 

||quote_literal(acorn)||',' 

||quote_literal(leaf)||',' 

||quote_literal(tree)||')' 

||'RETURNING cartodb_id)' 

||'SELECT cartodb_id FROM do_insert'; 

 

RETURN QUERY EXECUTE sql; 

 

END; 

$$; 

 

--Grant access to the public user 

   GRANT EXECUTE ON 

FUNCTION oakApp_addData(numeric, numeric, text, text, boolean, text, 

text, text) 

      TO publicuser; 
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Figure 13: This diagram is the ViewPointFragment displayed over the MapViewActivity. This window 

provides users with information on oak tree data point that was clicked on. The content of the user interface 

is set using the view_point_layout.xml file. 
 

3.4.4 Oak Tree Query Fragment 

The last major function that the Oak Tree Mapper offers is querying oak trees 

based on spatial and aspatial parameters. The tool is accessible through the drop-down 

menu of the MapViewActivity with the XML layout (query_layout.xml) in a similar 

layout as the add and view point Fragments (Figure 14). The spatial parameter that the 

oak trees can be queried by is the distance based on the current coordinate of the device 
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using either kilometers or miles, while the the aspatial parameters include oak tree 

species and the presence or absence of sudden oak death. The method of input is similar 

to that of the AddPointFragment using drop-down lists and an editable text “view” with 

the inclusion of radio buttons instead of a check box for sudden oak death. Once the user 

confirms the constraints of their query, a SQL statement is concatenated together, sent 

back to the MapViewActivity, and the OakTreeQueryFragment closes. In the 

MapViewActivity, the CARTO SQL services are then used to request data from the 

CARTO data set based on the parameters provided in the SQL statement. Before the 

services are called, the vector data source and vector layer are cleared of all data in order 

to house the returned oak tree point features from CARTO SQL services. The updated 

vector layer will then be displayed on the basemap with the extent of the map showing all 

oak trees that meet the criteria of the query. However, if there are no data that meet the 

queries constraints, the vector layer will not exhibit any points. When the user is done 

viewing the queried data, the user location menu icon can be used to reset the map to 

display all oak tree data or a new query can be initialized.  

These three primary functions of this application provide a simple geospatial data 

collection tool that can be applied to studies that require gathering information in the 

field. The Oak Tree Mapper was developed specifically to be applied as a validation 

method for geolocating oak trees with sudden oak death along with oak tree 

identification. However, depending on the purpose of the project, the application can be 

developed to suit the needs of any VGI project.  
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Figure 14: The above is the user interface of the 

OakTreeQueryFragment used for querying oak tree 

data points. One or more of the options can be used 

for querying. 
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CHAPTER 4: CONCLUSION 

The development of the Oak Tree Mapper focused on implementing VGI as an 

approach to validate previous remote sensing methodology that aimed to identify oak tree 

species and check for presence of sudden oak death. The overall functionalities of Oak 

Tree Mapper were developed successfully with several limitations that need to be taken 

into consideration if similar applications were to be developed. The first limitation of Oak 

Tree Mapper is that it requires internet in order to function, which can be problematic in 

remote areas that do not have wireless fidelity and/or cellular network access. In order to 

address this problem, the application would need to have offline capabilities where a user 

can temporarily store recorded data on their device until the internet is available to upload 

the data to the designated cloud storages. The disadvantage of taking this course is that it 

would require the application to continue running in the background after the application 

has been dismissed. This method would be costly on the battery unless the user manually 

stopped the application. The usage of the device’s battery reserve could be avoided by 

storing data on the device until the application is used again in an area with internet 

access.  

Another approach developers could consider is to not change the internet 

requirements and acquire the data through other methods. One example of this is 

iNaturalist (a citizen science web/mobile application used for recording biodiversity 

observations) which cannot operate without internet access, but allows users to upload 

photos that were taken from devices with a GPS. iNaturalist will obtain the coordinates 

directly from the uploaded photo or request the user to manually input the location if the 

location is not available (“iNaturalist.org” 2017). These are just two examples of how the 
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internet limitation can be addressed, but depending on the specifications, developers can 

apply multiple solutions to fit their needs.  

The second limitation of Oak Tree Mapper that needs to be taken into 

consideration are the services of the CARTO platform and Google Drive. Both CARTO 

and Google Drive are freemium platforms that require payments for more advanced 

features. Since Oak Tree Mapper was only used for testing purposes, the advanced 

features of CARTO and extra storage capacity of Google Drive were not necessary. If the 

project were to expand, the free services CARTO and Google Drive provide may not be 

enough and paying for the advanced features may be necessary (CARTO 2017j; Google 

2017b). An alternative to using external services is to house a private server that supports 

PostgreSQL with the PostGIS extension. Both spatial/aspatial data and images can be 

stored in the database (PostgreSQL) and all spatial functions can be applied using the 

PostGIS extension (“PostGIS — Spatial and Geographic Objects for PostgreSQL” 2017, 

“Chapter 7. Storing Binary Data” 2017).   

In addition to the Oak Tree Mapper’s limitations, the application still lacked in 

validation techniques to increase the reliability of the data collected by the volunteers. 

Since the Oak Tree Mapper was just a prototype, including validation methods did not 

seem applicable without volunteers to test the application. However, if the application 

were to be built upon and tested, developers would need to consider implementing a 

validation process into the application.  

    Incorporating any validation methods into an application can be challenging since 

there are no best practices to follow. For the Oak Tree Mapper, only two attributes would 

require validation: the oak tree species and sudden oak death presence. Since the 
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volunteers would be capturing images of the oak trees, either volunteers (peer-to-peer) or 

administrators could update inaccurate data without going into the field. If a peer-to-peer 

approach were to be taken, more concerns arise on whether volunteers should be given 

editing capabilities and if all edits should be documented. This would require another 

data table to store the edit history and more storage would be required. If a project is able 

to obtain the additional storage, this route would be ideal; however, for studies that are 

limited on resources, an administrator to conduct the updates would be the most 

affordable option.  

The overall takeaway from developing the Oak Tree Mapper is that there is no 

one specific approach to building a mobile VGI application. This application specifically 

targeted mobile users with Android devices; however, depending on the project and the 

area of the study, the most widely used operating system can change from place to place. 

In situations where statistics on mobile device usage are not available, developers also 

have several options to target all mobile devices. These include, but are not limited to, 

choosing a programming language that can code across multiple platforms or creating a 

web application with an implemented mobile view mode to be accessed on any mobile 

devices web browser. There are also code free application builders available for users that 

have little to no coding experience. However, these can only build basic applications that 

do not require advanced functions. These are some examples of different approaches that 

can be applied when developing a mobile VGI application with the Oak Tree Mapper as a 

one approach. With the various software packages and programming languages available, 

developers have numerous methods they can apply to future mobile VGI applications.  
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