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Abstract: Citizen science, participatory research, and volunteer monitoring all describe research where data are collected by non-professional
collaborators. These approaches can allow for research to be conducted at spatial and temporal scales unfeasible for professionals, especially in
current budget climates. Mobile computing apps for data collection, training, and analysis can greatly enhance participatory science.

This article is part 3 in a series on the use of mobile computing applications for Extension work. The first article discussed mobile
applications for Extension, and the second discussed tools for creating mobile applications. A later article in this series will focus on the use
of apps for youth education in science and agriculture.

Participatory Science
While projects like the National Ecological Observatory Network (NEON) make use of autonomous sensors to collect environmental data,
sensing by humans (Goldman et al., 2009) is still the best way to collect certain kinds of data, such as species occurrence (Sullivan et al.,
2009). Working with citizen scientists has several advantages. It allows data collection on areal and temporal scales that are difficult to
attain by professional researchers (Salmon et al., 2008). Data can be collected synchronously over a wide area, potentially including sites
researcher might not have considered. And it facilitates increased investment from participants in research results, as individuals who
collect data show an increased level of stewardship (Borisova et al., 2012). In an Extension context, it allows clientele collaborators to gain
a deeper understanding of the information they help collect.
Citizen observers can collect data simultaneously at continental, national, or statewide scales during events such as the Great Backyard Bird
Count (Bonney et al., 2009) but may also collect data on an ongoing basis over large areas, such as with the Appalachian Trail MEGA
Transect (Cohn, 2008) or the international Reef Check program (Gillett et al., 2012). These data are collected at very low cost (Goldman et
al., 2009). Volunteer monitors have collected water quality information for decades usually in concert with federal, state, or local
environmental protection agencies. With at least 900 groups engaged in water quality monitoring, these activities contribute useful data
which may be especially important as professional programs suffer funding cutbacks (Loperfido, Beyer, Just, & Schnoor, 2010).
The Internet has greatly facilitated coordination and management of large-scale participatory projects. Web-based conduits for citizen
science allow users to share and analyze the information. This serves to increase scientific literacy and engagement (Bonney et al., 2009;
Wiggins & Crowston, 2012) and can empower landowners, even on small residential properties, to take action to better manage the
landscape (Cooper, Dickinson, Phillips, & Bonney, 2007). Greater participation in the creation of content and in the collection and analysis
of data is part of a general trend to a more interactive Internet, dubbed Web 2.0 (O'Reilly, 2007) with the push towards citizen science,
Science 2.0 (Cohn, 2008).

Mobile Apps for Participatory Research
The use of mobile computing applications (apps) merges Web 2.0 and Science 2.0. Mobile computing devices create unprecedented capacity
for members of the public to collect, share, and use data (Drill, 2012a; Shilton et al., 2009). Participants can record observations on site
and in real time, data can be processed in "the cloud," and users can have access to their own and to shared data while in the field (Drill,
2012b; Goldman et al., 2009). This interactivity can guide further data collection—for example, if a user documents the location of a
particular bird then notices an observation of another species in the area he or she may refocus efforts to look for both species. Apps for
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participatory science include INaturalist, Project Noah, and eBird, which collect information about species observations; Project Budburst, a
national effort to collect phenological data; OakMapper, which tracks incidences of Sudden Oak Death; and What's Invasive! and I've Got1,
which map the distribution of invasive plants and animals. These are examples of coordinated monitoring efforts and effective outreach
tools, showing people where and when these phenomena occur and providing them with more information.
These apps primarily attract users who are inherently interested in the topic, but data collection can be further enhanced by the addition of
game features, like those in What's Invasive or the FloraCaching feature of Project Budburst, which encourage users to compete to collect
more observations. Benefits of using mobile devices for data entry include the fact that certain kinds of data (location, time) are entered
automatically, and photos are instantly tagged as they are taken. More complex data can be observed and entered at the same time,
rather than recorded for later entry, which cuts down on data entry errors and participant fatigue.
One additional advantage of using mobile apps for citizen science may be the ability to reach new audiences. For youth especially, as
exposure to video screens increases, experience of nature decreases—what has been termed "nature deficit disorder (Louv, 2009).
Paradoxically, mobile applications could be used as a tool to engage the "net generation" with nature by guiding observations (e.g., Arnold
Arnold, 2012). A later article in this series will focus on the use of apps for youth education in science and agriculture.

Data Quality Control
When engaged in participatory data collection, there are several issues that arise in terms of data quality and management. Data quality
can be regulated at the input stage or through review before final recording. Observers may be required to participate in a training prior to
data collection, or the instructions may be contained within the app. Mobile apps can enhance this aspect of participatory research (Drill,
2012a), as on-screen prompts clearly guide the users through the data collection process, and illustrations, photos, animations, and videos
can be incorporated to guide sample collection and species identification. Trained volunteers can find "refresher" resources built into apps.
While data collected by citizen volunteers can be extremely valuable, researchers should limit their expectations of what they are asked to
do—for example, identifying a few easily recognizable indicator species, rather than expecting a comprehensive knowledge of the flora and
fauna. Protocols should be very clear, directions easy to follow, and the collected data tested for reliability (Cohn, 2008). Data submitted by
volunteers must be managed and reviewed to ensure data quality. This can be a challenging task, and a clear quality control plan should be
developed before sharing a data collection app. Data collected by volunteers may not be as accurate as that collected by professional
scientists, but evaluation of these data, and refinement of data collection protocols, can improve the quality (Gillett et al., 2012; Loperfido
et al., 2010). In addition, volunteer data can be used to direct the use of scant professional resources (Loperfido et al., 2010).
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