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Abstract

:

Citizen science initiatives span a wide range of topics, designs, and research needs. Despite this heterogeneity, there are several common barriers to the uptake and sustainability of citizen science projects and the information they generate. One key barrier often cited in the citizen science literature is data quality. Open-source tools for the analysis, visualization, and reporting of citizen science data hold promise for addressing the challenge of data quality, while providing other benefits such as technical capacity-building, increased user engagement, and reinforcing data sovereignty. We developed an operational citizen science tool called the Community Water Data Analysis Tool (CWDAT)—a R/Shiny-based web application designed for community-based water quality monitoring. Surveys and facilitated user-engagement were conducted among stakeholders during the development of CWDAT. Targeted recruitment was used to gather feedback on the initial CWDAT prototype’s interface, features, and potential to support capacity building in the context of community-based water quality monitoring. Fourteen of thirty-two invited individuals (response rate 44%) contributed feedback via a survey or through facilitated interaction with CWDAT, with eight individuals interacting directly with CWDAT. Overall, CWDAT was received favourably. Participants requested updates and modifications such as water quality thresholds and indices that reflected well-known barriers to citizen science initiatives related to data quality assurance and the generation of actionable information. Our findings support calls to engage end-users directly in citizen science tool design and highlight how design can contribute to users’ understanding of data quality. Enhanced citizen participation in water resource stewardship facilitated by tools such as CWDAT may provide greater community engagement and acceptance of water resource management and policy-making.
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1. Introduction


Citizen science (CS) encompasses a wide range of topics and investigations, from ornithology to astronomy to meteorology [1]. Despite this heterogeneity, certain barriers are common to many citizen science initiatives [2]. Differences in training, research priorities/interests, and modes of communicating information that often exist between (and within) CS initiatives and the formal scientific community can limit the degree to which CS initiatives influence decision-making processes [3,4]. Other commonly discussed challenges include volunteer retention [5], the generation of actionable information from raw data [6], data sharing and communication, and overall data quality [7]. Reservations regarding the quality/reliability of citizen-collected and citizen-generated data held by much of the wider scientific community are well documented as a barrier not only to the sustainability of CS initiatives, but to the uptake of citizen-generated data in formal scientific circles [5,7,8,9,10,11]. There is a longstanding discourse in the literature regarding data quality barriers in citizen science initiatives. Specific data concerns include comparisons of data from different sources [12], differing metadata standards [13], species identifications [14], and factors such as uncertainty, accuracy, bias, and precision [2,15]. Despite these well-known challenges, Fonte et al. (2015) [16] noted an overall dearth of guidance on CS data quality control and quality assurance (QAQC). The ability of citizens and CS initiatives to independently analyze, interpret, and communicate reliable, actionable results from their own high-quality data has been identified as a key challenge for community-based monitoring [17] and the output of reliable, actionable information has been observed as an important driver for citizen science volunteers [5].



One mechanism by which these barriers can be addressed is the development of open-source data analysis and support tools [18]. The development of such statistical and computational resources can support local data management (including quality assurance/quality control—QAQC), reinforce notions of data sovereignty, and promote capacity building in the field of citizen science [14]. Not only do data analysis tools have the potential to address the challenge of data QAQC, but they also offer to other interrelated benefits to CS initiatives and their participants such as: education/knowledge generation, the mobilization of local expertise, capacity building, greater levels of engagement, and increased data sovereignty [19]. Citizen data collectors need easy-to-use tools and interfaces to help them to summarize and visualize their data, assess the quality of their observations, build their understanding of data quality and scope, and to see value in the data they are creating in light of the bigger scientific or regional questions at play. iNaturalist, for example, has a robust user community mechanism where more senior/experienced naturalists correct and verify observations from newer participants, often providing detailed explanation and learning in the process (available at https://www.inaturalist.org, accessed on 10 March 2021). Other examples in the field of citizen science include Mackenzie DataStream (available at https://mackenziedatastream.ca/, accessed on 10 March 2021); eBird Canada (available at https://ebird.org/canada/home, accessed on 10 March 2021); and the CitSci.org website (https://www.citsci.org/, accessed on 10 March 2021), which allows citizen science initiatives to register their projects and offers numerous supports such as application programming interfaces. Such tools can catalyze local contextual interpretations which is one of the key benefits of citizen participation and can lead to higher quality information. Many open-source tools have been developed specifically for citizen science purposes, including software architectures, databases, and mobile applications [20].



Open-source data analysis tools and interfaces can provide extra levels of accessibility and transparency by allowing users to view and learn about the operations performed on their data and, when appropriate, to independently modify the software code to fit their needs better [20,21]. This is important for building trust among users who collect data and those rely on them for scientific analysis, enhancing technical capacity within communities [22] and increasing participant engagement [1]. Open-source software is typically available free of charge and restrictive licensing requirements which further enhances tool accessibility and can promote the development of communities of practice around open toolsets and methods [23].



The direct involvement of potential end-users in the design and development processes is critical to the success of any analysis or decision support tool. Ongoing engagement can mitigate issues such as retention and user satisfaction by recognizing the interdependencies between technologies and their intended social contexts [24,25]. Repositories such as Github allow tool developers to make their source code publicly available, potentially leading to code “forking” and increased interoperability [21]. Additionally, the ability to independently visualize, analyze, verify, and communicate citizen science data can support the formation of local policies and solutions, which may then be communicated to the wider scientific community and to government as needed—a benefit of citizen science recognized in Muenich et al. (2016) [26] and Weeser et al. (2018) [27]. The independent development of questions, policies, and answers by citizen scientists can leverage local knowledge and strengthen existing relationships between citizen science initiatives and scientists by promoting a two-way exchange of information, ideas, and feedback [28]. This is in contrast to the typically unidirectional flow of information from scientists to citizens [29,30], which can accentuate power inequities through a complete reliance on ‘third party’ experts for results.



In this paper, we present a novel R/Shiny based web application, the Community Water Quality Data Analysis Tool (CWDAT), that is designed for citizen science initiatives that focus on community-based water quality monitoring (CBWQM). The remainder of this introduction will present and discuss the research context of community-based water quality monitoring, with a focus on the connections between monitoring challenges and the benefits offered by open-source data analysis tools such as CWDAT.



Conservation and protection of the world’s freshwater resources is a vital global goal enshrined in Sustainable Development Goal 6 on Clean Water and Sanitation which aims to ensure availability and sustainable management of water and sanitation for all. Hydrometric monitoring networks provide vital information on hydrological processes and characteristics such as surface water discharge, watercourse morphology, and water quality [29]. Although regulated national-scale monitoring networks are often the primary sources of hydrometric data, their spatial and temporal coverage can be inadequate when considering local/regional water quality trends and characteristics, due to operational and capacity constraints. Community-based water quality monitoring initiatives can augment regulated monitoring network data by filling the spatial and temporal data gaps and by prioritizing parameters, times, and locations of local interest or concern [31,32,33,34,35].



Many tools have been developed to support the analysis and presentation of data related to water resources, such as AkvaGIS [36,37] and the USEPA’s Water Quality Data Analysis Tool (https://github.com/USEPA/Water-Quality-Data-Analysis-Tool, accessed on 10 March 2021). However, most tools are limited in terms of their accessibility (e.g., cost, system requirements, program requirements) and/or are tied to specific protocols for data collection and/or format in terms of the input data for which they are designed. For example, the USEPA Water Quality Data Analysis Tool is designed to work exclusively with the USEPA’s WQP Data Discovery Portal. AkvaGIS, while it accepts data directly from the user, requires field-specific data such as piezometer locations which may not be available/appropriate in the context of community-based water quality monitoring. Overall, tools that aim to monitor, manage, and/or predict natural systems often fail to be adopted and used in the contexts for which they were designed [38,39], a barrier especially relevant to the heterogeneous fields of CS and community-based water quality monitoring. Adapting more general-purpose data-analytic tools for water quality data analysis requires significant technical capacity which may not be possible in many community projects geared toward field data collection. A tool designed through an open-source platform, which can be edited and adapted by end-users and developers alike, thus privileging the respective cultures, contexts, information needs, and preferences of the CBWQM initiatives, holds some promise in addressing such challenges.



To address the needs outlined above, an open-source web application—the Community Water Data Analysis Tool (CWDAT)—was developed as part of a wider project aiming to identify and address barriers to citizen science/CBWQM initiatives and utilization of the data generated by such initiatives (i.e., Global Water Citizenship Project, http://gwc-gwf.ca, accessed on 10 March 2021). A prototype version of CWDAT was designed and presented to members of the Canadian community-based water quality monitoring field through a series of surveys and interactive sessions. Based on the feedback received, a second version of CWDAT was developed. The remainder of this paper will elaborate on the prototype’s design, the feedback received from potential end-users, and the consequent developments. Finally, the development of CWDAT is discussed within the overarching context of barriers faced by community-based water quality monitoring initiatives and recommendations for future development and capacity building are provided.




2. Methods


CWDAT is an interactive, open-source web application developed using the R/Shiny framework (R version 4.0.2) [40] and hosted using the open-source version of Shiny Server (https://rstudio.com/products/shiny/shiny-server/, accessed on 10 March 2021). As noted in 2017 by Hewitt and Macleod [41], the R/Shiny platform offers such advantages as: low-no cost, suitability on touch devices, ease of development/extension, and potential for scientific innovation, even when compared to other open-source development platforms such as Python and QGIS. The overall goal of CWDAT is to support and enhance CBWQM initiatives by providing a free, user-friendly and customizable tool for independent data validation, visualization, summary, and analysis. CWDAT is neither designed nor intended to replace pre-existing analyses, nor to compete with working relationships already established between citizens and scientists, but rather to complement such connections and to give communities a medium for independent, preliminary interaction with their raw data. An instance of the tool can be accessed through a browser at the following location: https://spatial.wlu.ca/cwdat/, accessed on 10 March 2021. The source code and files are freely available through GitHub (https://github.com/thespatiallabatLaurier/waterquality, accessed on 10 March 2021). The novelty of CWDAT, relative to other open-source tools in the field of citizen science, lies in its ability to read-in users’ data, its standalone nature (no other programs or online portals are required), its ability to statistically compare between data sources, its interactive visualization and reporting capabilities, and its specific focus on the field of community-based water quality monitoring.



The development of CWDAT occurred in three stages (see Figure 1). In the first stage, a prototype version of CWDAT was created based on known barriers to CBWQM in terms of data quality, data visualization, and data communication that were identified from academic and grey literature. Section 2.1 outlines the CWDAT interface, its major features, and the initial design choices. In stage 2, the prototype was presented to members of the CBWQM field through a series of surveys, informal discussions, and interactive tasks. Feedback was solicited on the tool’s ease of use, its potential to address barriers faced by CBWQM initiatives, and its potential to generate useful information for CBWQM initiatives (see Section 2.2). Stage 3 centered on incorporating user feedback into a second version of CWDAT (see Section 3 and Section 4).



2.1. Prototype Overview and Development


The initial CWDAT prototype included the following sections: Data Upload and Properties; Spatial Visualization; Graphic Visualization; Statistics, and Temporal Coverage Summary. These sections were arranged to facilitate a logical workflow [23] of data visualization and reporting starting with the provision of user-generated water quality data. The Data Upload and Properties component of CWDAT (Figure 2) considered the need for robustness against various naming conventions, dataframe structures, and variables. Additionally, CWDAT is designed to be tolerant of sparse data to recognize that only a subset of variables may be collected at some sites.



CWDAT accepts .csv files or either “long” or “wide” data structures, with the following field requirements: sampling site code, latitude, longitude, and sampling date (additional details and descriptions are provided in Table 1). Data provided in a “long” format require the user to identify which columns contain variable names and variable values. Similarly, data provided in a “wide” format require the user to identify which columns represent specific water quality variables. Once data have been added to CWDAT, the user is asked to identify the requisite columns containing latitude, longitude, date, and site identification code. CWDAT places no limitation on the number of non-requisite columns included in a user-provided .csv file.



The Spatial Visualization page (Figure 3) maps the locations of the monitoring sites. Users may click on a site, select a water quality parameter, and view a scatterplot of the corresponding data. An interactive table with sliders and filters is also provided, for the purpose of outlier identification. Both univariate and bivariate graphing functions are provided by the Graphic Visualization page (Figure 4). Using drop-down menus, users may select the variable(s), months, years, and sites they wish to plot. For reporting purposes, a button is provided for users to download their graphs in .png format. Basic statistical summaries, box plots, and normality testing are offered by the Statistics page (Figure 5) with downloading capabilities. The Temporal Coverage Summary page (Figure 6) was designed to help users identify temporal “gaps” in their data and to report on the volume of data collected. As with previous sections, the user-generated graphs are downloadable.



In addition to the visualization a preliminary analysis of a single data set, CWDAT offers users the ability to statistically compare the values of one dataset against another. Conceptually, one dataset would serve as a “reference” (for instance data from a regulated monitoring network) and the second dataset would be community-generated. This capability, offered on the Paired Sites Comparison page, is based on the methodology outlined in Kilgour et al. (2017) [42] and allows users to determine if their community-generated “test” data falls within the normal range of the reference data for corresponding sites. Comparing citizen-generated data to an accepted reference is one way to assess the quality or reliability of CBWQM data. This capability was seen to be important for established community based users to check their data prior to submitting them to a larger project database and also for training purposes where a new participant could compare their observations with historical or regional norms.




2.2. CWDAT Community Feedback


The open-source, dynamic nature of the CWDAT application allows for ongoing development and modifications to support the varied needs and preferences of end-users in the community-based water quality monitoring field. To support such development, thirty-two members of the CBWQM field in Canada were asked to share their insight via an independent survey or via facilitated sessions. The potential participants were contacted due to previous collaboration in one of two ways: (1) previous engagement or association with the Global Water Citizenship research project or (2) participation in a roundtable discussion on community-based monitoring jointly convened by the Gordon Foundation, WWF Canada, and Living Lakes Canada in November 2018.



Two options were offered for participation. Option A entailed independent participation using an online survey. The nine questions of Option A. Option B entailed an interactive, facilitated session using both an online survey and interaction with the tool. Option B questions are provided in Supplementary Document S1. In accordance with the survey questions, Option B participants were provided with a step-by-step instructions document (Supplementary Document S2). An informed consent statement was provided to participants upon the commencement of either survey, in accordance with the ethics approval granted by the Wilfrid Laurier University Research Ethics Board. Option A was offered in an attempt to maximize the number of participants, by offering an alternative for those who did not have the time or did not wish to participate in the facilitated session. The independent survey (Option A) focused on the roles, motivations, priorities, and barriers experienced by the participants via multiple selection and short and long answer questions. Option B included all survey questions from Option A, in addition to a set of five interactive tasks using CWDAT. As the inclusion of potential end-users through all stages of software development is critical to user retention, user satisfaction, and uptake [24], facilitated sessions with informal discussion encouraged more meaningful reflection and detailed feedback on CWDAT’s potential value. The step-by-step instructions and survey questions are provided as Supplementary Data. Table 2 provides a summary of the Option B tasks, the relevant functions of CWDAT, and related discussion topics.



Two .csv files containing sample water quality data were provided to participants. The first file was meant to represent data coming from a CBWQM initiative [43], the second to represent data coming from a regulated water quality monitoring network [44]. Upon completion of each task, participants were prompted to reflect via ordinal rankings, multiple selection, and short/long answer questions. Finally, participants were asked to give their general impression of CWDAT and its potential value to the CBWQM field, and to provide commentary and suggestions for improvement based on their interaction with CWDAT.





3. Results


3.1. Response


Cumulatively for surveys A and B, 22 total hits to the survey links were recorded (n = 22). Of these, 14 resulted in survey completions. Recalling the initial recruitment of 32 potential participants, approximately 44% of contacted individuals completed a survey. Of the 14 completions, eight participants requested a facilitated session (n = 8) and six completed the independent survey (n = 6). Participants’ self-declared roles and motivations (multiple select) were primarily scientific research, environmental awareness, and policy and decision-making (Table 3).




3.2. CWDAT Reception


At the end of Option B, users were asked to rank their overall impression of CWDAT based on three criteria: intuitiveness of the interface; relevance to the users’ CBWQM data questions; and generation of actionable information, on a scale from 1 (worst)–5 (best). The respective modes were 4, 5, and 5 (n = 8). Most participants emphasized the need for tools such as CWDAT, and many expressed an interest in following the tool’s development.



Through informal discussion and interaction with CWDAT, the Option B participants of this study outlined and expanded on numerous barriers they, and their respective CBWQM/citizen science initiatives, have faced. Some information was solicited in response to participant commentary on the tool and its features. Other information was volunteered by the participants when describing their experience, future hopes of the field, and procedures in their respective community/organization. Highlighted barriers ranged from initiative-specific challenges to perceived and actual characteristics of CBWQM and citizen science fields. Three general categories of barriers were observed from the transcribed feedback as shown in Table 4: metadata standards, data interpretation, and communication/information sharing. Multiple participants affirmed that the CWDAT prototype could be beneficial to the CBWQM field, while stressing the need for ongoing engagement and development.



Participant responses to the call for suggestions/next steps for CWDAT included better supplementary information (i.e., explanatory text regarding water quality parameters and plain-language descriptions of the analysis done on the data), enhancement of raw data sharing capabilities, and future engagement with developing initiatives prior to the completion of a publicly available model. Participants’ preferred output media included plain-text summaries, graphs, reports, and maps using colour to spatially display water quality parameters, their values, and associated criteria. One participant connected the need for informal, explanatory text to differences between grassroots community members and the wider scientific community, highlighting that the interface must not be too “intimidating”. Discussions with other participants placed the same concern in terms of default templates and settings—advanced users may find default settings restrictive, but too many options and settings could overwhelm and deter users less comfortable with technology [24].




3.3. CWDAT Development


In response to the feedback of participants, particularly those who selected Option B and engaged directly with the CWDAT prototype, several changes were made to the CWDAT interface and features. Major additions included a visual theme for the user interface; built-in sample data; the generation of downloadable, editable PDF reports; and plain language descriptions and explanations. Figure 7 shows CWDAT’s initial Data Upload and Properties page. Figure 8 shows the same page following participant feedback.





4. Discussion


4.1. Response and Reception


Although the response rate of 44% was higher than expected, the low overall number of participants, particularly those who interacted with CWDAT via a facilitated session (n = 8) substantially limits any claim of CWDAT’s value to the community-based water quality monitoring field. Additionally, a better representation of community members and other grassroots stakeholders would enhance the results and give a truer accounting of CWDAT’s potential use within the wider CBWQM field. However, the feedback and discussions described below did provide some insight into the barriers faced by CBWQM initiatives and the ability of CWDAT to address certain needs in the field.




4.2. Prototype Modifications and Implications


The facilitated sessions, while limited to a low number of participants, allowed for in-depth discussions and maximized the insight offered by each participant. Moreover, the provision of a working prototype served as a catalyst for more detailed discussions—both in terms of CWDAT’s individual development and its value within the broader context of CBWQM and CS. This was critical as it expanded discussion from more general and abstract concerns and interests focused largely on questions of “what” to address both the “what” and the “how” (interface) [45].



As expected, the workflow from raw data to actionable information, and data quality concerns, are two substantial barriers to sustainable community-based water quality monitoring. The heterogeneous nature of the field, as represented by participants in terms of a dearth of consistency in protocols, reporting, and workflows, is another challenge, a finding consistent with Jollymore et al. (2017) [30] regarding citizen participation in the hydrological sciences.



Field-specific barriers such as water sample data quality must be viewed in the context of initiative-specific barriers and restrictions. For example, the use of laboratory testing, while it can increase the perceived reliability of the data, can create another barrier if consistent laboratory protocols are not used within/across initiatives. If a set of laboratory protocols are established for water quality sample analysis across the field of CBM, it must be considered if all initiatives have the capacity, financial or otherwise, to adhere to such protocols. Participants indicated that the proposed method of statistical paired site comparison is a promising technique which could help to address the discussed barriers. Specifically, the reliance on publicly available datasets can leverage spatial open government data to the benefit of the CBM field, especially as this resource is typically underused outside of the scope of “expert” research projects [46] while remaining accessible.



The provision of the tool’s source code, the literature source for the statistics [42], and requested plain language explanatory text within the tool’s interface speak to transparency and, where desired, community data sovereignty. Transparency is a guiding pillar of web tool development within the CBM field for enhancing watershed management and planning [47]. Data sovereignty recognizes that some communities (e.g., Citizen groups, Indigenous communities) may want to explore and validate their own monitoring data, yet not share their data with an external citizen science project, government, or industry [48,49]. Further development of data QA/QC functions for the tool, as requested by Survey B participants, included the use of colours to flag extraneous values, reflecting a documented characteristic of Decision Support Systems—the identification of conflicting data [50], which participants connected to the challenge of establishing norms and trends across and within monitoring jurisdictions. The potential for such information (via CWDAT) to help improve the consistency of CBM practices was discussed by some participants in terms of temporal and spatial biases in the data—a line of inquiry consistent with Geldmann et al. (2016) [51], which indicated that modelling the intensity (interpreted in this context as “number”) of observations can help to understand spatial and temporal biases at/between monitoring stations.



As discussed at length by one Survey B respondent, while many CBM initiatives have established effective and beneficial working relationships with scientists and formal institutions, the proposed tool has the potential to fill the niche between the grassroots and the highly scientific and technical. By not only allowing users to ask questions of their data but also introducing users to potential questions they had not considered, by virtue of an open-ended design, members of the CBWQM field can be in a better position to understand and leverage their own data (starting small) either independently or in preparation for collaboration. Such discussions aligned well with previously established barriers and best practices in the literature. The use of the open-source R/Shiny framework supports a versatile, open-ended design affirmed by the Option B participants, as opposed to more traditional, “top-down” tool designs. This progression is consistent with findings in Castillo et al. (2016) [52], which suggested future work on Environmental Decision Support Systems will focus on broadening the range of EDSS capabilities and applicability. Although CWDAT should not be considered a full EDSS, the drive toward better features and wider relevance is shared.



The study revealed how obtaining relevant feedback on new software tools in a citizen science context is necessarily time-consuming and application-specific. Thus, identifying generic principles of geospatial capacity building in citizen science initiatives is challenging. However, we found that much of the rich feedback from Survey B respondents, facilitated stronger relationships with the project which are important cornerstones of project sustainability. The technical dimensions of interface design—while important—may be of less overall long-term value than the social dimensions conveyed through the use of the technology as a boundary object between citizen and scientist and/or technologist [53].





5. Conclusions


This paper presented the Community Water Data Analysis Tool, an open-source web application using the R/Shiny platform. CWDAT is intended to support citizen science initiatives in the field of water quality monitoring, especially community-based initiatives. CWDAT’s interface allows a user to provide their own water quality data in .csv format and is robust against varying data structures (i.e., long vs. wide), date and time formats, and naming conventions.



A series of facilitated sessions with members of the community-based water quality monitoring field yielded positive feedback for CWDAT, insight into the challenges faced by CBWQM initiatives, and suggestions for future iterations of CWDAT. Feedback on CWDAT was positive and addressed a gap between citizen scientists and the wider scientific community by providing an accessible tool for independent visualization, analysis, and reporting of community-generated water quality data. CWDAT’s use of an open-source language (R) with a robust online support community, combined with the provision of CWDAT’s source code through Github, allows CBWQM and CS initiatives to modify CWDAT as they see fit. Future iterations of CWDAT will incorporate water quality thresholds and guidelines, the calculation of the Canadian Council of Ministers of the Environment water quality index, and other methods of data presentation and analysis. Overall, feedback from the study participants identified barriers to citizen science initiatives such as data quality and contextual divides between citizens and scientists.
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Figure 1. Stages of development for Community Water Data Analysis Tool (CWDAT). 






Figure 1. Stages of development for Community Water Data Analysis Tool (CWDAT).



[image: Ijgi 10 00207 g001]







[image: Ijgi 10 00207 g002 550] 





Figure 2. Data upload and properties—users may provide their own water quality data or use CWDAT’s built-in data to explore the interface. 
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Figure 3. Spatial visualization—users can explore the location, ranges, and values of the data. 
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Figure 4. Bivariate graphic visualization—users may specify which site(s), vasriable(s), year(s), and month(s) they wish to visualize. 
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Figure 5. Statistics—users may generate and download PDF reports and individual graphs. 
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Figure 6. Temporal coverage summary. 
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Figure 7. Data upload and properties (initial interface). 
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Figure 8. Data upload and properties (following participant feedback). 
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Table 1. Field requirements for user-provided water quality data.
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	Required Field
	Description
	Accepted Data Type(s)





	Site identifier
	A unique identifier for each discrete location water quality samples were collected or measurements were taken. This can be a name, code, number, or other categorical variable. Multiple observations from a single location should all share the same site identifier.
	String, integer, float



	Latitude
	Latitude coordinate in decimal degrees using the WGS84 system.
	Float



	Longitude
	Longitude coordinate in decimal degrees using the WGS84 system
	Float



	Date
	Date of sample collection. Sample collection time may also be included in this column but is not required.
	String, Date, POSIXlt (R)



	Indicator/Variable(s)
	Water quality indicators (e.g., temperature, pH, etc.). For “long” format data, indicator names will be listed in a single column.
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Table 2. Facilitated session tasks and topics.
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Task

	
Purpose

	
CWDAT Section(s)

	
Informal Discussion Topics






	
1

	
Upload a .csv file of water quality data

	
Data Upload and Properties

	
File structures and sizes; metadata; sampling protocols and users’ experiences with data handling and storage




	
2

	
Identify and explore outlier values

	
Spatial Visualization and Statistics

	
Data QAQC; users’ methods and needs; outlier detection




	
3

	
Visualize the data’s temporal scope

	
Temporal Coverage Summary

	
Sampling designs; CBWQM initiative organization and resources




	
4

	
Graph a subset of data

	
Graphic Visualization

	
Data presentation; viewer and stakeholder preferences and needs




	

	
data

	
data




	
5

	
Determine if a subset of test data is within the normal range of a reference baseline

	
Paired Site Comparisons

	
Data validation; QAQC; confidence in results; analysis outcomes
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Table 3. Participant roles and motivations.
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	Role
	Count
	%



	Scientist or researcher
	9
	64



	NGO/Not-for-profit
	3
	21



	Outreach
	3
	21



	Data analyst
	2
	14



	Volunteer
	2
	14



	Government or leadership
	1
	7



	Environmental consulting
	1
	7



	Community member
	1
	7



	Motivation
	Count
	%



	Environmental awareness
	7
	50



	Scientific research
	6
	43



	Planning and decision-making
	4
	29
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Table 4. Summary of recurring identified and discussed barriers.
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	Metadata Standards
	Data Interpretation
	Communication/Sharing





	Controlling for units
	No consistent idea of how to use data
	Privacy concerns



	Inconsistent data labelling

variations in instrumentation and laboratory procedures

Variations in naming conventions

Variations in file format anddata structures
	Establishing trends and triggers
	Internet capacity



	
	Long-term analysis capacity
	Communication media



	
	
	Perceived lack of quality



	
	Lack of meaningful interpretation, coordination, and common reporting within and between community-based water quality monitoring/citizen scientist initiatives
	File sizes
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