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Abstract
Archaeological sites and collections have long been targets for treasure hunters and thieves seeking valuable artifacts to collect and sell. The problem has generated international treaties and national laws to fight against the illicit trade in archaeological artifacts and other irreplaceable cultural heritage objects. Agencies have developed web-based searchable databases to publicize stolen objects, but low recovery rates reveal limitations with the text-based format of these databases, lack of direct links to archaeological research databases, and the lack of engagement with the public in solving the problem of artifact theft.  The objective of this paper is to propose a web-based geographic information system (GIS) that presents a spatial solution to the problem of reporting and tracking lost artifacts. To support this objective, Esri’s cloud-hosted technology ArcGIS Online and holistic crowdsourcing solution Citizen Problem Reporter was implemented to produce a proof-of-concept web GIS for the collection and management of public reports of archaeological sightings and site problems. The results demonstrate that this entirely configurable solution can be effectively adapted from the original purpose to engage broad support in the pursuit of recovery of stolen artifacts. 
[bookmark: _Toc90969360]Background 
In June 2009, federal agents raided homes and businesses in the small city of Blanding, Utah, searching for archaeological artifacts illegally acquired from federal and tribal lands. The Federal Bureau of Investigation (FBI) and Bureau of Land Management (BLM) led the investigation and undercover operation that ultimately led to the indictments of 24 people, many considered upstanding citizens of the community, for violation of the Archaeological Resources Protection Act (ARPA) and Native American Graves Protection and Repatriation Act (NAGPRA) and to the recovery of over 6,000 artifacts (Loftholm, 2009). The FBI in 2014 raided the home of a 91-year old man living in Waldron, Indiana who collected over 42,000 artifacts that included hundreds of bones from indigenous ancestral graves (Katz, 2019). A portion of the collection is shown in Figure 1. An international operation conducted by INTERPOL, Europol, and the World Customs Organization in 2019 led to the arrest of over 100 people and the recovery of 19,000 illegally acquired archaeological artifacts and other cultural objects (INTERPOL, 2020).
[image: ]
Figure 1: Artifacts seized by the FBI in 2014. Photo credit: FBI. Retrieved from 
Collecting artifacts has been popular in the U.S. and other parts of the world for many years and has led to a robust market for these objects. An archaeological artifact is defined by the Archaeological Institute of America (2020) as “a portable object manufactured, modified, or used by humans.” Archeologists study artifacts to gain understanding of the materials and use of these objects as well as the found location within archeological sites. The artifacts contribute to knowledge of the historical culture of a society, while also providing educational and cultural resources to modern societies (Society of American Archaeology, n.d.). 
While artifacts may be collected legally, such as surface collection on private land as permitted by the landowner, a vast trade in illegally obtained archaeological artifacts exists and is fueled by the monetary value placed on them. With the high value placed on many artifacts, war and poverty often contribute to the looting of archaeological sites. Recent studies analyzing satellite imagery have identified mass looting of archaeological sites in conflict zones such as Syria (Cassana, 2015). Sarah Parcak, the author of the textbook Satellite Remote Sensing for Archaeology, explains how ongoing mass looting in Egypt originated with the 2009 recession; and if this continues at current rates, she estimates all sites in Egypt will be affected by looting by 2040 (TED, 2016). 
The United Nations Educational, Scientific and Cultural Organization (UNESCO) 1970 Convention on the Means of Prohibiting and Preventing the Illicit Import, Export and Transfer of Ownership of Cultural Property established an international treaty for the purpose of engaging member states in the fight against illicit trade in cultural heritage items, and to date 140 countries have ratified the treaty (UNESCO, 2019). Other treaties and laws have been established since that time including the ARPA and NAGPRA to combat illegal trafficking of antiquities and promote international cooperation in the recovery and repatriation of artifacts to the countries and places of origin. These efforts have resulted in increased public recognition of the importance of preserving archaeological sites and artifacts, due diligence in the trade of antiquities, and investigation and enforcement of crimes. While this has led to success, the scale of the problem of illegal trade is global and increasing (Interpol, 2020). 
Benderson (2016) explains, “Beyond the obvious legal violations, some collectors do not understand the moral, historical, and scientific implications of separating an item from where it was found, and thus separating it from its historical context, its story, and from what it could tell us about how it was used and valued in the past. The item simply becomes an object, and its larger meaning is lost. The piece of the historical and cultural puzzle that it would have provided is likely gone forever, and when human remains are involved, the spiritual link is disturbed”. Understanding that the problem of illegal artifact trade and collecting is one of great importance from a historic and cultural perspective, organizations have employed web technology to host databases of stolen objects in the effort to recover stolen artifacts.  The following literature review explores these methods to determine effectiveness of such systems and support the objective of this project proposal, which is to establish a prototype web-based GIS to support and improve upon artifact recovery efforts.  
[bookmark: _Toc90969361]Literature Review 
Crime involving the looting of archaeological sites and illicit trade in archaeological artifacts is a growing problem in many countries. Theft of such artifacts results in a loss of important historical information about the site and culture that created the artifacts, often forever. These crimes fall under the broader category of cultural heritage crime, which incorporates destruction, defacing, and theft involving a nation’s various cultural assets including art, monuments and sites, artifacts, and religious objects. Public and private databases exist that are accessible via web browsers that serve as searchable repositories of heritage objects stolen from private and public collections. While studies on the heritage crime databases are readily available, examples of direct links between these databases and archaeological databases for the specific purpose of recovery and return of missing artifacts to the archaeological site of origin are limited. 
Researchers recognize the importance of databases for deterring heritage crime by providing as part of their web interfaces a mechanism for reporting thefts and allowing due diligence in the trade of cultural objects. They have also identified limitations such as inconsistent documentation of the origin of objects that present challenges to recovery and analysis. For example, Grove and Daubney (2018) found a pattern of crime reporting where specific identification of heritage crimes and information related to historic sites of origin was lacking that made mapping the extent of the crimes impossible. The researchers also call for educating and involving the public in the reporting and stewardship of cultural assets. This drives the need for improvements in data collection to include collection of origin information and public sourcing for heritage crime reporting and information. In my research I draw from studies that identify the successes and challenges of cultural crime databases to identify methods to bridge the gap between the methods and mechanisms that collect the crime information and the data about the archeological artifact and site.   
Several repositories exist for management of heritage assets and crime reporting and prevention. Public and private databases exist for cataloging heritage items and for reporting heritage crime. The FBI Stolen Art File (https://www.fbi.gov/investigate/violent-crime/art-theft/national-stolen-art-file) and the International Criminal Police Organization (INTERPOL) Stolen Works of Art Database (https://www.interpol.int/en/Crimes/Cultural-heritage-crime/Stolen-Works-of-Art-Database) are publicly accessible via web-based interfaces but are limited to text-based searches (Roodt and Bensen, 2015) as shown in Figures 2-4. The South African Heritage Resources Agency Information System (SAHRIS) (https://sahris.sahra.org.za) is used as a national repository and management system for South African heritage assets and is also a platform for reporting and tracking crime related to these assets (Quintero et al, 2016).  The database is also publicly accessible via a web-based interface and like the aforementioned databases offers text-based searches (Figure 5) but also includes some basic mapping and reporting capabilities. 
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Figure 2: Item list in the INTERPOL Stolen Works of Art database.
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Figure 3: Text search interface of the INTERPOL database.
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Figure 4: Catalogue selection pop-up from the INTERPOL database search field.
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Figure 5: Stolen object listing in the South African Heritage Resources Agency Information System (SAHRIS) database. 

Archaeology databases, on the other hand, are designed primarily as repositories for research and historical investigations of archaeological sites and artifacts recovered from the sites. The Digital Archaeological Record (https://www.tdar.org/) is an international, public digital online repository of archaeological research data. Users can search records and contribute research to the repository. Figures 6 and 7 show the web interface and results of a search. The Chaco Research Archive (http://www.chacoarchive.org/cra) is an online searchable database of historical archaeological surveys within the Chaco Canyon National Historical Park. Direct links between such archeological databases and heritage crime databases are not evident. SAHRIS is the exception as it contains some archaeological artifacts with their associated sites; Quintero et al (2016) and Roodt and Bensen (2015) both indicate SAHRIS directly links to the INTERPOL database through compliance with the INTERPOL Object ID form for records and cases. It is important to note that SAHRIS is designed as a cultural heritage management system, and with the built-in compatibility with the INTERPOL Object ID form it is more like other heritage crime databases than most archaeological research databases. 
[image: ]
Figure 6: Search interface in The Digital Archaeological Record (tDAR).
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Figure 7: Web page with search results of tDAR.
Recovery rates of stolen cultural objects have been difficult to ascertain from the research except for Durney’s research on impacts of documentation and publicity on recovery rates (2011). Grove and Daubney (2018) and Durney (2011) discuss how lack of standard documentation of stolen heritage objects negatively impact the ability to recover the items and so promote the use of the INTERPOL Object ID form. Durney’s (2011) analysis of the Art Loss Registry (ALR) database for records between 2000 and 2009 showed that inclusion of documentation regarding premise (e.g., an archaeological site) and country (of loss) resulted in a 3.16% recovery rate versus a recovery rate of 1.18% when these fields were not populated, concluding an increased likelihood of recovery when these details are associated with the object. Grove and Daubney (2018) highlight the lack of a “flag” for heritage crimes in police databases and lack of public awareness of what constitutes a heritage crime. Public involvement in the reporting of cultural heritage crimes and monitoring of cultural heritage assets is another method of potential improvement of object recovery highlighted in the studies but no statistical analysis is provided. Grove and Daubney (2018) provide examples of crowdsourcing contributing to research such as wildlife monitoring and to an historic knowledge sharing website, indicating this crowdsourcing methodology could easily be applied to heritage crime. 
It is evident from the research that web-accessible databases aid in the fight against cultural heritage crime. What is less clear is whether databases dedicated to cultural heritage crime provide the details and consistency of information to address the problem of returning archaeological artifacts to the site of origin and restoring historical and cultural context and value to society. Further research is needed to explore the application of standards such as the INTERPOL Object ID form to archaeological databases for improved reporting and tracking artifact theft. While the INTERPOL Object ID form is available in many languages, adoption is not universal as poor countries do not have the resources to implement cultural heritage databases (Durney, 2011). Roodt and Bensen (2015) express the need for interoperable databases and sharing across platforms to improve tracking and deterrence of heritage crimes.  Public sourcing of information about heritage crime holds promise and can be applied to more focused efforts on stolen archaeological objects. 
Reviewing these databases and issues caused me to think about how to build a better system for reporting and tracking lost artifacts that overcomes the shortcomings of theft databases centered around limitations of text-based searches, lack of linkages and shared objectives between theft and archaeology databases, and lack of public sourcing for information that can aid in recovery of stolen items. My project will investigate and test methods of reporting and tracking archaeological artifact theft with the objective of creating a collaborative system that will ultimately improve artifact recovery rates.
[bookmark: _Toc90969362]Goals and Objectives
[bookmark: _Toc90969363]Create a prototype GIS database to store and share information about lost artifacts, reported sightings, and recovered artifacts that can be accessed through a web platform for mapping and analysis.
In reviewing publicly available archaeology databases it seems these are often disparate and not directly related to one another, nor are they directly linked to stolen cultural heritage item databases. Public archaeological databases are often established to support research objectives and rarely publicize stolen artifacts. Since the differences in objectives and security is a challenge for linking databases, an option is to create a specialized central database that contains the information specific to artifacts stolen from archaeological sites. This database can be made public and hosted through a web GIS portal by an organization such as a public land management agency or a state archaeological office.
[bookmark: _Hlk52710229][bookmark: _Toc90969364]Engage the public and encourage widespread involvement in the effort to locate and recover artifacts through a web-accessible map application. 
Public engagement in archaeological discovery and protection has proven to be effective. The problem of archaeological site looting led Sara Parcak to launch GlobalXplorer°, an online platform that leverages crowdsourcing to identify looting of archaeological sites using satellite imagery. Funded on an “expedition” basis, the first expedition in Peru involved nearly 100,000 volunteers examining over 17 million tiles. Parcak claims to have achieved a 90% success rate in identifying significant discoveries (GlobalXplorer°, 2019). Getting 100,000 volunteers to participate is evidence of the appeal to the public, no doubt enhanced by publicity through social media.
GlobalXplorer° provides the user with a simple web-based graphical user interface and dashboard that reports the user’s rank and rewards as shown in Figures 8 and 9.
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Figure 8: User interface in GlobalXplorer. Yates, D. (2018). "Crowdsourcing Antiquities Crime Fighting: A Review of GlobalXplorer." Advances in archaeological practice : a journal of the Society of American archaeology 6(2): 173-178. DOI: https://doi-org.ezaccess.libraries.psu.edu/10.1017/aap.2018.8.
[image: ]
Figure 9: User dashboard in GlobalXplorer. Yates, D. (2018). "Crowdsourcing Antiquities Crime Fighting: A Review of GlobalXplorer." Advances in archaeological practice : a journal of the Society of American archaeology 6(2): 173-178. DOI: https://doi-org.ezaccess.libraries.psu.edu/10.1017/aap.2018.8.
This method can be extended to the idea of enabling the public to report sightings of stolen artifacts through a web application. The web application will need to appeal to the public interest in the protection of archaeological sites and must engage the person who cares for or about archaeological artifacts, such as an artifact collector or an amateur archaeologist. The application can be accessed through a website that provides information promoting the protection of archaeological sites and associated artifacts, highlighting preservation efforts and educational content.
Providing spatial information along with visual images and other details of artifacts will provide context for understanding artifacts that have been lost and the sites where the artifacts originated. Reporting sightings of artifacts should be simple and flexible, providing options to report sightings as locations on a map or online locations such as store or auction websites.  
[bookmark: _Toc90969365]Enable visual reports on sightings and recovery in a web platform.
All users benefit from visual reports. Organization administrators and collaborators can monitor activity and analyze data, and public users can view information related to their efforts and contributions. 
[bookmark: _Toc90969366]Methodology
[bookmark: _Toc90969367]Software and Technology
Esri’s ArcGIS is designed for implementing GIS as a Web GIS platform, and the ArcGIS Online model is Esri’s cloud-based GIS system (Fu, 2018). For this project ArcGIS Online was used to host the data, application, and dashboards. Technologies for this project are shown in Table 1.
Esri provides ArcGIS Online and ArcGIS Enterprise as deployment models. ArcGIS Enterprise is designed for organizations to manage web implementation with on-premises infrastructure, while the ArcGIS Online public cloud is managed and maintained by Esri. With the need to ensure security of sensitive information, control user access, and obtain data input from the public, a hybrid model of ArcGIS Enterprise and ArcGIS Online provides an ideal deployment model for a managing organization (Fu, 2018). This project focuses primarily on the capabilities of creating and deploying a prototype solution in ArcGIS Online and not deployment of a complete hybrid model.
Table 1: Esri technology implemented for the project. 
	Technology
	Purpose

	ArcGIS Online
	Cloud-based portal for web GIS where data will be served, and applications and other components will be hosted.

	ArcGIS Solutions – Citizen Problem Reporter
	Collection of web applications, hosted feature layers and feature layer views, and web maps designed to collect and manage problem reports. 

	ArcGIS Pro
	Desktop application used behind the scenes to manage the public facing feature layers hosted in ArcGIS Online. 



[bookmark: _Toc90969368]ArcGIS Solutions 
ArcGIS Solutions (https://www.esri.com/en-us/arcgis/products/arcgis-solutions/overview) are pre-packaged collections and are intended to target specific industries use-cases. These collections are composed of focused maps, apps, and other templates that are designed to support and enhance how various industries manage challenges within their jurisdictions. The content provided within the collections are designed to be entirely configurable without requiring any code development, enabling rapid deployment. Deployment is performed either within ArcGIS Online or with ArcGIS Enterprise and ArcGIS Portal on an organization’s IT infrastructure behind a firewall. The ArcGIS Solutions Deployment Tool (https://localdeployment.maps.arcgis.com/home/item.html?id=8c549054ea5a4073ac4111c21e73d452) is an ArcGIS Pro add-in that can be used to select and deploy an appropriate solution, and then manage the data design once deployed. 
Citizen Problem Reporter 
The solution selected for this project is Citizen Problem Reporter. This is based on Crowdsource Reporter (https://solutions.arcgis.com/local-government/help/crowdsource-reporter/) which is used in several Esri solutions. It is designed for use by state and local government groups such as planning departments, public works, and utilities to collect reports of non-emergency problems from the public. The solution allows these groups to manage the reports and monitor resolutions. Citizen Problem Reporter can be used on any device as it is optimized for web and mobile devices (Esri 2021).
Key components of the solution are represented in Table 2.  The solution also provides additional components that include feature layers, web maps, and Survey123 forms. 
Table 2: Components included with the Citizen Problem Reporter Solution.
	Type
	Item
	Purpose

	Hub site
	Citizen Problem Center

	Web site where the general public and learn how to report a nonemergency problem to help improve the community. The hub site is an important communication channel for organizing around an initiative, providing a centralized access point for the solution components and for communicating information and updates to the public.


	Configurable Web App
	Citizen Problem Reporter

	Application for use by the general public and local government personnel to submit nonemergency problems in the community.


	Configurable Web App
	Citizen Problem Manager

	Application for use by local government personnel to triage submitted problem reports and update status. 


	Dashboard Web App
	Citizen Problem Dashboard

	Dashboard application for use by local government personnel to visually monitor submitted problems.




With this solution deployed, an organization can engage the public for reporting such issues and manage the problem through to completion.
[bookmark: _Toc90969369]Analysis conducted to achieve the project goals/objectives
The holistic approach to public engagement and problem solving with the Citizen Problem Reporter solution led me to believe I could apply the solution to achieve the goals of the project. For this project I focused on adapting the configurable web applications Citizen Problem Reporter and Citizen Problem Manager to the purpose of archaeological problem reporting. 
Citizen Problem Reporter Use Case
A common problem with localities is vandalism within public parks. A citizen sees graffiti on park equipment and wants to report the problem to the City Parks and Recreation department. Using their mobile phone, the citizen finds a link to the Citizen Problem Reporter application on the city’s hub site and logs into the application. The splash screen informs the user how to select an appropriate problem category, select a location on the map, then fill out the form and submit the report. The citizen selects the Blight category and then selects the location of the problem in the park on the map. The citizen fills out the form by selecting the Graffiti problem type, adds description and contact information, and browses to a photograph of the damage they took on their phone to include the image in the report. The citizen then selects the Report It button to submit the report to the city. Notification of the report is received by the Parks and Recreation department manager.  Using the Citizen Problem Manager application, the department manager notifies the authorities and assigns a field crew to clean and repaint the equipment. The department staff use the Citizen Problem Dashboard for visual monitoring and analysis of the prevalence of this type of problem and time to resolve. The problem is included on a public map of all problem reports displayed on the Citizen Problem Center. The field crew finishes painting over the graffiti and updates the status of the problem to show that it is resolved. The citizen who informed the city of the problem can view the status on their device and see when the problem is resolved. 
[image: Graphical user interface, application, Teams
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Figure 10: Use case for the Citizen Problem Solution.
How the Solution Works
The solution provides feature layers and web maps that are functionally related and provide the foundational information consumed by the web apps. Figure 11 shows this relationship between the components. 
[image: Diagram

Description automatically generated]
Figure 11: Depiction of the relationships between the feature layers, web maps, and web apps. 
The primary feature layer is a hosted feature layer (published in ArcGIS Online) that serves as a database for the collection and management of the problem reports. The Citizen Problems feature layer provided with the solution stores point geometries and contains many attributes that support problem reporting and management. Table 3 shows the attributes associated with the CitizenProblem feature layer. This list can be modified, and new fields added to as needed, or a different list can be established from a custom database design. 
Table 3. Attributes of the CitizenProblems feature layer. 
	Field Name
	Alias
	Data Type
	Allow Null
	Domain
	Default Value
	Length

	OBJECTID
	OBJECTID
	Object ID
	FALSE
	
	
	

	probid
	Problem ID
	Text
	TRUE
	
	
	100

	category
	Category
	Text
	TRUE
	ProblemCategory
	
	100

	probtype
	Type of Problem
	Text
	TRUE
	
	
	100

	details
	Details about the problem
	Text
	TRUE
	
	
	1000

	pocfullname
	Full Name
	Text
	TRUE
	
	
	150

	pocfirstname
	First Name
	Text
	TRUE
	
	
	150

	poclastname
	Last Name
	Text
	TRUE
	
	
	150

	pocphone
	Phone Number
	Text
	TRUE
	
	
	12

	pocemail
	Email
	Text
	TRUE
	
	
	100

	locdesc
	Location
	Text
	TRUE
	
	
	255

	publicview
	Visible to the public
	Text
	TRUE
	YesNo
	Yes
	5

	userid
	User Name
	Text
	TRUE
	
	
	150

	numvotes
	Number of Votes
	Long
	TRUE
	
	
	

	status
	Status
	Text
	TRUE
	ProblemStatus
	Submitted
	25

	assignedto
	Assigned To
	Text
	TRUE
	ProblemAssignedTo
	
	50

	resolution
	Resolution
	Text
	TRUE
	
	
	255

	resolutiondt
	Resolved On
	Date
	TRUE
	
	
	

	emailstatus
	Email Status
	Text
	TRUE
	
	
	100

	GlobalID
	GlobalID
	Global ID
	FALSE
	
	
	

	CreationDate
	Submitted On
	Date
	TRUE
	
	
	

	Creator
	Creator
	Text
	TRUE
	
	
	128

	EditDate
	EditDate
	Date
	TRUE
	
	
	

	Editor
	Editor
	Text
	TRUE
	
	
	128

	Shape
	
	Geometry
	TRUE
	
	
	



Two attributes are essential to how problems are reported: category and probtype. The domain associated with category, ProblemCategory, is the domain that contains the coded values for categorization of problem types. The values provided with the Citizen Problems feature layer are relevant to problems such as roads and trash that are within the responsibility of state and local governments to manage. Figure 12 shows the complete list of coded domains included in the Citizen Problem feature layer. 
[image: ]
Figure 12: Coded values of the ProblemCategory domain included in the Citizen Problem hosted feature layer.
Two related tables are included with the primary feature layer, Comments and Surveys. The Comments table is used for collecting comments on reports in the Reporter app, and the Surveys table is used for collecting feedback from the public on the timeliness and quality of the problem resolution. 
Feature layer views are also hosted feature layers, and these are created from the primary feature layer. The feature layer views represent different views of the primary feature layer, and the solution provides one for each problem category in the ProblemCategory domain. The probtype attribute is where the coded values for the domain are established for the types of problems associated with the category. Figure 13 shows an example of these codes from one of the solution’s feature layer views. 
[image: ]
Figure 13: Example of the probtype attribute domain and codes within the RoadProblems feature layer view.
The probtype attribute is used to add a list of coded values that identify types of problems associated with a category. This list cannot be created in ArcGIS Online. The values can be created and edited using  ArcGIS Pro with the ArcGIS Solutions Deployment Tool configuration option. Figure 14 displays the Modify Domains task with domains for the category Road.
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Figure 14: The Modify Domains task in the ArcGIS Deploy Solutions Tool.
A number of attributes are used within the Citizen Problem Reporter app as form fields; this is described in the Configuring the Applications section below. 
Feature layer views inherit many settings from the primary feature layer. Visualization of styles and pop-ups, layer extent, metadata, and field properties are some of the inherited settings that can be changed on the feature layer view. Certain settings cannot be changed on the feature layer view (Esri, 2021): 
· Multiscale optimization for complex geometries
· Enabling the ability to track who creates and edits data
· Value lists and ranges for attribute fields
Some settings are independent of the primary feature layer and include sharing, allowing editing, allowing public data collection, and filters. Tracking updated and distributed features and synchronization settings for offline and distributed workflows are interdependent between the feature layer views and the primary feature layer. 
The view definition must also be set on the feature layer view so that the user can see the new problem category. The view can be defined by filtering the data based one or more expressions, defining a spatial extent, or excluding fields from the view. A filter is used for the solution to expose the category using the expressions “Category is [new category]” and “Visible to the public is yes”.
Web Maps for use within each application are provided with the solution and are created for new feature layer views. The web maps contain a standard basemap, the feature layer or feature layer view, and relate tables Comments and Surveys that are stored with the feature layer or feature layer view. The web maps (and associated feature layers) are organized and shared to an ArcGIS Online group where the Problem Reporter application is directed to access during configuration. A group in ArcGIS Online is used to organize content and control sharing with specific users, an organization, or the public (Esri, n.d.). 
Web Apps provide tools and visualization for user interaction with web maps and data (Esri, 2021). ArcGIS Online enables creation of various app types for different purposes and experiences. Figure 15 shows the menu of options available when creating a new app.    
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Figure 15: Menu of app types available when creating a new app in ArcGIS Online. 
The Citizen Problem Reporter and Citizen Problem Manager web apps provided with the solution are configurable app templates that contain specialized configurable parameters. These parameters are presented on tabs within the app:
· General (Reporter and Manager)
· Select the group where the maps to be consumed are organized and shared
· Add title and subtitle for the application
· Add content for Help and sign-in page dialog
· Theme (Reporter and Manager)
· Choose colors for the header, body, and button text and background
· Add links for logo to display in the app and favicon to display in the web browser and bookmarks
· Options (Reporter and Manager)
· Choose how to display non-editable map layers
· Choose map details that appear when selecting the information icon  next to the problem category item in the app
· Set the zoom level for user and form location
· Activate additional widgets – two are available, show legend and show basemap gallery (also select a basemap group)
· Enable the share dialog box, which provides an application URL 
· Access (Reporter)
· Customize the sign in screen with background image, icon background and foreground colors, text color 
· Enable sign in options - anonymous access, ArcGIS Online login, and ID to store for  authenticated users
· Search (Reporter)
· Enable search locators in addition to the defaults configured within the organization – USNG, MGRS, Latitude/Longitude
· Enable search tool and sources such as the ArcGIS World Geocoding Service
· Form (Reporter)
· Content of the details, attachment, and location sections’ headers and report button and where these are displayed on the form
· Optionally store text form of the report location and restrict where reports can be drawn using a non-editable boundary
· Specify a choice list (CSV) for cascading selects (if using surveys)
· Add a submission message 
· Add autofill field information for logged in users
· Reports (Reporter and Manager)
· Set whether the map or form are shown first in the mobile application
· Set and control the search radius
· Allow editing/deleting of reports and features (only applies with ArcGIS logins)
· Allow users to vote on problem reports
· Sort and order reports
· Collect, store, and display comments 
· Establish and control a reporting period
· Filters (Manager)
· Option to apply filters setup in the map automatically can be set and override the ability to select values for the filters
The apps can be extended using the Service Functions toolbox (Figure 16) that can be downloaded and added to ArcGIS Pro (http://appsforms.esri.com/products/download/index.cfm?fuseaction=download.main&downloadid=2117). The scripts provided in the toolbox include: 
· Enrich reports with additional report location information by calculating values from intersecting or coincident features 
· Generate IDs for tracking records in different workflows
· Moderate Reports for inappropriate or sensitive words and phrases
· Send Emails automatically based on attribute values and a schedule
Organizations can also create custom templates for use when configuring the apps, setting such features as logos and disclaimers to reduce the number of parameters to configure for the user. The Citizen Problem Reporter app is available on GitHub (https://github.com/Esri/crowdsource-reporter). 
Configuring the Applications
Setup Categories
The first step after deployment of the Citizen Problem Reporter Solution was to decide on the list of values for the ProblemCategory domain. I chose to use Artifact and Site for the values. I removed the default values and added the new values to the CitizenProblem hosted feature layer.
Create Feature Layer Views
As described above, each problem category must have an associated feature layer view. Feature layer views are created from the primary feature layer on the overview page using the Create View Layer option.  Once created, the view definition is set to make the category visible, and also to enable visibility to the public. I created new feature layer views for the artifact and site categories. I also added two new fields to the new CitizenProblems_artifacts feature layer view for use in the application form:  
· subcat to contain sub-categories of artifacts (e.g., basket)
· odesc to allow the reporter for optional descriptive location information such as a website URL or a geographic, geomorphic, or geologic feature (e.g., cave).
Set Up Problem Types
The ArcGIS Solutions Deployment Tool add-in for ArcGIS Pro is used to add a new domain and coded values. Figure 16 shows the tool interface where the domain and values are added to the probtype for the ArtifactSightings feature layer view. The domain is the name of the category, and the list of values represents the types of sightings users may report. 
[image: ]
Figure 16: Domains for the Artifact category that were establised using the ArcGIS Solutions Deployment Tool.
Set Up Visualization
The Esri documentation guides the user on establishing new symbol styles for the features based on the status attribute for both the primary feature layer and the feature layer views. The symbology for the features I chose is in Figure 17. Due to a bug that I describe in the Results section later in this document, I had to revert the symbology of feature layer views to show a simple point symbol for the location only and not the distinct symbols shown in Figure 17.
[image: ]
Figure 17: Symbology of the features in the primary feature layer.
Attribute display when selecting a feature in the map or app is customized using the Configure Pop-Up function on the feature layers. This is also used to control the appearance of the form fields in the Citizen Problem Reporter app. The HTML text provided in the Esri documentation for the solution was used along with Arcade (https://developers.arcgis.com/documentation/glossary/arcade/) attribute expressions to produce the display in the feature pop-up and app as shown in Figure 18.
[image: ]
Figure 18: Resulting display using the Esri-provided HTML code for attribute display.
The attributes that are used in the form are set using Configure Attributes when in the pop-up configuration panel. This controls how fields appear in the form, which fields are editable in the form, and which fields should be displayed to the public. For example, the name and email address of a reporter should not be visible to the public.  I set the display and edit options, reordered the fields, and changed alias names according to how I wanted the fields appear in the form.
Expressions can be set on the feature layers to support selection of records by applying a filter. This is particularly useful for managing the reports in the Citizen Problem Manager app. I set expressions for category, status, and type of problem.
Create Web Maps
I created web maps for each of the problem categories, adding the feature layers to the map. I removed the Surveys table as this was beyond the scope of the project. A map was already available for the primary feature layer, which is used in the Citizen Problem Manager app, so I did not need to recreate this map.
Additional data and/or services can be added to the map to support the intended purpose. I initially added the World Heritage service available within the Esri Living Atlas, which serves data related to cultural and natural sites as provided by UNESCO. I also obtained sample data from the archaeology research repository OpenContext (https://opencontext.org/) to include in the maps. The Iraq Heritage Program (2006) project provided site and artifact (object) data that was easily exported from OpenContext to GeoJSON files which were converted to hosted feature layers when uploaded to ArcGIS Online. I added the feature layers to the map and applied styling to uniquely distinguish the site and artifact data.
Organize and Share Content to Groups
The content is initially deployed in groups that are not shared with anyone except the owner who deployed the application. 
· Citizen Problem Reporter
· Citizen Problem Manager
· Citizen Problem Content 
I requested a group that could include members outside the Penn State organization, which was intended to be shared to reviewers of the application. The app, maps, and feature layer views were shared with the group. I created a group for Manager app content as well, but this was internal to the Penn State organization.  
Configure the Web Apps
A number of custom configurations were made to the Citizen Problem Reporter and Citizen Problem Manager to use the maps in the new group, modify the appearance, and inform the user about the app and how to use it. I renamed the Citizen Problem Reporter app to Archaeology Reporter and I renamed the Citizen Problem Manager app to Archaeology Manager. The apps are demonstrated in Figures 19 and 20.
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Figure 19: Key elements of the Archaeology Reporter web app.
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Figure 20: The Archaeology Manager web app interface.
[bookmark: _Toc90969370]Results 
This project focused on configuring the web applications Citizen Problem Reporter and Citizen Problem Manager, with the intent to adapt these components of the solution to suit the purpose of engaging the public for reporting sightings of archaeological artifacts. The resulting Archaeology Reporter and Archaeology Manager apps demonstrate how the core capabilities of these configurable applications can be utilized and adapted to support the objective of archaeological artifact recovery as well as other cultural heritage objectives such as protecting archaeological sites.  The active user community of this solution drives continual improvements as evidenced by the issue activity in the GitHub repository. While most of the custom configurations worked well, some challenges and limitations with the solution were exposed.  
· I encountered a bug where the category and probtype selections were not retained in the feature layer. I located a known issue  (BUG-000131247) in the Esri technical support system that described a work-around that required resetting the symbology of the feature layer views to location only. The configuration documentation guided styling the same symbology for both the primary feature layer and the feature layer views. The work-around is not well documented and I found the instructions to be confusing, but I was able to implement the work-around. 
· Some of the object features in the Iraq Heritage Program objects dataset were recorded at identical coordinates, so I attempted to use the Cluster Points option in the artifact map. This option allows features to be symbolized based on the number of features within a cluster and can be configured so that the user can view attributes for each feature within the cluster. While this works well in the map, it did not function within the web app, and should be considered for a future improvement. It is listed as an open issue (labels: enhancement, high) in the GitHub repository for the solution (https://github.com/Esri/crowdsource-reporter/issues/317). 
Engagement with archaeological professionals was an important part of the strategy for deploying and testing the web applications. Finding reviewers for the application proved to be challenging. I attempted to engage several organizations and was able to have my request for app reviewers posted to a professional listserv. While I was able to engage a former archaeologist for review of the app, I was not able to engage any reviewers actively working in the field of archaeology. I have encountered this problem within my own field and work center. When staff seeks others within the government to voluntarily participate in code peer reviews and in testing new applications response rate is low to none. 
Using the ArcGIS Solution Citizen Problem Reporter demonstrates how this solution can be adapted to serve purposes other than the original intent and accomplish the goals of this project. The focused design, flexible deployment, and highly configurable components can be used to support any organization with an immediate need to engage the public in helping to identify and solve problems. The functionality of these apps supports most of the components needed for crowdsourcing, managing, and visualizing the problems associated with protecting cultural heritage. Custom development of applications takes considerable time to develop and deploy, and specialized skills are required to develop the code. Utilizing a commercial off-the-shelf (COTS) solution such as the Citizen Problem Reporter reduces time to deploy by providing configurable maps and apps that don’t require specialized coding skills and empowers GIS end users as “citizen developers.” 
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