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ABSTRACT 

 Volunteered Geographic Information (VGI) has redefined the practices of geospatial data 

collection and utilization, by promoting collaboration and democratizing access to geographic 

information. However, existing tools present notable limitations regarding accessibility, adaptability, 

and cost, restricting their use in communities and research projects with limited resources. This article 

presents NexusMap, an open-source tool designed for the collection, visualization, and management of 

collaborative geographic information. Its development has addressed key technical and methodological 

challenges, such as the creation of modular and scalable architecture, accessible interfaces for users 

without technical training, and essential functionalities such as data validation and interoperability 

through open geospatial standards. NexusMap is easily adaptable to different types of projects, fostering 

inclusive and flexible participation. The plugin was evaluated through tests conducted with 

undergraduate and postgraduate students, including participants with and without prior GIS experience. 

The results indicate a high level of acceptance: students without technical training gave an average score 

of 4.49 out of 5 across all items, while advanced users rated the plugin with an average of 4.25. However, 

feedback from advanced users highlights priority areas for improvement in future versions. These 

insights suggest that future updates should prioritize these aspects to enhance the tool’s suitability for 

more demanding professional environments. The source code is available at the NexusMap GitHub 

repository: https://github.com/EscalaDigital/nexusmap. 
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DESARROLLO DE UNA HERRAMIENTA DE CÓDIGO ABIERTO PARA CARTOGRAFÍA 

COLABORATIVA: PROCESO, DESAFÍOS Y SOLUCIONES 

 

RESUMEN 

La Información Geográfica Voluntaria (VGI) ha redefinido las prácticas de recopilación y uso 

de datos geoespaciales, promoviendo la colaboración y democratizando el acceso a la información 
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geográfica. Sin embargo, las herramientas existentes presentan notables limitaciones en cuanto a 

accesibilidad, adaptabilidad y costo, lo que restringe su uso en comunidades y proyectos de investigación 

con recursos limitados. En este contexto, este artículo presenta NexusMap, una herramienta de código 

abierto diseñada para optimizar la recopilación, visualización y gestión de información geográfica 

colaborativa. NexusMap permite la participación de usuarios sin formación técnica y es adaptable a los 

requisitos específicos de una amplia variedad de proyectos. Su desarrollo ha abordado retos técnicos y 

metodológicos clave, como la creación de una arquitectura modular y escalable, el diseño de interfaces 

accesibles para usuarios sin formación técnica y la integración de funcionalidades esenciales como la 

validación de datos y la interoperabilidad mediante estándares geoespaciales abiertos. NexusMap se 

adapta con facilidad a distintos tipos de proyectos, promoviendo una participación inclusiva y flexible. 

El plugin fue evaluado mediante pruebas realizadas con estudiantes de grado y posgrado, incluyendo 

participantes con y sin experiencia previa en SIG. Los resultados muestran un alto nivel de aceptación: 

los estudiantes sin formación técnica otorgaron una puntuación media de 4,49 sobre 5 en todos los ítems, 

mientras que los usuarios con experiencia avanzada lo evaluaron con una media de 4,25. No obstante, 

los comentarios de estos últimos señalan líneas prioritarias de mejora para futuras versiones. Estas 

aportaciones sugieren que las próximas actualizaciones deberían centrarse en dichos aspectos para 

mejorar la idoneidad de la herramienta en entornos profesionales más exigentes. El código fuente está 

disponible en el repositorio de GitHub de NexusMap: https://github.com/EscalaDigital/nexusmap. 

 

Palabras clave: Información Geográfica Voluntaria; datos espaciales; SIG de código abierto; cartografía 

colaborativa; plugin de WordPress; interoperabilidad geoespacial 

 

1. Introduction 

Collaborative mapping has emerged as an essential tool for addressing a wide range of global 

and local challenges. Commonly referred to as Volunteered Geographic Information (VGI), this 

approach empowers individuals without specialized technical training to contribute to the creation of 

geographic databases using web-based applications, mobile devices, and digital tools. As early as 2007, 

Goodchild underscored the transformative potential of VGI, emphasizing its role in reshaping the 

generation and utilization of geospatial data while promoting active and democratized participation in 

the production of geographic information (Goodchild 2007). 

The versatility of these tools for data collection has, in many cases, enabled public reporting and 

the addressing of a broad range of social and environmental challenges. OpenStreetMap 

(openstreetmap.org) serves as a prominent example (Antoniou et al. 2017). In emergency management, 

for instance, collaborative mapping facilitates the rapid collection and dissemination of data, as 

demonstrated during the 2010 Haiti earthquake, where volunteers used Ushahidi (ushahidi.com) to map 

affected areas, providing critical information to humanitarian aid organizations (Meier 2015). In public 

reporting, these tools empower citizens to report incidents in real time. This was exemplified by the 

Ushahidi platform, which was employed to map reports of post-election violence in Kenya in 2008, 

marking the beginning of similar initiatives in other countries (Ajao & Wielenga 2017). 

In environmental conservation, collaborative mapping has proven highly valuable for tracking 

ecological issues and monitoring human activities. One notable example is the Water Conflicts Map of 

Andalusia in Southern Spain (rediam-indalo.cica.es/mccaa/), which enables the visualization and 

understanding of challenges related to water management in the region (Pedregal et al. 2020). 

Collaborative mapping also plays a significant role in urban planning. Initiatives such as the "Mapa 

Barcelona + Sostenible" (bcnsostenible.cat) project have allowed citizens to contribute information on 

mobility and sustainability, informing the development of more inclusive and effective urban policies 

(Ajuntament de Barcelona, 2018). In public health, it has been used to track disease outbreaks, as 

demonstrated during the 2014 Ebola outbreak in West Africa, where collaborative maps were created to 

identify cases and coordinate resources efficiently (Lee-Cruz et al. 2021). Despite these advantages, 

collaborative mapping faces multiple technical, institutional, and social challenges that limit its broader 

adoption and integration into official frameworks. Issues such as lack of standardization, interoperability 

difficulties, data quality concerns, and high development costs pose significant barriers. Furthermore, 

https://github.com/EscalaDigital/nexusmap
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sustainability remains a key issue, as many collaborative mapping projects struggle to maintain long-

term engagement and institutional support. 

A clear distinction between PPGIS, VGI, and collaborative mapping is warranted to delimit the 

scope of this study. PPGIS (Public Participatory GIS) establishes the methodological framework for 

channeling citizen input into spatial decision-making (Sieber 2006), whereas VGI (Volunteered 

Geographic Information) denotes geographic data generated spontaneously and altruistically by non-

specialist users (Goodchild 2007). Collaborative mapping emphasizes the shared, real-time construction 

and editing of maps, underscoring the co-creation and validation of geographic content (Elwood 2008). 

This article focuses on solutions for VGI generation within collaborative mapping tools—examining the 

collection, validation, and visualization of volunteered geographic data and offering researchers or 

NGOs simple, functional means to produce thematic information—rather than addressing the full PPGIS 

methodology, which encompasses participatory design phases, qualitative analysis, and institutional 

decision-making. 

This study proposes the development of an open-source tool for collecting, visualizing, and 

sharing volunteered geographic information. The following sections will examine the context and main 

challenges affecting collaborative mapping initiatives, outline the specific objectives of this research, 

and describe the methodology used in the development of the proposed tool. Subsequently, the results 

of the implementation will be presented, along with a case study that demonstrates its applicability in a 

real-world context. Finally, the findings will be analyzed in the discussion, and the study will conclude 

with key insights and perspectives for future research. 

2. Context and Challenges 

Despite its significant potential, collaborative mapping faces considerable challenges stemming 

from various factors. In many cases, custom developments or tools not specifically designed for 

information dissemination are employed, resulting in a lack of standardization in the generated data 

(Geoinnova n.d., Senaratne et al. 2016, Ahmad et al. 2022). This hinders the integration of such data 

with Geographic Information Systems (GIS), directly impacting the utility and scope of collaborative 

mapping projects and limiting their broader adoption in diverse contexts. 

Additionally, several authors have highlighted the difficulty of integrating collaborative data 

into institutional systems that require high levels of standardization, interoperability, and consistency, 

such as Spatial Data Infrastructures (Genovese & Roche 2010, Olteanu-Raimond et al. 2017, Pedregal 

et al. 2015, Schade & Tsinaraki 2016, See et al. 2016, Pedregal et al. 2024, Osorio Arjona et al. 2022). 

These infrastructures, designed to manage geographic information adhering to strict technical standards, 

face significant barriers in incorporating data generated through diverse tools and methodologies 

(Craglia & Annoni 2006), often developed independently and lacking alignment with institutional 

requirements. This creates a gap between the potential of collaborative data and its capacity to be 

integrated into official platforms. 

An further challenge lies in the skepticism regarding the quality of data produced by non-expert 

users. The perception that collaborative data may lack precision or fail to meet established quality 

standards, due to the varying expertise levels of contributors, has led to hesitation among institutions 

that traditionally depend on controlled and verified data sources. While such concerns are not 

unfounded, they often undervalue the potential of collaborative data as a valuable complement to official 

sources (García-Araque 2020, Goodchild & Li 2012, Foody et al. 2013). 

In addition to the challenges mentioned, custom development often requires the engagement of 

specialists in programming, with expertise in cartography or GIS, as well as skills related to design. This 

is compounded by the issue highlighted in the previous paragraph, as those involved in the tool's 

development must ensure that the data formats adhere to existing standards. Furthermore, significant 

investment is required in technological infrastructure to host and maintain the tool. Collectively, these 

factors can result in substantial costs, potentially posing a significant barrier for many research or 

management projects, particularly those with limited resources or funded by non-profit organizations. 

http://www.geo-focus.org/
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Although various software platforms are available, many require costly licenses or offer limited 

customization and scalability. For instance, platforms such as ArcGIS Online or Mapbox necessitate 

significant investments when used beyond their free capacities, making them inaccessible to 

communities with limited resources (Antoniou & Skopeliti 2015). On the other hand, free solutions like 

Google My Maps, while useful, exhibit functional limitations that hinder their adaptation to more 

ambitious projects. Table 1 provides a comparative overview of leading VGI and collaborative mapping 

platforms (highlighting cost, openness, ease of use, self-hosting capability, form customization, and 

installation ease) to illustrate how current tools align (or fall short) with the needs for accessible, 

adaptable solutions. The analysis highlights that many of the available tools are paid or follow premium 

models, and only a few, such as OpenStreetMap, Epicollect5, KoBoToolbox or uMap, offer free access 

with fully or partially limited functionalities. In terms of open-source availability, few solutions 

guarantee it, which restricts customization and technological independence. Notable exceptions include 

OpenStreetMap, Ushahidi, KoBoToolbox and uMap. Ease of use varies significantly: tools like Google 

My Maps or Carto are accessible to users without technical training, whereas others, such as Survey123, 

require specialized knowledge. Self-hosting is only supported by solutions like KoBoToolbox, MapHub 

or uMap. Furthermore, form customization, an essential feature in participatory contexts, is well 

implemented in platforms such as Survey123, KoBoToolbox, and Spotteron, unlike more limited 

options such as Google My Maps or OpenStreetMap. 

This context underscores a critical issue: the lack of flexible and accessible tools, particularly in 

the domain of open-source software, that can be configured and utilized by users without technical 

expertise (Pedregal et al. 2024, Vahidnia & Vahidi 2021). 

Table 1. Comparative Overview of Collaborative Mapping Platforms 

Tool Cost 
Open 

Source 

Ease of 

Use 

Self-

hosting 

Installation 

Ease 

Form 

Customization 

OpenStreetMap Free Yes High Yes Medium Low 

Mapbox Paid No Medium No – Medium 

Carto Paid No High No – High 

Google My Maps Free No High No – Low 

Survey123 (Esri) Paid No Medium No – High 

Felt Paid No High No – Medium 

Ushahidi Paid Yes Medium No – High 

KoBoToolbox Paid Yes High Yes Medium High 

Epicollect5 Free Yes High No – High 

Open User Map Pro Paid No High Yes High High 

MapHub Paid Yes High Yes Medium Medium 

Mapseed Paid No Medium No – High 

Spotteron Paid No Medium No – High 

ArcGIS Online Paid No High No – Medium 

uMap Free Yes High Yes Low Medium 

Source: Authors' own elaboration 
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Compounding these challenges is the risk of platform abandonment, often resulting from a lack 

of sustained interest or the perception that a project has become obsolete. This phenomenon is situated 

within the framework of "liquid modernity" (Bauman 2000), which describes an era characterized by 

rapid change, ephemeral commitments, and challenges in sustaining continuity within collective 

initiatives. In such a context, collaborative projects must navigate the difficulty of maintaining relevance 

in an environment where participants' priorities are prone to frequent shifts. Contributing factors such 

as the absence of institutional support, unresolved technical challenges, and inadequate financial 

resources further intensify the risk of discontinuity and eventual project abandonment. 

A critical aspect in the design of collaborative mapping tools is the identification of the 

minimum requirements necessary to ensure their functionality and utility. Each project presents unique 

needs, and the tool must be sufficiently flexible to adapt to these specific contexts. Key requirements 

include the ability to collect data through dynamic and intuitive forms, the interactive visualization of 

data on maps using libraries such as Leaflet or OpenLayers, and the efficient management of users with 

different roles and permissions (Pedregal et al. 2024). Furthermore, implementing robust validation and 

moderation processes is essential to ensure the quality of contributed data. Interoperability should also 

be prioritized by enabling data export in standard formats such as GeoJSON, GML, or KML, and 

through services like WMS (Web Mapping Services), WMTS (Web Map Tile Service) and WFS (Web 

Feature Service), facilitating their reuse in other systems (Open Geospatial Consortium 2020). 

Additionally, accessibility and ease of use must be emphasized by designing interfaces tailored for users 

without technical expertise, ensuring they can interact with the tool efficiently (Vahidnia & Vahidi 

2021). 

These elements underscore the importance of developing tools that combine accessibility, 

flexibility, and technical robustness to ensure their adoption in a wide range of projects. In this regard, 

the emergence of artificial intelligence (AI) can play a pivotal role in enhancing the quality and 

interoperability of collaborative data, directly addressing some of the challenges mentioned above. As 

noted by Orozco and Díaz-Cuevas (2024), machine learning algorithms can automate the validation of 

data generated by non-expert users, detecting inconsistencies and improving their reliability before 

integrating them into broader systems, such as Spatial Data Infrastructures (SDIs). Moreover, AI can 

facilitate the standardization and harmonization of data from diverse sources, adapting them to formats 

compatible with the technical standards required by institutional platforms. It can also provide tools to 

personalize the end-user experience, simplifying interaction with collaborative mapping tools and 

enabling individuals without technical expertise to actively participate in complex projects. However, 

its implementation presents significant challenges, ranging from the selection of appropriate 

technologies to the design of architectures capable of supporting the tool's growth and continuous 

adaptation. 

This highlights the critical need to develop tools that are more accessible, functional, and 

adaptable (Roche et al. 2013). The lack of standardization, skepticism regarding data quality, high 

development and implementation costs, and long-term sustainability pose significant barriers to the 

adoption of these technologies in diverse projects. A collaborative map must enable participation from 

users without technical expertise, as most users of such tools typically lack advanced technical 

knowledge (Vahidnia & Vahidi 2021). Equally important, however, is that its implementation remains 

straightforward and adaptable to the specific needs of each project. This dual focus, usability and 

flexibility, ensures that the tool not only fosters citizen participation and the democratization of access 

to geographic data but also facilitates its integration into projects with varied technical requirements and 

limited resources. 

Given these challenges, this study proposes the development of an open-source solution 

designed to enhance accessibility, interoperability, and long-term sustainability. The following section 

presents the objectives of this initiative. 
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3. Objectives 

This study aims to contribute to addressing some of the challenges by developing and 

implementing an open-source tool for the collection, visualization, and sharing of volunteered 

geographic information. The tool is designed to be accessible to users without technical training and 

adaptable to collaborative mapping projects of varying nature. To achieve this goal, the solution must 

be generic, adaptable, and flexible, ensuring it reaches the widest possible audience of users who can 

implement it in their research. 

To achieve this objective, the following steps have been undertaken: 

• Identify the minimum requirements and functionalities that a volunteered geographic 

information tool must possess to establish the foundational framework for its development. 

• Adopt a technology that supports modular and scalable architecture, enabling customization to 

meet the specific needs of diverse users and projects. 

• Implement the tool using accessible technologies and design principles, ensuring that 

individuals without programming knowledge can configure and use it effectively. 

4. Methods 

In the first stage (Table 2), the minimum requirements for a VGI tool will be defined. The 

greatest obstacle to the development of collaborative mapping projects by non-expert users is the lack 

of tools that can be tailored to their specific needs. Therefore, it is essential to establish the minimum 

requirements the tool must meet, ensuring they are robust enough to accommodate the widest possible 

range of studies. Additionally, the tool will be open-source software, allowing users to modify the code 

and add custom functions as needed. 

The findings of Pedregal et al. (2024) have been considered. This study thoroughly analysed 43 

collaborative web maps collected online (https://idus.us.es/items/bb1c7e7d-fbd9-4b4f-8864-

103013c453d8). Moreover, the requirements proposed by Orozco and Díaz-Cuevas (2024) have also 

been incorporated to ensure the comprehensiveness and adaptability of the tool. 

Once the theoretical requirements for such a tool have been established, it becomes necessary 

to select the appropriate technology to enable its development (Stage 2). This involves choosing the 

programming language, evaluating the potential integration of GIS or other systems to enhance usability, 

and selecting frameworks, libraries, or other technical tools that ensure a practical, functional outcome 

aligned with the defined needs. Moreover, the benefits and capabilities of the selected technology will 

be thoroughly analysed and compared with other available options to ensure the most suitable choice 

for achieving the project objectives. 

Based on the selected technology, Stage 3 will focus on designing a software architecture that 

ensures the long-term implementation and maintenance of the developed code. Developing software 

without a well-defined architecture can lead to disorganized code that is difficult to maintain and scale. 

Inadequate architecture increases the likelihood of performance issues, bugs, and challenges in 

implementing new features. For the tool being developed, such shortcomings could severely 

compromise its sustainability and long-term evolution. A robust architecture is therefore essential to 

support the tool's functionality, adaptability, and future enhancements. 

In stage 4, the construction of the tool will be undertaken. During this stage, the development 

process will be addressed, highlighting the challenges encountered and the solutions implemented. 

Emphasis will be placed on usability, ensuring that the interface is intuitive for non-technical users. 

Responsive design elements will be integrated, and performance will be optimized to ensure a seamless 

experience across various devices and platforms. 

Finally, in Stage 5, a testing and evaluation process will be conducted on the developed software 

to ensure it functions correctly, is secure, and meets the established objectives. Each of these phases will 

now be discussed in greater detail. 
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Table 2. Methodological Stages 
 

Stages and Objectives 
 

Main Activities 
 

Expected Outcomes 
 

Stage 1: Defining Minimum 

Requirements  

(Establish functional and open-

source conditions) 

- Identify key needs  

- Review similar tools 

- Establish minimum requirements 

List of requirements 

Stage 2. Selecting Technology  

(Choose appropriate programming 

language, frameworks, and/or 

components) 

- Evaluate technological options  

- Compare performance, support, 

and adaptability  

- Select the most suitable 

alternative 

Technological framework 

Stage 3. Designing Architecture  

(Organise software for maintenance 

and future improvements) 

- Define development model 

(presentation, logic, data) 

- Establish coding patterns and 

standards 

Coherent and maintainable 

architecture 

Stage 4. Build the Tool  

(Develop functionalities, interface, 

and optimize performance) 

- Program key modules 

- Design an intuitive interface  

- Optimize code for performance 
Functional tool 

Stage 5. Testing and Assessment 

(Verify functionality, security, and 

objectives) 

- Conduct unit and user testing  

- Resolve identified issues 
Reliable and validated final 

product 

Source: Authors' own elaboration 

 

4.1. Defining Minimum Requirements 

Based on the study conducted by Pedregal et al. (Pedregal et al. 2024), which analysed 43 

collaborative web mapping tools, and the subsequent work by Orozco and Díaz-Cuevas (2024), which 

compiled a set of requirements derived from the initial study, a range of functionalities has been 

identified. This enables a tool to effectively address most use cases requiring collaborative cartography 

solutions. Among the most prominent functionalities are data collection, data visualization, user 

management, validation and moderation, interoperability, and customization. 

Regarding data collection, the data entry form must be clear and user-friendly to ensure that the 

end user can input values without difficulty. In this work the development of a tool must enable the 

dynamic creation of such forms, which will involve designing a form creation tool and a system for 

managing the data entered it. 

In terms of data visualization, shared data should be represented through interactive maps 

utilizing cartographic libraries such as Leaflet or OpenLayers, or through integrations with open API 

services like Google Maps. This approach ensures a visual representation that facilitates the 

dissemination, analysis, and decision-making processes based on the user-generated data. 

With respect to user management, the tool should include an efficient user management system 

that allows for the establishment of different access levels and permissions. This ensures that only 

authorized users can add, edit, or manage the contributed information. 

For validation and moderation, it is essential to implement processes that ensure the quality and 

accuracy of user-contributed data (Geoinnova n.d., Sánchez et al. 2012). These processes may include 

manual reviews or automated systems capable of assessing the feasibility and reliability of the data prior 

to publication. 

http://www.geo-focus.org/
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Interoperability is another critical aspect, as the ability to export data in standard formats such 

as GeoJSON (GeoJSON n.d.) greatly enhances the tool’s utility. This feature enables seamless 

integration with other systems and applications, thereby improving the efficiency and effectiveness of 

information management. 

Customisation is also a valuable feature, allowing users to adapt the tool to their specific 

requirements. This may involve enabling the modification of visual styles, adding custom base maps or 

overlay layers, and integrating advanced functionalities such as address-based search. Additionally, the 

tool should support user-defined layers, further enhancing its flexibility and scalability to address 

diverse project contexts and needs. 

4.2. Selecting technologies 

During the analysis phase, various alternatives for developing the final tool were evaluated. One 

initial option was to develop the tool from scratch; however, this approach presented several drawbacks. 

Among these, a significantly longer development time was identified due to the need to create a 

complete code base and design the tool in its entirety (Sommerville 2016, Cantú-Mata et al. 2018). 

Moreover, this approach would require a higher level of technical knowledge from the end user. Since 

the tool would be designed to operate on a server, users would need to manage its deployment, including 

connecting the backend to a custom database. Although part of the process could be simplified through 

a form allowing users to input data such as username, password, and database name, the user would still 

face the task of creating and configuring the database, thereby adding a significant level of complexity. 

For these reasons, the use of an external API, such as those provided by online map service 

providers, was considered. This alternative offered certain advantages, such as automating parts of the 

system through the provider's infrastructure, which could simplify management for the user. However, 

significant limitations were also identified, including the need to obtain and configure an access key 

(API Key), a process that may prove challenging for some users. Additionally, external APIs are often 

subject to free usage limits, potentially resulting in additional costs when these limits are exceeded. 

These restrictions ultimately led to this alternative being dismissed. 

During the analysis, GIS platforms were also considered as a foundation for development; 

however, their complexity and the requirement to ensure online data access rendered them less suitable 

for the intended purpose. Ultimately, the decision was made to create a plugin for WordPress, an open-

source content management system (CMS) initially launched in 2003 and widely adopted for its 

exceptional flexibility, scalability, and user-friendliness. This platform, supported by an active 

community of developers and contributors, simplifies the creation and management of websites through 

an intuitive interface and a robust ecosystem of themes and plugins. Furthermore, its compatibility with 

most servers and hosting environments provides a versatile solution for projects of varying scale and 

scope. 

According to W3Techs, WordPress is used by 43.5% of all websites on the Internet (Kinsta, 

n.d.), which corresponds to approximately 861million websites out of an estimated total of 1.98 billion. 

This widespread popularity and accessibility make WordPress an appropriate choice, providing users 

with a universal platform that offers quick and easy access to the necessary tools without requiring 

advanced technical knowledge. However, basic knowledge of WordPress installation and management 

will still be necessary. This requirement, while seemingly at odds with the goal of simplifying the 

creation of collaborative maps for users, is not entirely so. A minimum level of technical understanding 

is inevitable, but by leveraging WordPress, users gain access to a system that is highly documented and 

supported by numerous resources. Moreover, many web servers offer automated installers, further 

reducing the technical complexity for users and making the system more accessible overall. 

Within the broader WordPress landscape, where the official plugin repository features several 

mapping and form builders, tools like WP Google Maps, Leaflet Map, and various Gravity Forms add-

ons deliver geospatial visualization and data entry with varying levels of functionality. However, many 

of these options require paid upgrades for many of the aforementioned features, lack true 

interoperability, or impose manual adjustments that can be overwhelming for non-technical users. 

NexusMap addresses this niche by combining point-based Volunteered Geographic Information 
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collection, on-the-fly GeoJSON output, and a minimal-configuration front-end, all under an open-source 

license. At the same time, building on WordPress brings its own responsibilities: continuous testing 

against core and theme updates, strict adherence to security best practices for plugin development, and 

periodic maintenance to guard against compatibility issues and vulnerabilities (WordPress Foundation, 

n.d.). 

4.3. Designing and Implementing the Plugin 

The design of the plugin focused on ensuring scalability, ease of use, and compatibility with a 

standard WordPress installation. Additionally, future updates were considered, requiring a development 

approach oriented towards long-term adaptability. It is essential to create a software design that is 

maintainable, well-structured, and thoroughly documented, ensuring the sustainability of the application 

over time. 

4.3.1. Plugin Structure 

WordPress follows a structure similar to the Model-View-Controller (MVC) pattern (Gamma 

et al. 1994), which has proven to be a robust framework for separating business logic, user interface, 

and interaction control. This approach not only simplifies software management and scalability but has 

also been widely adopted across various domains (Necula 2024). This structure is particularly relevant 

for collaborative mapping tools, where managing large volumes of data while maintaining an intuitive 

interface is critical. However, the MVC pattern is not strictly applied in WordPress. While influenced 

by this schema, WordPress adopts its own unique approach (Blanco n.d.). It features a modular and 

extensible architecture that enables the addition of functionalities through a hook-based structure 

(actions and filters). These hooks serve as access points, allowing developers to integrate their plugins 

with the core system seamlessly (Kinsta n.d.). 

The structure developed for the NexusMap plugin was designed following the best practices 

recommended by the WordPress community. A clear separation was implemented between the code 

intended for the admin panel and the visible on the front-end. This division is reflected in two main 

directories: admin and public (Figure 1). This approach allows for independent management of the 

plugin's internal functionalities, such as settings and data handling, and those that directly interact with 

end users on the website. Such delineation facilitates the development of new features while preventing 

interference between the administrative and public-facing areas. 

 

 
Figure 1. Main Structure of the Plugin 

Source: Authors' own elaboration 
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An additional folder named includes was established to store the general classes and components 

required for the plugin's functionality. Within this folder, a specific subdirectory named models was 

created to organize the data models, following the Model-View-Controller (MVC) design pattern. This 

approach enhances code organization and facilitates future scalability by enabling the distinct layers 

(data, logic, and presentation) to operate independently while maintaining coordination. This separation 

ensures cleaner code management, simplifies debugging, and supports the integration of new features. 

The management of static resources was structured to prevent conflicts between the backend 

and front-end. CSS, JavaScript, and image files were organized into dedicated directories within the 

admin and public folders. Views, on the other hand, were grouped in a separate directory named views, 

providing a centralized location for visual elements. This organizational scheme simplifies both 

maintenance and the identification of resources required for each section, ensuring a clear separation of 

concerns and improving overall efficiency in development and debugging processes. 

Regarding naming conventions, a system was adopted that adheres to the standards established 

by WordPress (WordPress Foundation n.d.). PHP classes within the plugin were named using the prefix 

class-nm-, where nm represents the plugin name (NexusMap). This prefix ensures the uniqueness and 

clear identification of the classes, minimizing the risk of conflicts with other plugins. This approach 

enhances code clarity, making it easier to read and understand. 

The main plugin file, nexusmap.php, was placed at the root of the project and defined as the entry 

point. This file contains the plugin's basic information, initializes key dependencies, and establishes the 

general system structure. This arrangement aligns with WordPress's recommended practices, ensuring 

that the plugin is modular, adaptable to future requirements, and scalable for use in various 

environments. 

4.3.2. Database 

WordPress provides the $wpdb class, which enables the creation of objects to interact with the 

database securely and efficiently (database model). This class allows access to WordPress's standard 

database structure and supports the creation and management of custom tables specific to the plugin 

under development. 

One of the advantages of using WordPress for developing a collaborative mapping plugin is its 

built-in user management system. This includes functionality for user registration, login, password 

encryption, and more. By leveraging this system, development time is significantly reduced, allowing 

the focus to shift toward creating the plugin's unique features. Another useful feature of WordPress is 

the wp_options table, which can store various configuration elements for both the WordPress system 

and its installed plugins. In this case, this table is utilized to store settings related to tool selection by the 

site administrator. Specifically, it saves configurations for elements displayed on the map, such as 

functional buttons (e.g., data download, search, or layer addition) and information about selected layers. 

This includes both base layers and overlays chosen by the administrator for display on the map. This 

integration simplifies configuration management while maintaining flexibility for customization. 

Within the plugin's structure, two custom tables are required. The first table will store the structure 

of the form designed by the site administrator, while the second table will record the data submitted by 

users. The latter will not only include the data collected from the form but also additional information 

such as the user who submitted the data, the status of the submission (approved or rejected), the upload 

date, and the specific form associated with the submission. This allows for flexibility in handling either 

a single form or a conditional setup involving two distinct forms. These tables are created within the 

WordPress system upon activation of the plugin, using the NM_Activator class (Figure 2), which, in 

turn, invokes the implemented model. This ensures that the database structure is established dynamically 

and in alignment with the plugin's requirements. 
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Figure 2. Creation of the Tables Required for Plugin Operation 

Source: Authors' own elaboration 

 

4.3.3. Development of Functionalities 

The plugin must address all the fundamental requirements for a collaborative mapping tool as 

outlined in Section 4.1 of this article. To achieve this, this section breaks down the core functionalities 

and the technical implementations designed to meet the stated objectives. 

Figure 3 illustrates the operational dynamics of the plugin, with a focus on cartography. The 

theoretical core of the system is cartography, which serves as the bridge between back-end processes 

and front-end interactions. A cartographic system has been implemented using Leaflet JavaScript library 

as its foundation. This system enables the integration of dynamic geospatial data and allows users to 

interact directly with the map. 

By using Leaflet, the plugin supports key functionalities such as displaying user-submitted data, 

overlaying layers, and providing interactive tools like zoom, search, and custom markers. This approach 

ensures a seamless and intuitive experience, while maintaining flexibility for further customization and 

expansion. 

Among the core functionalities established for the plugin and directly linked to cartography are 

data download, address search, and the ability to add layers, temporarily by users and permanently by 

the administrator. 

To manage the data-download feature, a functionality has been developed that allows the 

administrator to enable or disable this option as needed. When activated, a button is displayed on the 

map interface. Upon clicking the button, a GeoJSON file is generated based on the data approved by the 

administrator and stored in the database. This functionality enhances the reusability of the generated 

information, allowing it to be integrated into other tools, such as Geographic Information Systems (GIS). 

This feature ensures that the plugin not only facilitates dynamic data interaction but also supports 

interoperability with external platforms, further extending its application and utility. 
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Figure 3. Operational Structure of NexusMap 

Source: Authors' own elaboration 

 

The implementation of this functionality required designing a data structure that ensured both the 

flexibility and reliability of the system. To achieve this, an independent JSON file was created for each 

form submitted. This JSON file is invoked when rendering the form on the front-end, allowing the 

system to dynamically construct its structure. 

When a user completes the form, the submitted information is stored as a JSON object (serialized 

by PHP with the serialize function) in the entries table. This approach provides several advantages: 

flexibility (the system can handle diverse form structures without requiring schema modifications in the 

database); efficiency (storing the data as JSON allows for compact storage and easy retrieval) and 

scalability (the dynamic nature of the structure supports the addition of new forms and fields without 

disrupting existing functionality). This method ensures that the system remains adaptable to different 

project requirements while maintaining robust data integrity. 

The function that generates the GeoJSON file for download processes each JSON object stored in 

the entries table, adapting them to a standard format recognized by the OGC (Open Geospatial 

Consortium, 2020). To meet the minimum requirements of the GeoJSON standard, the file must include 

a basic structure specifying the following: object Type (the type of GeoJSON object, such as 

FeatureCollection or Feature); geometry (the spatial representation of the data. Currently, this is limited 

to Point geometry, but the system has been designed to accommodate additional types in the future, 

including LineString, Polygon, MultiPoint, MultiLineString, and MultiPolygon) and properties (the 

attributes associated with each object, which provide descriptive information about the spatial data). 

This implementation ensures compliance with the GeoJSON specification while maintaining 

flexibility to expand functionality as needed. The GeoJSON file enables seamless integration with other 

geospatial tools and platforms, ensuring interoperability and enhancing the utility of the plugin. 

For the address search and zoom functionality, the Leaflet Control Geocoder library (Liedman, 

n.d.) was utilized. This library enables the integration of a search field on the map, allowing users to 

input an address and, upon locating the result, automatically zoom to the specified location. 

Additionally, a feature has been implemented to give administrators the ability to enable or disable this 

functionality as desired. This flexibility ensures that the search and zoom capabilities can be tailored to 

the specific needs of each project, enhancing usability without imposing unnecessary features. 

For the layer incorporation functionality, it is necessary to distinguish between the administrator 

and the end user. The end user has access to a panel that allows them to add WMS (Web Map Service) 

layers of their choice to the map. This feature has been implemented using a simple function that adds 

the WMS layer to an array, which is then read and rendered by Leaflet. Regarding the administrator's 
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options, both base layers and overlays added to the map are stored in WordPress's options table, ensuring 

data persistence and accessibility. Additionally, a fallback function has been implemented to load 

OpenStreetMap as the base map if the system does not detect any layers defined by the administrator. 

The administrator also has access to features for creating forms and validating submissions. For 

form creation, a comprehensive management system has been developed using a Drag & Drop interface, 

providing intuitive and visual experience for structuring content. Administrators can add a variety of 

fields, including titles, text fields, checkboxes, radio buttons, dropdown menus, as well as more 

advanced fields like file uploads and date selectors. Additionally, fields can be reordered by dragging 

the elements, offering greater flexibility in form design. Since the plugin is designed for collaborative 

mapping, map functionality is implemented by default, making it mandatory to include geographic data 

in all forms. 

As an additional feature, the plugin supports the creation of A/B forms, or conditional forms, based 

on the selection of the end-user type. This allows the administrator to offer two different form options 

tailored to specific user categories, enhancing the flexibility and adaptability of the system. 

Finally, a validation functionality has been implemented to manage the forms submitted by users. 

Upon form submission, the system utilizes WordPress's native wp_mail() function, which is part of its 

core. This function simplifies email delivery by leveraging the hosting server's configuration, 

eliminating the need for complex adjustments, to notify the administrator via email. 

The administrator, through the plugin's control panel, can review the submitted data, evaluate it, 

and either approve or reject it as appropriate. This functionality was developed to meet the validation 

and moderation requirements outlined in the initial objectives of this section. 

4. 4. Testing and Evaluation 

To ensure the quality, stability, and proper functioning of the NexusMap plugin, an exhaustive set 

of tests and evaluations was designed and executed, focusing on both functional aspects and system 

usability. These tests were conducted at various stages of development to identify potential errors or 

inconsistencies in the plugin's behaviour and to ensure that its functionalities met the established 

requirements effectively. 

4.4.1. Functional testing 

Functional testing was conducted to ensure that all plugin features operated correctly across various 

environments and configurations. These tests included the following aspects: 

First, compatibility with different WordPress versions was verified. The plugin's performance was 

tested on multiple WordPress versions, ensuring its functionality on both recent and older releases. 

Additionally, the plugin was evaluated across various browsers and devices, including Chrome, Firefox, 

Safari, and Edge, as well as mobile phones and tablets. The results confirmed a responsive front-end 

design, which works seamlessly across all screen sizes, while the administrator interface was specifically 

optimized for desktop use due to its complexity. 

Key functionalities, such as form creation and management, map visualization and interaction, data 

download, and communication with the database, were thoroughly tested. Integration with other plugins 

and themes was also examined to ensure that NexusMap did not cause conflicts with commonly used 

WordPress plugins. Although it is impractical to test compatibility with all existing plugins, some issues 

were observed with caching plugins, which delayed updates made by the administrator, particularly for 

data stored in the wp_options table. As it is generally inadvisable to disable caching functionality, and 

to avoid conflicts with other plugins, a notification system was implemented to inform users about the 

potential delays caused by these plugins. 
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4.4.2. Usability testing 

Although usability testing was conducted internally by the developer, objective methodologies 

were employed to evaluate the user experience effectively. 

The interface was assessed using a heuristic analysis based on recognized usability principles, such 

as consistency, immediate feedback, and reducing cognitive load for users. Simulations of various usage 

scenarios were also conducted to replicate typical workflows and interactions with the plugin, 

identifying potential areas of confusion or features that could be improved. 

Navigation optimization was a key focus, with adjustments made to the organization of menus and 

options to facilitate access to frequently used features and reduce the time required to complete common 

tasks. Additionally, the graphical interface was refined to ensure that visual elements were intuitive and 

that information was presented clearly and concisely. 

These tests highlighted several areas for improvement in the interface and overall interaction with 

the plugin, resulting in a smoother and more satisfying user experience. 

5. Results 

The NexusMap plugin is available for download from its official GitHub repository 

(https://github.com/EscalaDigital/nexusmap). The main outcomes of its development are presented by 

functional area. The section first introduces the core modules (Form Builder, entry management, map 

configuration, and layer control) along with their design principles. It then explains how maps and forms 

can be embedded using shortcodes. Finally, it summarizes the findings of a structured usability 

evaluation conducted with undergraduate and graduate students, highlighting the plugin’s performance, 

ease of learning, and areas identified for future improvement. Once installed and activated, the 

NexusMap plugin is accessible through the sidebar menu in the WordPress admin panel. From this 

menu, users can navigate to several main sections, each dedicated to a specific aspect of the plugin's 

configuration and usage. 

Form Builder: The main section of the plugin, Form Builder, allows users to create and customize 

forms by dragging and dropping elements. This tool includes a left-hand panel containing a list of 

draggable fields. Among the basic fields available (Figure 4) are titles, text fields, text areas, checkboxes, 

radio buttons (radio groups), dropdown menus, file uploads, numeric fields, date selectors, and URL 

fields. Additionally, each field added to the construction area can be customized, including its label, 

name, and specific options, depending on the field type. The section also includes functionality for 

removing fields, ensuring flexibility and ease of use during form design. 

The Form Builder also provides the option to enable A/B testing through a specific checkbox. Users 

can define custom names for the A and B options and save them using a corresponding button, which 

activates the functionality to create two distinct forms. This feature allows administrators to design 

conditional workflows tailored to different user groups or scenarios. 
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Figure 4. Custom Form Creation Interface Using Drag-and-Drop 

Source: Authors' own elaboration 

 

Entries (Record Management): The Entries section provides a tabular view of all submissions 

made through the forms created with NexusMap. The table includes columns displaying the following 

information: Record ID (a unique identifier for each submission); Submission Date (the date and time 

the entry was submitted); Status (indicates whether the entry is pending, approved, or rejected); 

Available Actions (includes options to view details and Approve or Reject Entries). 

This section provides an organized and efficient way to manage user-submitted data, ensuring that 

the information displayed on the map meets the desired quality standards. 

Map Settings: In this section (Figure 5), users can configure general map options, such as enabling 

or disabling data download in GeoJSON format, activating the search functionality within the map, and 

allowing the addition of custom WMS layers. Additionally, users can adjust the default map 

visualization settings and configure interaction options to enhance the user experience. 

Layers Management: This section is divided into two main subsections: Base Layers and Overlay 

Layers (Figure 5). 

For Base Layers, users can add new layers by providing a name, the URL of the tile layer, and the 

corresponding attribution. Existing base layers can also be managed in this subsection, with the option 

to delete them if necessary. For Overlay Layers, the form allows users to specify the layer name, type 

(GeoJSON or WMS), URL, and, in the case of WMS layers, the specific layer name. Like base layers, 

existing overlay layers can be managed directly within this subsection, offering options for modification 

or removal. 
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Figure 5. NexusMap Plugin Management and Configuration Interfaces 

Source: Authors' own elaboration 

 

To utilize the elements created within the website’s front-end, the plugin also allows the insertion 

of maps and forms directly into pages or posts using shortcodes. In WordPress, a shortcode is a snippet 

of code enclosed in square brackets that enables the inclusion of dynamic content or functionality 

without requiring programming knowledge. 

To insert a map (Figure 6), the following shortcode can be used: 

[nm_map lat="0" lng="0" zoom="2" width="100 %" height="400px"] 

This shortcode embeds an interactive map into the specified page or post, allowing the 

configuration of latitude (lat), longitude (lng), zoom level (zoom), and map dimensions (width and 

height). To insert a form, the following shortcode is used: 

[nm_form] 

This shortcode embeds the form created in the Form Builder, enabling user information to be 

collected directly from the website. The form is displayed only if the user is logged in; otherwise, a 

notification is shown prompting them to log in. This approach ensures that the data submitted is linked 

to a specific user, maintaining accountability and data integrity. 

 

Figure 6. Example Cartographic Representation with NexusMap 
Source: Authors' own elaboration 
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In order to assess the usability and effectiveness of the developed plugin, a series of sessions were 

conducted in two courses at the University of Seville during the first and second terms of the 2024/25 

academic year, coinciding with the final stages of the plugin's development. After the completion of 

these sessions, several surveys were carried out, including both qualitative and quantitative questions. 

The purpose of these questions was to evaluate students' perceptions regarding various aspects of the 

plugin, such as ease of use, learning curve, the value of its functionalities, and its limitations. 

The evaluation was carried out in two different courses: 

• Territorial Information Technology Applied to Destinations, a fourth-year course in the Tourism 

Degree at the University of Seville, with 15 enrolled students, none of whom had prior experience with 

Geographic Information Systems (GIS). Collaborative mapping is used to tourism planning and 

management, enabling real-time geospatial data collection and infrastructure optimization. Since 

students have no prior experience with GIS, the plugin will provide an intuitive introduction to 

geospatial tools. 

• Development Cooperation: Financing, Actors, and Internationalization, a (Master’s in 

Territorial Management) course, with 10 enrolled students who had more extensive experience in the 

use of GIS. Collaborative mapping is crucial for project planning and evaluation in development 

cooperation, particularly in regions with limited access to official geographic data. Students with more 

GIS experience assessed the plugin’s interoperability and applicability in development contexts. 

In the undergraduate course, students were introduced to the principles of collaborative mapping, 

as well as the use and installation of WordPress. Subsequently, they used NexusMap to create and share 

spatial information. The plugin was compared with other commonly used platforms for collaborative 

mapping, such as Google My Maps and Ushahidi. 

In the master’s course, in addition to providing the basic knowledge required to manage WordPress, 

the focus was on using NexusMap for studies related to development cooperation projects, evaluating 

its potential to visualize and analyze spatial data. 

A survey was conducted among the students. The questions were answered using a 5-point Likert 

scale (1 = Strongly disagree, 5 = Strongly agree). The survey results are presented in Table 3. 

The analysis of the responses reveals differences in the perception of NexusMap depending on the 

level of prior experience with cartographic tools. 

In general, students without GIS experience rated the tool more positively, highlighting its ease of 

use and integration with WordPress. In contrast, students with prior GIS knowledge were more critical 

of certain aspects, such as user-friendliness compared to more advanced tools and efficiency in team-

based tasks. 

Students without prior experience found NexusMap to be an accessible and useful tool for their 

projects, with a reasonable learning curve. The intuitive interface and the flexibility to customize forms 

were especially appreciated. However, some mentioned that the documentation could be more detailed 

to facilitate initial understanding. On the other hand, students with GIS experience indicated that, while 

NexusMap is a functional tool, in some respects it was too basic compared to more advanced solutions 

such as QGIS or ArcGIS. The lower score regarding teamwork capabilities suggests that improvements 

should be implemented, including adding of features that enable better collaboration. 
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Table 3. Survey Results 

Statement 

Average (no GIS 

experience) 

n 10 

Average (GIS 

experience) 

n 15 

The installation and configuration of NexusMap were 

straightforward and free of technical difficulties. 

4.5 4.1 

The NexusMap interface is clear and intuitive for creating 

and editing collaborative maps. 

4.6 4.4 

exusMap facilitates the integration of spatial data into 

research projects. 

4.7 4.5 

Compared to Google My Maps and Ushahidi, NexusMap 

offers greater flexibility for customizing forms. 

4.5 4.3 

I believe that NexusMap allows for better data 

management in collaborative projects compared to other 

tools. 

4.3 4.1 

Integration with WordPress facilitates the online 

publication of the created maps. 

4.8 4.6 

The data export capabilities of NexusMap are useful and 

compatible with other GIS platforms. 

4.4 4.2 

The available documentation was sufficient to learn how 

to use the tool without difficulty. 

4.2 4.0 

I found NexusMap to be more user-friendly compared to 

more traditional GIS tools. 

4.0 3.5 

I believe that NexusMap has the potential to be used in 

contexts of research, cooperation, territorial planning, 

and/or tourism. 

4.9 4.7 

I would recommend NexusMap for collaborative 

mapping projects. 

4.7 4.5 

I would like to continue using NexusMap in the future for 

managing collaborative mapping projects. 

4.8 4.6 

The use of NexusMap is efficient for teamwork. 4.0 3.8 

Source: own elaboration.  

 

In addition, three open-ended questions were included to gather qualitative feedback: 

1. What were the main challenges or difficulties you faced when using NexusMap compared to 

other tools? 

2. What features or improvements would you add to NexusMap to optimize its use in collaborative 

projects? 

3. In what types of projects or applications do you think NexusMap could be utilized? 
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Students without GIS experience mentioned that the main difficulty was becoming familiar with 

the WordPress system, while students with experience highlighted that improving interoperability with 

other GIS tools, for instance, by allowing the creation of WMS or WFS services, is a key area for 

improvement. Additionally, the following enhancements were suggested: 

• Greater compatibility with advanced GIS tools: Improved integration with QGIS and ArcGIS, 

enabling greater data interoperability. 

• Statistics capabilities: Adding features that allow users to select fields for displaying data 

summary statistics. 

• Search filters: Students appreciated the ability to search for locations on the map but emphasized 

the need for data-based filtering options. 

• Performance optimization: Reduction of loading times and improved management of layers with 

large volumes of data. 

In addition to all the previous proposals, students suggested several specific potentials uses for 

NexusMap in urban planning, sustainable tourism, environmental monitoring, and development 

cooperation. Its utility was also identified for collecting spatial data in academic research and managing 

participatory projects at the local level. 

6. Discussion 

This study represents a significant advancement in identifying the scientific and technical 

requirements that collaborative mapping tools must meet to be effective across diverse application 

contexts. It highlights the importance of developing a solution that not only facilitates data collection 

but also provides an accessible, adaptable, and scalable environment for projects of varying scope and 

specific functionalities.  

The modular and flexible architecture of NexusMap, built on WordPress, constitutes a substantial 

contribution in this regard. WordPress, used by more than 40% of websites worldwide (Kinsta n.d.), 

offers an accessible framework for both users and developers, enabling the integration of advanced 

functionalities such as interactive map visualization and geospatial data management. These features are 

fundamental for Volunteered Geographic Information (VGI) projects (Goodchild 2007). Furthermore, 

using WordPress as a foundation introduced additional challenges because its structure does not strictly 

follow Model-View-Controller patterns, requiring creative solutions to ensure efficient integration. This 

approach reinforces the claims of Brovelli et al. (2016), who emphasized the need for flexible and open 

VGI tools to maximize their impact in various contexts. 

The emphasis on open-source software strengthens the project's sustainability, aligning with 

previous studies that highlight how open-source tools foster long-term collaboration and innovation 

(Fressoli & Smith 2024, Sun et al. 2024). In addition, the user and developer communities have the 

potential to contribute to the plugin's improvement and expansion, ensuring its relevance in response to 

evolving geospatial challenges. NexusMap has also moved beyond the development phase and is 

currently in active use in real-world settings, under the authors supervision. Specifically, the plugin 

forms a central component of the first author’s doctoral dissertation and is being applied in several 

competitive research projects. Its implementation in real contexts provides continuous feedback on 

usability, performance, and desired improvements, which is systematically integrated into a structured 

maintenance roadmap. At the same time, this hands-on approach drives the gradual introduction of new 

functionalities, ensuring that the plugin evolves in alignment with user needs and technological 

advancements. 

The development of NexusMap required overcoming challenges related to the implementation of 

key functionalities, including the integration of dynamic maps using the Leaflet.js library and data 

management through GeoJSON. These features have proven critical for collaborative mapping projects, 

where interoperability and ease of use are essential (Pedregal et al. 2024; Open Geospatial Consortium, 

2020).  
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Despite the progress made, there remain clear opportunities for improvement and expansion that 

could significantly enhance NexusMap’s utility and adaptability across a broader range of application 

contexts. In particular: 

• Support for multiple geometry types: Beyond points, the ability to draw and store LineString 

and Polygon geometries (and their multi-variants) would unlock advanced use cases, such as 

delineating walking or cycling routes, defining service-area boundaries, or mapping land-use 

parcels, crucial for urban planning, infrastructure management, and environmental monitoring 

(Brovelli et al. 2016). 

• Advanced filtering and descriptive statistics: Implementing attribute- and date-based filters, 

combined with on-the-fly statistical summaries (e.g. frequency counts, histograms, heatmaps), 

would empower users to explore patterns in the volunteered data directly within the interface, 

reducing reliance on external GIS tools (Heipke 2010). 

• Automated analysis using artificial intelligence: Integrating machine-learning models could 

provide real-time quality control (detecting topological or semantic anomalies), sentiment 

analysis of user comments, and spatial clustering to highlight emerging hotspots of activity or 

concern. 

• Collaborative validation and communication: Introducing voting mechanisms, threaded 

comments on existing geometries, and real-time notifications would foster collective review, 

increase data credibility, and encourage sustained engagement, features common in 

Participatory GIS (Foody et al. 2013). 

• Dynamic OGC service generation: Allowing validated datasets to be published as on-demand 

WMS/WFS layers would simplify downstream integration into desktop GIS and institutional 

platforms, promoting interoperability (Open Geospatial Consortium, 2020). 

• Internationalization and localization: Leveraging WordPress’s native translation API to enable 

multilingual interfaces and localized content would broaden NexusMap’s accessibility for a 

global user base. 

• Community support and extensibility: Establishing an online hub for plugin users and 

developers, complete with documentation, issue tracking, and extension templates, would 

reflect best practices in open source (Raymond 2001) and ensure NexusMap’s evolution in line 

with emerging geospatial challenges.  

• Performance, offline use, and ease of deployment: Optimizing map rendering for large datasets, 

adding offline caching for mobile surveys, and providing Docker-based installation scripts 

would lower technical barriers and improve user experience across diverse devices. 

• Evaluation: The evaluation conducted with undergraduate and graduate students offers valuable 

insights into NexusMap’s usability and learning curve; however, it should be noted that these 

tests were performed in controlled academic settings and do not fully replicate the complexity 

of real‐world participatory mapping projects. While these classroom trials validate core 

interface and workflow aspects, they should be interpreted as preliminary usability assessments 

rather than comprehensive validations of the plugin’s effectiveness in diverse field 

environments. 

Despite these potential improvements, in its current state, NexusMap addresses the fundamental 

needs of collaborative mapping projects, providing a functional solution that enables projects that were 

previously constrained by a lack of suitable tools or budget limitations. Overall, NexusMap has been 

well received by both students with and without GIS experience, showing a strong intention for future 

use and recommendation in collaborative mapping projects. However, the analysis reveals that advanced 

users seek improvements in interoperability and teamwork functionalities, suggesting that future updates 

of the plugin could prioritize a focus on these aspects to enhance its adoption in more demanding 

professional environments. 

7. Conclusions 

This study introduces a tool for generating collaborative cartography, designed to democratize 

access to geospatial data creation by enabling both technical and non-technical users to actively 
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participate in cartographic projects. The proposed tool addresses these needs through a modular and 

accessible design, ensuring its usability for both technically trained users and those with no prior 

programming experience. Built on open-source software, the tool enhances its potential by allowing 

users to adapt and customize the system according to their specific requirements. This feature ensures 

long-term sustainability and adaptability to emerging demands and technological challenges. NexusMap 

represents a significant advancement in developing accessible and functional tools for collaborative 

cartography, removing technical and economic barriers that previously hindered adoption in projects 

with limited resources. 

Although areas for improvement have been identified that could further expand NexusMap’s 

capabilities, the tool meets its proposed objectives. In addition to bridging the gap between collaborative 

data and institutional standards, it lays the groundwork for the future development of collaborative 

mapping tools. Its focus on accessibility, sustainability, and adaptability positions it as an optimal and 

versatile solution for projects aiming to address citizen participation studies. 

8. Acknowledgements 

Grant TED2021-129484A-I00 funded by MICIU/AEI/ 10.13039/501100011033 and 

NextGenerationEU/PRTR and Grant RED2024-153676-E founded by MICIU/AEI 

/10.13039/501100011033 

References  

Ahmad, M., Khayal, M. S. H., & Tahir, A. (2022). Analysis of Factors Affecting Adoption of 

Volunteered Geographic Information in the Context of National Spatial Data Infrastructure. ISPRS 

International Journal of Geo-Information, 11(2), 120. https://doi.org/10.3390/ijgi11020120. 

Ajao, T., & Wielenga, C. (2017). Citizen Journalism and Conflict Transformation: The Ushahidi’s 

Response to Kenya’s 2008 Post-Election Violence. Matatu, 49(2), 467-486. 

https://doi.org/10.1163/18757421-04902012. 

Antoniou, V., See, L., Foody, G., Fonte, C., Mooney, P., Bastin, L., Fritz, S., Liu, H-Y., Olteanu-

Raimond, A-M., & Vatseva, R. (2017). “The Future of VGI”. In: Foody, G, See, L, Fritz, S, Mooney, 

P, Olteanu-Raimond, A-M, Fonte, C. C. and Antoniou, V. (eds.) Mapping and the Citizen Sensor. 377–

390. London: Ubiquity Press. https://doi.org/10.5334/bbf.p. 

Antoniou, V., & Skopeliti, A. (2015). Measures and Indicators of VGI Quality: an Overview, ISPRS 

Annals of Photogrammetry, Remote Sensing and Spatial Information Sciences, vol. II-3/W5, 345-351. 

https://doi.org/10.5194/isprsannals-II-3-W5-345-2015 

Ajuntament de Barcelona. (2018). Mapa Barcelona + Sostenible. Recovered from 

https://www.bcnsostenible.cat/en/. 

Bauman, Z. (2000). Liquid Modernity. Cambridge: Polity Press. 

https://doi.org/10.5565/rev/athenead/v1n0.10 

Blanco, A. (n.d.). Modelo-Vista-Controlador (MVC): Qué es y cómo funciona. [Query: 13-11-2024]. 

Recovered from https://ablancodev.com/wordpress/modelo-vista-controlador/. 

Brovelli, M. A., Minghini, M., Molinari, M. E., & Zamboni, G. (2016). Public Participation GIS: A 

FOSS architecture enabling field-data collection. International Journal of Digital Earth, 9(3), 244–263. 

https://doi.org/10.1080/17538947.2014.887150 

Cantú-Mata, J. L., Torres-Castillo, F., Alcaraz-Corona, S., & Banda-Muñoz, F. (2018). Calidad, tiempo 

y costo en proyectos de desarrollo de software. Interciencia, 43(10), 707-710. ISSN: 0378-1844. 

https://www.redalyc.org/journal/339/33957861006/html/ 

http://www.geo-focus.org/
https://investigacion.us.es/sisius/sis_proyecto.php?idproy=39690
https://doi.org/10.3390/ijgi11020120
https://doi.org/10.1163/18757421-04902012
https://doi.org/10.5334/bbf.p
https://doi.org/10.5194/isprsannals-II-3-W5-345-2015
https://www.bcnsostenible.cat/en/
https://doi.org/10.5565/rev/athenead/v1n0.10
https://ablancodev.com/wordpress/modelo-vista-controlador/
https://doi.org/10.1080/17538947.2014.887150
https://www.redalyc.org/journal/339/33957861006/html/


Orozco & Díaz-Cuevas, 2025  GeoFocus, 36 

 

 

22 

Craglia, M., & Annoni, A. (2006). INSPIRE: An Innovative Approach to the Development of Spatial 

Data Infrastructures in Europe. GSDI-9 Conference Proceedings: Research and Theory in Advancing 

Spatial Data Infrastructure Concepts, 6-10 November 2006, Santiago, Chile. Joint Research Centre of 

the European Commission, Institute for Environment and Sustainability, Spatial Data Infrastructures 

Unit. https://publications.jrc.ec.europa.eu/repository/handle/JRC37929 

Pedregal, B., Laconi, C., & del Moral, L. (2020). Promoting Environmental Justice through Integrated 

Mapping Approaches: The Map of Water Conflicts in Andalusia (Spain). ISPRS International Journal 

of Geo-Information, 9(2), 130. https://doi.org/10.3390/ijgi9020130. 

Elwood, S. (2008). Volunteered geographic information: Future research directions motivated by 

critical, participatory, and feminist GIS. GeoJournal, 72(3–4), 173–183. 

https://doi.org/10.1007/s10708-008-9186-0 

Foody, G. M., See, L., Fritz, S., Van der Velde, M., Perger, C., Schill, C., & Boyd, D. S. (2013). 

Assessing the accuracy of volunteered geographic information arising from multiple contributors to an 

internet-based collaborative project. Transactions in GIS, 17(6), 847-860. 

https://doi.org/10.1111/tgis.12033 

Fressoli, M., & Smith, A. (2024). El papel de la innovación abierta y colaborativa en los nuevos marcos 

de innovación. Ciencia, Tecnología y Política, 7(13), 19-30. 

https://revistas.unlp.edu.ar/CTyP/article/view/16849/16274. 

Gamma, E., Helm, R., Johnson, R., & Vlissides, J. (1994). Design Patterns: Elements of Reusable 

Object-Oriented Software. Addison-Wesley Professional. 

García-Araque, J. (2020). Mapeos colaborativos: Oportunidad para la geografía de acrecentar el uso de 

una valiosa herramienta de análisis territorial. Cuadernos de Geografía, (104), 43–58. 

https://doi.org/10.7203/CGUV.104.16325. 

Genovese, E., & Roche, S. (2010). Potential of VGI as a resource for SDIS in the North/South context. 

Geomatica, 64(4), 439–450. https://www.sciencedirect.com/science/article/pii/S1195103624001472 

GeoJSON. (n.d.). GeoJSON Specification. [Query: 13-11-2024]. Retrieved from https://geojson.org/. 

Geoinnova (n.d.). Cartografía colaborativa. [Query: 21-11-2024]. Retrieved from 

https://geoinnova.org/blog-territorio/cartografia-colaborativa/. 

Goodchild, M. F. (2007). Citizens as sensors: the world of volunteered geography. GeoJournal 69, 211–

221 https://doi.org/10.1007/s10708-007-9111-y. 

Goodchild, M. F., & Li, L. (2012). Assuring the quality of volunteered geographic information. Spatial 

Statistics, 1, 110-120 https://doi.org/10.1016/j.spasta.2012.03.002 

Heipke, C. (2010). Crowdsourcing geospatial data. ISPRS Journal of Photogrammetry and Remote 

Sensing, 65(6), 550–557. https://doi.org/10.1016/j.isprsjprs.2010.06.005. 

Kinsta (n.d.). Cuota de mercado de WordPress. [Query: 13-11-2024]. Retrieved from 

https://kinsta.com/es/cuota-de-mercado-de-wordpress/ 

Kinsta. (n.d.). Qué son los hooks de WordPress y cómo usarlos. [Query: 14-11-2024]. Retrieved from 

https://kinsta.com/es/blog/wordpress-hooks/ 

Lee-Cruz, L., Lenormand, M., Cappelle, J., Caron, A., De Nys, H., Peeters, M., Bourgarel, M., Roger, 

F., & Tran, A. (2021). Mapping of Ebola virus spillover: Suitability and seasonal variability at the 

landscape scale. arXiv. https://doi.org/10.48550/arXiv.2108.10708. 

https://publications.jrc.ec.europa.eu/repository/handle/JRC37929
https://doi.org/10.3390/ijgi9020130
https://doi.org/10.1007/s10708-008-9186-0
https://doi.org/10.1111/tgis.12033
https://revistas.unlp.edu.ar/CTyP/article/view/16849/16274.
https://doi.org/10.7203/CGUV.104.16325
https://geojson.org/
https://geoinnova.org/blog-territorio/cartografia-colaborativa/
https://doi.org/10.1007/s10708-007-9111-y
https://doi.org/10.1016/j.spasta.2012.03.002
https://doi.org/10.1016/j.isprsjprs.2010.06.005
https://kinsta.com/es/cuota-de-mercado-de-wordpress/
https://kinsta.com/es/blog/wordpress-hooks/
https://doi.org/10.48550/arXiv.2108.10708


Developing an open-source tool for collaborative mapping: process, challenges and solutions 

 

www.geofocus.org 

23 

Liedman, P. (n.d.). Leaflet Control Geocoder. [Query: 14-11-2024]. Retrieved from 

https://github.com/perliedman/leaflet-control-geocoder. 

Meier, P. (2015). Digital Humanitarians: How Big Data is Changing the Face of Humanitarian 

Response. CRC Press. https://doi.org/10.1201/b18023 

Necula, S. (2024). Exploring The Model-View-Controller (MVC) Architecture: A Broad Analysis of 

Market and Technological Applications. Preprints. https://doi.org/10.20944/preprints202404.1860.v1. 

Orozco, G., & Díaz-Cuevas, P. (2024). Desarrollo de herramientas web de cartografía colaborativa 

mediante el uso de inteligencia artificial. En Peter Lang (Ed.), Inteligencia Artificial: ¿amiga o 

enemiga? 323-333. Peter Lang. https://doi.org/10.3726/b22553 

Olteanu-Raimond, A. M., Laakso, M., Antoniou, V., Fonte, C., Fonseca, A., Grus, M., & Skopeliti, A. 

(2017). VGI in national mapping agencies: Experiences and recommendations. In G. Foody, L. See, S. 

Fritz, P. Mooney, A.-M. OlteanuRaimond, C. C. Fonte, & V. Antoniou (Eds.), Mapping and the citizen 

sensor 299–326. Ubiquity Press. https://doi.org/10.5334/bbf.m 

Osorio Arjona, J., Orozco Frutos, G., & Pedregal Mateos, B. (2022). Cartografía colaborativa e 

infraestructuras de información espacial: Análisis de experiencias. En J. R. de la Riva Fernández, M. T. 

Lamelas Gracia, R. Montorio Llovería, F. Pérez Cabello, & M. Rodrigues Mimbrero (Coords.), TIG al 

servicio de los ODS 182–191. Servicio de Publicaciones, Universidad de Zaragoza. ISBN 978-84-

18321-49-8. https://www.age-geografia.es/site/wp-content/uploads/2022/11/Actas-XIX-Congreso-de-

TIG_Zaragoza-2022-1.pdf 

Open Geospatial Consortium. (2020). OGC EO Dataset Metadata GeoJSON(-LD) Encoding Standard 

(OGC Document 17-003r2). Recovered from https://docs.ogc.org/is/17-003r2/17-003r2.html 

Pedregal, B., Cabello, V., Hernández-Mora, N., Limones, N., & Del Moral, L. (2015). Information and 

knowledge for water governance in the networked society. Water Alternatives, 8(2), 1–19. 

http://hdl.handle.net/11441/36629 

Pedregal, B., Orozco, G., Osorio, J., & Díaz-Cuevas, P. (2024). Characterizing collaborative mapping 

projects. A methodological framework for analyzing volunteered geographic information and spatial 

data infrastructure convergence. Transactions in GIS, vol. 28, (7), https://doi.org/10.1111/tgis.13210. 

Raymond, E. S. (2001). The Cathedral and the Bazaar: Musings on Linux and Open Source by an 

Accidental Revolutionary. O'Reilly Media. https://www.oreilly.com/library/view/the-

cathedral/0596001088/ 

Roche, S., Propeck-Zimmermann, E., & Mericskay, B. (2013). GeoWeb and crisis management: Issues 

and perspectives of volunteered geographic information. GeoJournal, 78(1), 21-40. 

https://doi.org/10.1007/s10708-011-9423-9 

Sánchez, I., Wolf, E.B., Matthews, G.D., McNinch, K., & Poore, B.S. (2012). La experiencia del USGS 

con I.G. voluntaria y su prototipo colaborativo de OpenStreetMap. Revista Catalana de Geografia, VOL 

16, no. 43, https://rcg.cat/contingut/la-experiencia-del-usgs-con-i-g-voluntaria-y-su-prototipo-

colaborativo-de-openstrretmap. 

Schade, S., & Tsinaraki, C. (2016). Survey report: Data management in citizen science projects (JRC 

Technical Report; EUR 27920 EN). Publications Office of the European Union. 

https://doi.org/10.2788/539115 

See, L., Mooney, P., Foody, G., Bastin, L., Comber, A., Estima, J., Fritz, S., et al. (2016). 

Crowdsourcing, citizen science or volunteered geographic information? The current state of 

http://www.geo-focus.org/
https://github.com/perliedman/leaflet-control-geocoder
https://doi.org/10.1201/b18023
https://doi.org/10.20944/preprints202404.1860.v1
https://doi.org/10.3726/b22553
https://doi.org/10.5334/bbf.m
https://www.age-geografia.es/site/wp-content/uploads/2022/11/Actas-XIX-Congreso-de-TIG_Zaragoza-2022-1.pdf
https://www.age-geografia.es/site/wp-content/uploads/2022/11/Actas-XIX-Congreso-de-TIG_Zaragoza-2022-1.pdf
https://docs.ogc.org/is/17-003r2/17-003r2.html
http://hdl.handle.net/11441/36629
https://doi.org/10.1111/tgis.13210
https://www.oreilly.com/library/view/the-cathedral/0596001088/
https://www.oreilly.com/library/view/the-cathedral/0596001088/
https://doi.org/10.1007/s10708-011-9423-9
https://rcg.cat/contingut/la-experiencia-del-usgs-con-i-g-voluntaria-y-su-prototipo-colaborativo-de-openstrretmap
https://rcg.cat/contingut/la-experiencia-del-usgs-con-i-g-voluntaria-y-su-prototipo-colaborativo-de-openstrretmap
https://doi.org/10.2788/539115


Orozco & Díaz-Cuevas, 2025  GeoFocus, 36 

 

 

24 

crowdsourced geographic information. ISPRS International Journal of Geo-Information, 5(5), 55. 

https://doi.org/10.3390/ijgi5050055 

Senaratne, H., Mobasheri, A., Ali, A. L., Capineri, C., & Haklay, M. (Muki). (2016). A review of 

volunteered geographic information quality assessment methods. International Journal of Geographical 

Information Science, 31(1), 139–167. https://doi.org/10.1080/13658816.2016.1189556. 

Sieber, R. E. (2006). Public participation geographic information systems: A literature review and 

framework. Annals of the Association of American Geographers, 96(3), 491–507. 

https://doi.org/10.1111/j.1467-8306.2006.00702.x 

Sommerville, I. (2016). Software Engineering (10th ed.). Pearson Education Limited, Boston. 

Sun, J., Patil, A., Li, Y., Guo, J. L. C., & Zhou, S. (2024). How to Sustain a Scientific Open-Source 

Software Ecosystem: Learning from the Astropy Project. arXiv [preprint] arXiv:2402.15081. Retrieved 

from https://arxiv.org/pdf/2402.15081 

Vahidnia, M. H., & Vahidi, H. (2021). Open Community-Based Crowdsourcing Geoportal for Earth 

Observation Products: A Model Design and Prototype Implementation. ISPRS International Journal of 

Geo-Information, 10(1), 24. https://doi.org/10.3390/ijgi10010024. 

WordPress Foundation. (n.d.). WordPress Coding Standards. [Query: 14-11-2024]. Retrieved from 

https://codex.wordpress.org/WordPress_Coding_Standards. 

 

https://doi.org/10.3390/ijgi5050055
https://doi.org/10.1080/13658816.2016.1189556
https://doi.org/10.1111/j.1467-8306.2006.00702.x
https://arxiv.org/pdf/2402.15081
https://doi.org/10.3390/ijgi10010024
https://codex.wordpress.org/WordPress_Coding_Standards

