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Introduction: The management of rural community projects faces limited local planning capabilities. In this context, SARA was 
developed as a system aimed at improving traceability, transparency, and efficiency, based on the analysis of the organizational 
dynamics of rural communities and the management processes within local governments.
Objective: To develop a system for managing rural community projects that contributes to improving traceability, transparency, 
and efficiency in management processes.
Methodology: The system development was based on a hybrid methodological approach integrating exploratory-descriptive 
research with Design Science Research (DSR) and the Rational Unified Process (RUP), enabling iterative artifact construction and 
evaluation. SARA was implemented as a cloud-based architecture comprising a web application, a REST API, a mobile application, 
and IoT devices.
Results: The results obtained in a pilot context revealed a positive user perception regarding usefulness and ease of use, as well 
as its potential to support the management of community projects. Unlike other solutions focused on agricultural productivity, 
SARA emphasizes local governance, transparency, and social sustainability.
Conclusions: SARA represents an alternative for strengthening public management in rural environments and contributing to 
digital transformation processes, in line with the Sustainable Development Goals (SDGs) and digital governance policies in Co-
lombia.

Resumen
Introducción: La administración de proyectos comunitarios rurales enfrenta limitadas capacidades de planificación local. En este 
contexto, se desarrolló SARA, un sistema orientado a mejorar la trazabilidad, la transparencia y la eficiencia, a partir del análisis de 
las dinámicas organizativas de las comunidades rurales y de los procesos de gestión en las alcaldías.
Objetivo: Desarrollar un sistema para la administración de proyectos comunitarios rurales que contribuya a mejorar la trazabilidad, 
la transparencia y la eficiencia en la gestión.
Metodología: El desarrollo del sistema se fundamentó en un enfoque metodológico híbrido que integró investigación explora-
toria-descriptiva con Design Science Research (DSR) y Rational Unified Process (RUP), permitiendo la construcción iterativa y la 
evaluación del artefacto. SARA se implementó como una arquitectura en la nube compuesta por una aplicación web, una API REST, 
una aplicación móvil y dispositivos IoT.
Resultados: Los resultados obtenidos en un contexto piloto evidenciaron una percepción positiva por parte de los usuarios en tér-
minos de utilidad y facilidad de uso, así como su potencial para apoyar la gestión de proyectos comunitarios. A diferencia de otras 
soluciones centradas en la productividad agrícola, SARA se enfoca en la gobernanza local, la transparencia y la sostenibilidad social.
Conclusiones: SARA constituye una alternativa para fortalecer la gestión pública en entornos rurales y contribuir a los procesos de 
transformación digital, en coherencia con los Objetivos de Desarrollo Sostenible y las políticas de gobernanza digital en Colombia.

Palabras clave: Sistemas orientados a servicios, computación en la nube, comunidades rurales, gestión de proyectos comunitarios, gober-
nanza local, transformación digital, investigación basada en diseño.

https://orcid.org/0009-0009-5241-8155
https://creativecommons.org/licenses/by-nc-sa/4.0/deed.es
https://crossmark.crossref.org/dialog/?domain=revistaingenieria.univalle.edu.co&doi=10.25100/iyc.v278i2.15488


Ingeniería y Competitividad, 2026 vol 28(2) e-20115488/ May- Aug 2 /20

doi:  10.25100/iyc.v28i2.15488

Sara - system for the administration of rural communities supported by a cloud architecture

Graphical Abstract

Why was the study conducted?
The study was conducted to design and validate an ICT solution supported by a cloud-based architecture, scalable and 
of low operational complexity, aimed at improving the management of rural community projects led by Community Ac-
tion Boards (CABs), while strengthening the registration, monitoring, and control of their activities and resources.

What were the key findings?
 The study made it possible to identify and structure a rural community project management model of low operational 
complexity, oriented to the dynamics of Community Action Boards and materialized in an architecture composed of a 
web application, a mobile application, and integration services. Preliminary results show that the solution is useful, easy 
to use, and replicable in other rural contexts with similar needs for traceability, coordination, and control.

What do these findings contribute?
These findings provide a technological tool that strengthens the control, traceability, and coordination of 
community projects for both Community Action Boards and municipal Infrastructure Secretariats, by facilita-
ting the monitoring of activities, resources, participants, and outcomes, while also offering a scalable techno-
logical foundation for adoption in other rural communities.
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Introduction
Rural communities face information shortages that hinder the management of their infrastructure 

projects (1), (2). These communities, generally organized through Communal Action Boards (CABs), 

often experience limitations in accessing services and technologies that support the management 

of their activities. In this con-text, Information Technologies (IT) can help bridge these gaps by 

facilitating the registration, monitoring, and control of projects, while supporting processes of self-

sufficiency and sustainability, as suggested in (3).

Within this context, SARA is proposed as a system oriented toward the management of rural 

community projects, aligned with initiatives that promote the achievement of the Sustainable 

Development Goals (SDGs), particularly Goal 11 related to sustainable communities (4), (5). 

As described in (6), the system incorporates software architecture that enhances information 

traceability in projects supported by territorial entities, contributing to improved control and project 

outcomes.

Currently, these projects are commonly managed manually, which limits resource control and the 

monitoring of results. According to (7), this process includes phases such as needs identification, 

planning, funding requests, approval, execution, and auditing, all of which require adequate 

information management mechanisms for their successful development.

The development of SARA integrates three methodologies: Exploratory-Descriptive Research, 

Design Science Research (DSR), and the Rational Unified Process (RUP). The project proposes a 

process-based system to manage projects developed by rural communities and to guide the use 

of Information Technologies (IT) integrated into architecture. Its objective is to provide clarity and 

facilitate the recording of activities associated with these projects.

The system is supported by cloud-based architecture, defined by (8), (9) as a flexible and scalable 

computing service delivered through the Internet that does not depend on local physical servers. In 

this case, the architecture is composed of a web application, a mobile application, and Internet of 

Things (IoT) devices. Both the system and its cloud architecture are consistent with the context of 

rural communities and are intended to support a future adoption phase that promotes an integral, 

participatory, and sustainable approach, as highlighted in (10) and (11).

SARA is conceived as an accessible, scalable, and flexible solution suitable for rural environments 

with technological and connectivity constraints. The system centralizes information and facilitates 

access from different locations, improving project coordination, interaction between community 

actors and local governments, and accountability processes. Furthermore, it serves as a model that 

can help other rural communities increase project execution efficiency, improve beneficiaries’ quality 

of life, and strengthen regional development.

The construction of the first version of SARA involved several iterations and case-based evaluations. 

An adoption process was conducted with one rural community and three municipal government 

officials, resulting in positive acceptance of the system. Nevertheless, broader implementation will 

require public policies that encourage its appropriation across rural communities and municipalities 

in Colombia.

https://repositorio.cepal.org/handle/11362/45317 
https://repository.fedesarrollo.org.co/handle/11445/4092
https://doi.org/10.1080/1389224X.2020.1851268
https://doi.org/10.22507/rli.v18n2a13
https://www.un.org/sustainabledevelopment/es/sustainable-development-goals
https://doi.org/10.26507/paper.4844
https://doi.org/10.1016/j.worlddev.2022.105898
http://revistasbolivianas.umsa.bo/pdf/rits/n7/n7a35.pdf 
https://doi.org/10.1016/j.jss.2018.09.082
http://hdl.handle.net/20.500.11912/4934
https://doi.org/10.35575/rvucn.n57a7
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The next phase of the project will seek the participation of additional rural leaders and territorial 

entities to re-identify and address the barriers to IT appropriation identified in (12) and (13). This 

feedback process will guide adjustments to the management system and support the incorporation 

of new functionalities through additional applications that provide access to health, education, and 

other social programs.

The pursuit of technological appropriation will be based on trust, communication, and beneficiary 

participation, three essential elements for success in rural environments according to (14). These 

principles will support the evolution of SARA toward Software as a Service (SaaS) model.

SARA has a direct impact on the capacity of communities to self-manage and improve their 

participation in development projects. However, its long-term success will require mechanisms that 

ensure system sustainability and autonomy, as well as strategies to mitigate legal and regulatory 

limitations.

Methodology
According to (6), the development of SARA is grounded in a hybrid methodological approach 

that integrates Exploratory-Descriptive Research, Design Science Research (DSR), and the Rational 

Unified Process (RUP). This approach aims to understand the rural context while iteratively 

constructing and validating a technological solution in real-world environments.

The understanding of rural communities was supported through exploratory-descriptive research 

following the approach described in (15), which focuses on analyzing the experiences and meanings 

attributed by a social group. This process led to the conception of the management system 

described in Section 4.1.

The construction and evaluation of the prototypes were supported by the integration of Design 

Science Re-search (DSR) and the Rational Unified Process (RUP). DSR provided the framework for 

the generation and validation of the artifact, incorporating models, methods, and instances that 

ensure scientific rigor (16). RUP, in turn, structured the software development process through 

incremental iterations guided by use cases and continuous feedback. This combination enabled 

the progressive evolution of the prototypes in response to changing requirements (17), (18), while 

ensuring both the suitability of the designed solutions and the scientific validity and quality of the 

resulting artifact.

Following the principles of Design Science Research, the development of SARA was structured as 

an iterative cycle composed of: (i) problem identification and analysis within the rural context, (ii) 

design and construction of the technological artifact, (iii) evaluation of the artifact in representative 

scenarios, and (iv) refinement of the solution based on the feedback obtained.

The proposed methodology is organized into five complementary phases that guide the 

development and evolution of the system. Phases 1 through 4 have been implemented and 

evaluated within the study context, while Phase 5 is proposed as a future stage focused on 

technology appropriation by the communities. Figure 1 provides an overview of these phases, which 

are described below:

https://doi.org/10.1080/08985626.2019.1630486
https://doi.org/10.5539/ijbm.v10n2p158
https://doi.org/10.4067/S0718-07642017000100007
https://doi.org/10.26507/paper.4844
https://doi.org/10.2753/mis0742-1222240302 
https://doi.org/10.3390/fintech2030029 
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1.	 Phase 1 illustrates the exploratory approach aimed at understanding the communities through 

observation (a), defining requirements (R), and designing the system (b).

2.	 Phase 2 is supported by DSR and RUP and includes implementation activities (c), evaluation 

through cases or scenarios (d), and design improvement when necessary (e). These activities are 

performed iteratively based on the feedback obtained during testing.

3.	 Phase 3 involves the community in training activities (f) and system use (g), allowing require-

ments (R) to be redefined based on real-world experience. SARA is currently at this stage, and 

agreements are being established to work with additional communities.

4.	 Phase 4 is again supported by DSR and RUP, incorporating the adjustments identified during 

Phase 3. It includes continued implementation (c’), user evaluation (h), and system refinement 

(e), maintaining an iterative and incremental approach based on continuous feedback.

5.	 Phase 5 corresponds to a future stage focused on technology appropriation and will involve 

implementing strategies (i), such as training programs and incentive mechanisms, as well as pro-

moting regional policies that encourage technology use within communities (j).

6.	 Technology adoption and appropriation in rural contexts represent significant challenges due 

to cultural traditions and resistance to change, factors that have been widely documented in the 

literature (19). In this regard, several studies highlight the need to promote transformations in 

user behavior to facilitate the effective incorporation of technological solutions (14), (20), (21). 

From this perspective, appropriation can be understood as the ability to use technological tools 

to transform processes, improve product quality, and strengthen outcomes (22).

Figure 1. Methodology proposed

Within the context of SARA, these elements constitute the conceptual foundation of the proposed 

Phase 5, which will focus on designing strategies that foster trust, knowledge, and sustainable 

technology use within communities. These strategies will include training processes, incentive 

mechanisms, and alignment with regional policies, consistent with approaches that emphasize the 

importance of adapting technological design to users’ living conditions and the dynamics of their 

processes (23). This perspective requires the adoption of a systemic view that integrates technical, 

human, and contextual dimensions into the technology appropriation process.

https://doi.org/10.1071/AN14874
https://doi.org/10.4067/S0718-07642017000100007
https://doi.org/10.11144/Javeriana.cdr19.isia
https://www.elcolombiano.com/negocios/uso-tic-agricola-aun-tiene-ajustes-en-la-cosecha-FX7752304 
https://tesis.pucp.edu.pe/repositorio/handle/20.500.12404/8864
https://doi.org/10.1007/s00146-013-0475-x
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Reference framework

According to (22), a rural community can be described as a group of people living in territorial 

areas smaller than a municipality and, according to (24), located in dispersed rural settlements 

characterized by population densities of fewer than 150 inhabitants per square kilometer. These 

communities may possess their own cultural identities and expressions, as well as needs. They 

are generally composed of families engaged primarily in agriculture, livestock, or other activities 

associated with rural environments. Furthermore, according to (11), their development often 

requires support from territorial entities.

Cloud architecture refers to the design and structural framework of systems, applications, and 

services hosted on cloud platforms. It involves the integration of components such as storage, 

servers, networks, and databases to ensure scalability, flexibility, security, and remote accessibility 

for both users and organizations (25).

Cloud architecture leverages remote resources provided by vendors such as Amazon Web Services 

(AWS), Microsoft Azure, and Google Cloud Platform (GCP), enabling access to computing resources 

on demand without requiring substantial initial investments in infrastructure (26).

SARA provides rural communities with a cloud-based architecture to support the management of 

community projects, aligning with the need to improve productive and economic outcomes, as well 

as the quality of life of rural inhabitants, through Information Technologies (IT), as highlighted by 

the Colombian Ministry of Information and Communication Technologies (27) and the Strategic 

Development Plan of Santander (22).

The incorporation of cloud-based architecture to optimize agricultural activities has become 

increasingly common, and several experiences demonstrate their potential. Some examples include:

1.	 In Colombia, the National Federation of Cereal and Legume Growers (FENALCE) and the Inter-

national Center for Tropical Agriculture (CIAT) developed an ICT platform based on data col-

lected through sensors, satellite imagery, and predictive models. This information is analyzed to 

provide personalized recommendations to farmers through a mobile application. The platform 

employs machine learning algorithms focused on climate, soil, and crop management variables 

in maize production to reduce the risk of losses (28).

2.	 Another Colombian example is Agrocraft (29), a web and mobile software platform that facil-

itates agricultural commercialization between previously associated producer and consumer 

organizations. Within this system, consumers register projected demand, while producers pro-

vide information about their crops through mobile devices. Based on this data, the software 

estimates harvest dates and production volumes, increasing certainty regarding available supply 

and reducing the gap between supply and demand.

3.	 In Ecuador, (30) presents a web and mobile system that generates geographic information 

about the natural and cultural heritage of rural communities, increasing its visibility and recog-

nition among citizens.

4.	 In Brazil, (31) developed AgroAPI, a platform that provides agricultural data and models 

through different APIs. This tool focuses on variables such as productivity, planting dates, and 

climatic conditions, facilitating decision-making and contributing to the achievement of the 

Sustainable Development Goals (SDGs). The authors highlight the potential of digitalization to 


https://tesis.pucp.edu.pe/repositorio/handle/20.500.12404/8864

https://hdl.handle.net/11362/48021 
https://doi.org/10.35575/rvucn.n57a7 
https://doi.org/10.4324/9781003194798-11 
https://surl.li/rbpwfk 
https://lc.cx/X_26lc
https://tesis.pucp.edu.pe/repositorio/handle/20.500.12404/8864
https://doi.org/10.1016/j.gfs.2019.08.004
https://doi.org/10.4067/S0718-07642016000300020 
https://doi.org/10.5194/isprs-annals-VIII-M-1-2021-65-2021
https://doi.org/10.1016/j.atech.2023.100247 
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promote sustainable agriculture while recognizing the need to advance the digital transforma-

tion of the sector through more efficient management of sensor-generated data, despite the 

challenges that remain.

5.	 In Nigeria, (32) reports a study conducted in 95 villages involving 1,044 adults who had recently 

learned to use mobile phones, taking advantage of the growing telecommunications coverage 

in rural areas. The results demonstrated that mobile device usage improves regional productiv-

ity by facilitating access to agricultural credit and markets for the commercialization of agricul-

tural products.

Within this context, cloud architecture emerges as a relevant technological alternative. This design 

model enables the development, deployment, and management of applications and computing 

resources with flexibility and scalability through the Internet, rather than relying on local physical 

servers (8).

Results
This section presents the results of the development of SARA, a management system for rural 

communities focused on projects that support self-management. It includes the system architecture, 

its main components, and the functionalities implemented through the web application, REST API, 

mobile application, and IoT devices, as summarized in (6).

From an implementation perspective, the system was built using web and mobile technologies 

that enable its operation in heterogeneous environments. The web application was developed in 

PHP using the Laravel framework (33) and supported by a MySQL database. The REST API and the 

mobile application were implemented in RAD Studio (34) using Delphi and DataSnap technology, 

which enables the development of web services and communication between client and server 

applications (35), (36).

The following subsections describe the system components and their operation, as well as the 

results obtained from their implementation and use within the evaluated rural context.

Rural Community Management System

The proposed system is based on an understanding of how rural communities operate and how 

project management processes are conducted in collaboration with municipal governments. Based 

on this analysis, a process-oriented structure was defined to articulate the interaction between 

communities and municipal representatives. The structure involves community members, who may 

assume roles as beneficiaries or managers, and projects, within which activities are carried out using 

tools, consuming resources, and acting upon infrastructure elements or community assets.

Some of the terms highlighted in italics in the previous paragraph correspond to the elements 

defined in the system structure illustrated in Figure 2. This structure, previously introduced in (6), 

constitutes the foundation for the design of architecture and its components. The system structure 

can be described according to the numbering shown in Figure 2 as follows:

https://doi.org/10.1016/j.foodpol.2015.03.006
http://revistasbolivianas.umsa.bo/pdf/rits/n7/n7a35.pdf
https://doi.org/10.26507/paper.4844 
https://books.google.com/books?id=sPylDwAAQBAJ 
https://docwiki.embarcadero.com/RADStudio/Sydney/en/REST_Debugger
https://link.springer.com/chapter/10.1007/978-3-642-25349-2_61
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1.	 Municipalities are composed of communities, which in turn consist of community members. 

These members may act as community development managers and beneficiaries and must des-

ignate a community representative.

2.	 Beneficiaries require projects that address their needs.

3.	 Projects involve activities performed using different tools, benefiting specific infrastructure ele-

ments while consuming resources.

4.	 Projects require the support of a municipal representative, who is generally the Secretary of In-

fra-structure or an equivalent municipal official.

5.	 Beneficiaries assign activities, tools, and infrastructure elements that require attention.

6.	 Municipal governments allocate resources to rural communities. The municipal representative 

is responsible for overseeing the resources executed by the community and must have access 

to information that enables effective project monitoring and control, ensuring that project out-

comes benefit the community.

7.	 Projects generate benefits for the community.

The system is aligned with the guidelines presented in (4) and (22), which emphasize the importance 

of providing rural communities with appropriate conditions for the management, execution, and 

monitoring of community projects related to the construction and maintenance of infrastructure 

such as drainage systems, bridges, roads, pathways, and public buildings. Insufficient management 

of these projects may lead to duplicated efforts, increased costs, and a lack of accurate information 

regarding the needs of Community Action Boards (CABs) (10).

Figure 2. Structure of the Management System

SARA Cloud Architecture

SARA is supported by cloud-based architecture that underpins the proposed management 

system and is intended to be extended toward future technology adoption processes within rural 

communities. SARA integrates applications for project management. Initially, the architecture 

integrates applications for community project management and climate variable monitoring.

https://doi.org/10.22507/rli.v18n2a13
https://tesis.pucp.edu.pe/repositorio/handle/20.500.12404/8864 
http://hdl.handle.net/20.500.11912/4934
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The containerization and deployment of the architecture, together with its Infrastructure as a 

Service (IaaS) and Platform as a Service (PaaS) component, were described in (6). Its configuration 

follows the practical implications discussed by (37), who address methods, objectives, and outcomes 

associated with service models according to the specific needs of users and organizations.

The architectural requirements are summarized below and were described in greater detail in (6). 

They are illustrated in Figure 3:

1.	 Manage communities, beneficiaries, tools, municipalities, resources, and activity types. These 

entities are master data and constitute the primary source of information for projects and activ-

ities.

2.	 Manage projects.

3.	 Manage activities, including the registration and management of digital geographic locations.

4.	 Generate activity reports with filters based on project, date range, activity type, community, and 

other criteria.

5.	 Generate consolidated reports and graphical summaries related to communities, activities, par-

ticipants, and executed financial resources.

Figure 3. Simplified Use Case Diagram

To support activity registration, any member of the community may temporarily assume the role 

of the Com-munity Action Board (CAB) representative when necessary. It should also be noted that 

requirements 3 and 4 can be managed through both the web platform and the mobile application. 

The project management process carried out by the CAB was presented in (6) using an activity 

diagram. The most relevant stages of the process are summarized as follows:

1.	 The community identifies a need and submits a request to the municipal government.

2.	 The municipal government evaluates the request and, if approved, assigns the project.

3.	 The CAB president registers the activities, infrastructure elements, participants, and tools re-

quired during project execution.

It should be noted that the actions performed by the CAB and other community members can 

be carried out through the mobile application after project synchronization. Activities registered 

https://doi.org/10.26507/paper.4844
https://doi.org/10.5281/zenodo.4450129
https://doi.org/10.26507/paper.4844 
https://doi.org/10.26507/paper.4844 
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on the mobile device must subsequently be synchronized to allow consultation by stakeholders. 

Multimedia files such as photographs, videos, and audio recordings may also be associated with 

activities.

The architectural components illustrated in Figure 4 are:

1.	 Web Platform: Supports the configuration of communities, projects, and report generation. It is 

described in Section 4.2.1.

2.	 Mobile Application: Consumes the REST API services, enabling activity registration and trans-

mission to the backend for storage and processing. It incorporates a local database to support 

asynchronous operation and is described in Section 4.2.2.

3.	 REST API: Facilitates communication among the backend, front-end, and applications, enabling 

data exchange and the registration of community project activities. It is described in Section 

4.2.3.

4.	 IoT Devices: Used to collect information related to stream flow, temperature, and rainfall. These 

devices are described in Section 4.2.4.

5.	 Digital Geographic Location Module: Enables the identification of infrastructure elements on a 

digital map using the Google Maps component. Examples include locating rural road pavement 

sections or water collection structures associated with community aqueduct systems. A techni-

cal description is provided in (6).

6.	 MySQL Database: Stores master records and project activity information. The database is repli-

cated on a secondary server as a security and backup mechanism.

Figure 4. SARA Architecture

Figure 4 also illustrates, following the direction of the arrows, the generation of reports and 

graphical summaries and the migration process used to transfer records from the application to 

central system.

https://doi.org/10.26507/paper.4844 


Ingeniería y Competitividad, 2026 vol 28(2) e-20115488/ May- Aug 11/20

doi:  10.25100/iyc.v28i2.15488

Sara - system for the administration of rural communities supported by a cloud architecture

Updated mobile records may require the use of a backup communication channel, which is planned 

to improve system availability during Internet outages. This channel will be supported by Low-Power 

Wide-Area (LPWA) communication technologies capable of transmitting small amounts of data over 

long distances with low energy consumption.

The migration process is performed as follows:

1.	 The mobile application generates a JSON file containing activity records pending migration 

from the local SQLite database, there are transmitted to the REST API using the HTTP protocol 

and subsequently marked as migrated. The application also includes a graphical authentication 

option based on image combinations associated with agricultural activities, functioning similarly 

to a password mechanism.

2.	 The REST API exports master data and receives validates, and stores activity records in database.

Web Application

As previously presented in (6), the web application manages master data and reporting 

functionalities. It consists of two main components: the Front-End, corresponding to the 

presentation layer with which users inter-act, and the backend, responsible for the business logic, 

including activity management, assignment of responsible participants, deadline definition, and 

other administrative functions.

Some of the reports generated by the system include:

1.	 Project Activity Report, which displays a list of activities together with information such as re-

cord number, project, activity type, event dates, number of participants, hours contributed, 

observations, and associated multimedia content. Each multimedia item is interactive and can 

be viewed in an enlarged format (see Figure 5). Some of these records are created through the 

mobile application and subsequently migrated to the cloud platform, allowing both the regis-

tration date and migration date to be tracked.

2.	 Consolidated Expenditure Report, which visually presents the distribution of project costs ac-

cording to the selected reporting period.

3.	 Additional Reports, including consolidated records by month, project, or user, and a participa-

tion report that displays, in calendar format, the dates on which each user recorded informa-

tion.

https://doi.org/10.26507/paper.4844 
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Figure 5. Project Activity Report

Mobile Application

According to (6), the mobile application is “software designed to record information related to 

project processes and synchronize it for consultation through the web platform”. The application 

supports asynchronous communications, operates on medium- and high-range smartphones, 

automatically detects network availability, and synchronizes data with the server. These capabilities 

ensure that data remains updated and accessible while allowing users to record activities in areas 

with limited connectivity.

The project is expected to evolve through the incorporation of additional applications and 

functionalities. These future applications will maintain a similar structure and configuration of 

options to minimize perceived differences between systems. This approach seeks to mitigate 

resistance to change, which is often significant in rural environments, as highlighted by (38) and 

(39).

In general, the applications are expected to provide the following functions:

1.	 Registering and listing activities.

2.	 Generating consolidated graphical reports.

3.	 Exporting and importing records, which require user authentication.

An example of the mobile application is presented in Figure 6, corresponding to the mobile 

component of the architecture illustrated in Figure 4. Each screen represents a specific step within 

the operational process (also described in (6)):

1.	 Activity registration, following the generic activity-recording process.

2.	 Project selection.

3.	 Activity report, including filtering options, summary indicators (participants, financial resources, 

and hours contributed), and a detailed list of records.

4.	 Monthly consolidated report, including totals for records, hours, participants, and financial re-

sources, together with their corresponding graphical visualizations.

https://doi.org/10.26507/paper.4844 
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Figure 6. Project Activity Management through Mobile Application

REST API

As previously described in (6), REST API is a service deployed on the server whose purpose is 

to establish communication between the mobile applications and the database. It acts as an 

intermediary layer that manages information exchange through JSON formats and exposes the 

methods required for applications to send and retrieve data.

IoT Devices

The Internet of Things (IoT) refers to technologies that connect physical objects to the Internet to 

collect, process, and share environmental data, thereby providing benefits to users (40). Within 

SARA and considering that some municipalities still rely on manual procedures for recording 

climatic variables, two IoT components have been incorporated into the architecture to automate 

the collection of temperatures and rainfall data. These devices operate through GPRS, 3G, and 

4G communication networks. In future stages, the collected information is expected to support 

decision-making related to infrastructure projects, such as planning construction activities according 

to rainfall periods and environmental conditions.

This approach is inspired by (41), who employed low-cost single-board computers to provide cloud 

services in rural and remote areas, improving service availability while enabling the efficient and 

cost-effective execution of local digital services.

Evaluation

The tests conducted and the use of SARA by beneficiaries indicate a positive perception of the 

system, particularly within the municipal Infrastructure Secretariat. To assess this perception, a 

survey adapted from (39) was administered to evaluate the perceived usefulness of the system 

functionalities and its ease of use through a five-point Likert scale ranging from “strongly disagree” 

(1) to “strongly agree” (5).

The results, presented in Figure 7, show that all participants perceived the reporting and activity 

traceability functionalities as useful, while 90% considered the system easy to use. These findings 

suggest that the developed artifact satisfies usability and usefulness criteria within the evaluated 

context. However, further evaluation involving a larger number of users and additional deployment 

https://doi.org/10.1016/j.aiia.2022.01.001
https://doi.org/10.1145/3001913.3001918
https://doi.org/10.3390/info11120566
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scenarios is required to strengthen the validity of these findings.

Figure 7. Evaluation of perceived usefulness and ease of use.

Discussion
From a technological perspective, the cloud-based architecture proposed in SARA incorporates 

characteristics widely recognized in the literature, including scalability, ease of operation, low 

maintenance and update costs, and security (25), (42), (43), (44) y  (45)However, its contribution 

extends beyond these technical aspects by incorporating a simplified interface design approach 

intended to reduce operational complexity. This design decision responds to the characteristics of 

rural environments, where resistance to change and strong cultural traditions may limit technology 

adoption (38) y (39).

From a functional perspective, SARA provides a structured process and systematization tools 

that support the management of public resources in community projects and contribute to local 

governance, addressing needs identified in previous studies (22), (46) y (47). This approach is 

particularly relevant in territories with limited local planning capacities, such as rural areas of 

Santander (Colombia), where the system is currently being piloted. In this context, coordination 

between local communities and government institutions constitutes critical success.

The results also highlight the importance of considering factors such as educational level, economic 

conditions, and digital literacy, since neglecting these aspects may lead to resistance or system 

abandonment, as reported in previous studies (47) y (48).

In this regard, a future line of work involves incorporating complementary functionalities, such 

as access to social programs and health-related services, with the aim of increasing community 

participation and engagement, in accordance with recommendations found in the literature (32).

SARA differs from existing solutions by focusing on local governance, transparency, and the 

comprehensive management of rural community projects, covering phases such as planning, 

funding, execution, and accountability. In contrast, many existing platforms focus primarily on 

agricultural productivity.

The results obtained during the preliminary evaluation suggest that the system effectively addresses 

these needs, particularly in terms of perceived usefulness and ease of use. These findings are 

consistent with studies emphasizing the importance of involving beneficiaries in the design and 

evaluation of technological solutions for rural environments (49) (50) y (51). In this sense, the 

methodology adopted in SARA, based on iterative cycles and community participation, contributes 

to strengthening the relevance and suitability of the artifact.

https://doi.org/10.4324/9781003194798-11
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From a social perspective, SARA promotes sustainability and is aligned with the Sustainable 

Development Goals (SDGs) (5), particularly Goal 11 related to sustainable communities. It also 

contributes indirectly to other goals associated with poverty reduction, inequality reduction, and 

institutional strengthening. SARA was also conceived in accordance with OECD recommendations 

for rural development in Colombia, which highlight the importance of territorial governance, 

institutional coordination, and community participation as key drivers of local development (52).

Finally, the adoption process should consider behavioral models that incorporate factors such as 

trust, social influence, and perceived usefulness, particularly among rural youth populations (13). 

These elements, together with previous experiences in technology appropriation within similar 

contexts (39), provide a foundation for guiding future implementation and sustainability strategies 

for the system (53).

Conclusions
This paper presented SARA, a system designed to support the management of rural community 

projects, developed through a methodological approach that integrates exploratory research, 

Design Science Research (DSR), and iterative processes of construction and evaluation.

Unlike solutions primarily focused on agricultural productivity, SARA addresses project governance 

by incorporating planning, execution, monitoring, and accountability mechanisms that respond to 

specific needs within rural contexts.

The results obtained during the pilot implementation indicate that the system satisfies usability and 

usefulness criteria. Furthermore, its process-oriented design and cloud-based architecture support 

scalability and adaptability across different communities. The incorporation of a participatory 

development approach also contributes to improving its relevance in environments characterized by 

technological limitations and resistance to change.

Nevertheless, the study presents limitations related to the scope of the evaluation, which was 

conducted within a specific context and involved a limited number of users. As future work and 

considering that the system currently corresponds to a Technology Readiness Level (TRL) 4, further 

validation in new deployment scenarios is planned, together with the development of technology 

appropriation strategies, including training pro-grams, incentive mechanisms, and integration with 

public policies. These actions are expected to strengthen the long-term impact of SARA on the 

management of rural community projects.
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