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ABSTRACT   

Higher education institutions in the region face limitations in the traceability, management, and auditing of 

research proposals due to the use of office forms, scattered files without centralization, and a lack of 

integration and control. In response to this shortcoming detected at Unidades Tecnológicas de Santander 

institution, a web application was implemented to optimize the capture, organization, and evaluation of 

research ideas, strengthening the institutional research ecosystem and mitigating the problem presented. The 

overarching aim was to design and implement a technological tool that would ensure efficiency, security, 

and scalability in the management process of research ideas. The study adopted a qualitative approach with 

a descriptive, cross-sectional, and non-experimental scope; it was framed within Design Science Research, 

supported by the Model-View-Controller architecture, as well as technologies including Laravel, PHP, and 

MariaDB for technological development. The implemented system enabled the automation of key tasks such 

as code assignment, internal audits, and notifications, which significantly improved traceability and real-time 

information access. It is concluded that the proposed development constitutes a replicable and relevant 

solution for higher education institutions facing similar challenges in research management. 
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1. Introduction 

Efficient management of research ideas and projects is essential in higher education institutions (HEIs) to foster 

academic and technological innovation. It has been demonstrated that a well-structured system for the 

management of ideas strengthens not only the formative research processes, but also institutional innovation, 

allowing a better identification, evaluation and development of proposals aligned with the strategic objectives 

of HEIs [1], [2]. 

Several university environments continue to rely on basic office automation tools for these processes [3]. Such 

is the case of the Dirección de Investigación y Extensión (DIE) of the Unidades Tecnológicas de Santander 

(UTS), which faced technical and administrative limitations due to the use of Microsoft Forms and Excel 

spreadsheets for recording, storing and analyzing research ideas. These tools presented serious restrictions in 

traceability, cross-validation, process auditing and strategic information visualization. 

This highlights a significant gap between the increasing institutional need to systematize the generation of 

research project ideas and the digital solutions currently implemented. Solving this problem is crucial, since it 

allows moving towards a transparent, automated and results-oriented knowledge management, which has been 

identified as a priority in recent literature on technological governance in HEIs [4]. 

https://creativecommons.org/licenses/by/4.0/
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In this context, the purpose of this research was to design and implement a web application that would optimize 

the processes of capture, organization, evaluation and feedback of research ideas, responding to the real 

technical and functional requirements of the DIE-UTS. The development was approached from a descriptive 

approach with technological design, under the cascade life cycle model and using modern technologies such as 

Laravel, PHP and MariaDB. 

As relevant background, two related developments were identified at the local level. The first was an application 

created by students of the Universidad Nacional Abierta y a Distancia (UNAD), oriented to the registration of 

institutional agreements through a secure and centralized platform [5]. The second, corresponds to the project 

of the Kerverux seedbed at UNIMINUTO, focused on the management of student projects through a basic 

information system [6]. Although these efforts served as a foundation for this work, the present application 

stands out for its greater functional robustness, integration with internal audit processes, and automation 

capacity. 

Some of the studies and works on Idea Management Systems (IMS) have evolved in the last decade, positioning 

itself as a key field in corporate and academic environments. According to [7], although there are multiple 

models and guidelines for implementing IMS, a comprehensive framework that combines clear phases of idea 

capture, filtering, evaluation and feedback has not yet been consolidated. This, refers a theoretical gap that is 

often transferred to HEIs, where the adoption of comprehensive technological solutions for proposal 

management is limited and fragmented. Studies, such as [8], have explored the impact of IMS systems in 

corporate environments, finding that the types of platform and incentives (financial, symbolic or mixed) affect 

both the quantity and quality of ideas generated for the realization of research projects. This suggests that, in 

the academic context, the development of the application should consider feedback in this sense; an element 

that is not currently contemplated in the management model at UTS. 

On the other hand, studies by [9] and [10] have highlighted the importance of integrating IMS within the 

institutional digital ecosystem, facilitating knowledge management and promoting sustainable innovation 

practices. In particular, these authors document technological architectures that combine modules for capturing, 

analyzing and coordinating ideas, overcoming the functional dispersion observed in office tools. In education, 

[11] showed how the use of Web 2.0 technologies fostered knowledge sharing among students, promoting 

collaborative and active learning environments. This approach supports the use of an IMS that not only collects 

ideas but also facilitates fluid communication and timely feedback among members of the academic community. 

Likewise, the review presented by [12] on idea mining suggests that integrating automated analytics, artificial 

intelligence and natural language processing techniques strengthens the identification of patterns in research 

proposals, an opportunity not explored in traditional office systems. This opens the possibility of enriching the 

web application with intelligent modules for content analysis, scaling and systematization of ideas received. 

Finally, studies on electronic brainstorming (EBS) show that the use of digital platforms allows for greater idea 

generation, anonymity, archiving and collaborative reviews, overcoming the restrictions of face-to-face 

sessions. These benefits indicate that an IMS should incorporate tools for asynchronous capture and controlled 

anonymity, supported by a centralized database, auditing capabilities, and traceability-all elements absent in the 

current LTSU system [13], [14]. These shortcomings and opportunities justified the development of the web 

application at DRE-TUS, which sought to replace fragmented office automation tools with an integrated, 

audited, and interactive platform aligned with institutional innovation practices. 

2. Research method  

This research is part of a qualitative study, because it allows us to closer insight into the context of the situation 

and the specific needs of research management office; likewise, response a descriptive study because allows us 

to characterize the situation in question in a particular way; that is it is a non-experimental study that describes 

the situation at a specific moment in time, as is done in a cross-sectional study [15]. In addition to the above, 
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the research design (method) is determined by Design Science Research (DSR) [16], which focuses on practical 

problem solving and theory building in computer science and engineering. 

The general aim of this study is to implement a web application for managing the bank of ideas for research 

projects related to the missionary activity of the research and extension department of the Santander 

Technological Units. To achieve the general aim, the following specific aims are proposed: a) to identify the 

technical, functional, and non-functional requirements of the web application; b) to design the user interface 

and the database using the Model-View-Controller (MVC) architectural pattern; c) to develop the modules of 

the web application, the API, and the database utilizing PHP, Laravel, jQuery, CSS, and MariaDB as the data 

repository; d) to validate the operation of the application through functionality tests, API navigation, and desktop 

tests. These stages were carried out in accordance with the guidelines of Design Science Research (DSR). 

The identification of requirements began with the conduct of semi-structured interviews and collaboration with 

the head of the DIE-UTS, exploring perceptions that enabled an in-depth understanding of the institutional 

challenges and needs [17]. The research aims to describe the current state of the management system using 

forms and Excel files, in order to establish the characteristics of the implemented technological development, 

without assessing causal relationships. 

This method proved suitable, as the functional and non-functional requirements of the web application were 

clearly established from the outset [18]. Data collection was conducted at a specific point in time during these 

initial diagnostic / requirements phase, through meetings and focus group interviews with those responsible for 

the institutional process. In this participatory context, the key functional and non-functional requirements for 

system development were identified, thus minimizing the need for iterations and structural changes throughout 

the process [19]. 

In the second phase process, the design was initiated by adopting the Model-View-Controller (MVC) pattern, 

utilizing Laravel as the framework. This architecture enabled a clear separation of business logic (model), user 

interface (view), and application control flow (controller), thereby improving scalability, maintainability, and 

code reuse. This design pattern is widely recognized as best practice for developing modern web applications. 

Its use supports modular work, facilitating the integration of new functionalities and the correction of errors 

without compromising the entire system [20]. Furthermore, when implemented on robust frameworks such as 

Laravel, advanced tools for security, session management, data validation, and authentication are enabled; 

features that are essential in institutional systems [21]. Within the context of this project, this architecture 

allowed for a logical organization of code, reduced structural complexity, and facilitated the functional 

validation of individual modules such as idea management, user management, audits, and filters. This technical 

decision directly contributed to the project's aims, ensuring a secure, maintainable, and scalable solution. As 

components of this phase, use case diagrams were developed for each module (ideas, users, audit, API), as well 

as flowcharts and class diagrams to clarify component interactions. Additionally, the user interface was designed 

using Bootstrap and the AdminLTE template. The technical design was validated in internal sessions prior to 

proceeding to the development phase. 

The development and implementation phase began with system coding using PHP, HTML5, CSS3, and 

JavaScript, supported by technologies such as Composer, Git Bash, and XAMPP. The system’s functional 

modules were constructed, including user authentication, role-based access control, idea management, 

automated audit of actions, and report generation. A RESTful API was integrated to allow for external 

consumption of structured information. In addition, form validations and basic security measures, such as input 

sanitization and session management, were configured. 

The final phase process, involved testing and deployment of the application. Functionalities were validated 

through a checklist applied to each developed module, verifying the correct execution of CRUD operations 

(Create, Read, Update, Delete), filters, exports, and the behavior of notifications. Testing was performed in a 

local environment (localhost) and included access verification, role review, data loading, and auditing. All 
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defined functional requirements were successfully validated. Minor errors were documented and corrected prior 

to delivery and deployment of the application. The system was delivered to the Dirección de Investigación y 

Extensión (DIE-UTS) for installation in an institutional testing environment. Basic training sessions were 

provided to administrative users, and the system structure, database, and user and installation manuals were 

fully documented. This phase concluded with the formal closure of the development process and the delivery 

of the defined products. 

3. Results  

The development of the Ideas UTS system produced a robust technological solution for the management of 

research ideas, addressing needs identified in the DIE of UTS. The results include not only the compliance of 

functional requirements, but also the consolidation of a scalable and traceable architecture, validated through 

graphical representations of the design, specific code, functional tests and a complete relational model. 

3.1. Identification of application requirements 

The first result obtained refers to the identification of the functional and non-functional needs of the application 

and limitations of the old system based on forms and spreadsheets. The system requirements, organized into 

functional (registration, consultation, export, notifications, code assignment, restricted access) and non-

functional (user-friendly interface, performance, security), are described in Table 1. 

Table 1. Functional and non-functional system requirements 

Request Type of request 

Registration of ideas and projects 
Functional 

Export information of the ideas by program 
Functional 

Allow the assignment of the BI code to the project or idea that is approved Functional 

Allow the visualization of the approved ideas Functional 

Manage status  Functional 

Notify via e-mail when a new idea or project is registered Functional 

Notify the teacher when the idea or project is approved or rejected. Functional 

Allow access to the system for the registration of ideas or projects only to 

authorized users. 

Functional 

The user interface should be user friendly and intuitive navigation. 
Non Functional 

 

3.2. System architecture and project hierarchy 

The system was implemented following a Model-View-Controller (MVC) architecture pattern, organized 

hierarchically in directories corresponding to controllers, models, views, routes, middleware, and auxiliary 

components. This organization allowed a clear separation of responsibilities, greater maintainability and internal 

consistency of the code. 

The project hierarchy includes more than 12 controllers (e.g. IdeaController, UserController, AuditController), 

multiple Eloquent ORM models (Idea, User, Faculty, Line) and more than 25 views organized by module. The 

routing files were defined in web.php and api.php, integrating access control logic through middleware such as 

author, role, and permission. As shown in Figure 1. 
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Figure 1. Directory tree and structure of the UTS IDEAS Project, generated in Visual Studio Code. 

 

3.3. Entity-relationship model and database design 

The Entity-Relationship Model (ERM) was designed to ensure referential integrity, query efficiency and 

consistency between entities. The system contemplates entities such as ideas, users, roles, faculties, programs, 

groups, audits, with one-to-many and many-to-many relationships. Normalization reached third normal form, 

avoiding redundancies and ensuring consistency. MariaDB with InnoDB support was used, which enabled 

transactional integrity. Figure 2 shows the entity-relationship model generated. 



 PEN Vol. 14, No. 2, April 2026, pp.115-126 

120 

 
Figure 2. Entity-relationship model used in the IDEAS UTS Project 

3.4. Flowcharts and use cases 

Flow diagrams were developed to represent the information path from the entry of an idea to its evaluation. 

These diagrams reflect the interaction of the researcher, the auditor and the system administrator as shown in 

Figure 3. 

 
Figure 3. Example of use case used in the design of the IDEAS UTS application. Actions and functionalities 

of the administrator in the project ideas module 
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Use case diagrams were developed, differentiated by role. For example: 

- The researcher can record, edit, and query ideas. 

- The auditor can audit, approve or reject ideas. 

3.5. Automated auditing and access control 

Each user action is recorded in an audit table (audits), including: user, action, date and description. This module 

was implemented with Laravel Observers, which allows logging events in key models without altering the logic 

of controllers. 

Access control is done with the Spatie/Permission package, implementing 3 roles: investigator, auditor and 

administrator. Each permission is linked to specific actions on entities, ensuring security and traceability. 

3.6. Functional verification 

The functional verification of the system was performed by means of a checklist designed to establish 

compliance with basic actions (CRUD) and specific functions in each module of the application. This validation 

was developed in a test environment, applying the available actions for each entity of the system. 

The results show compliance with the planned functionalities, guaranteeing the operability and stability of the 

system at the administrative, investigative and security levels. Summarizes the implemented actions and their 

final validation by module are described in Table 2. These actions include: 

- The correct functioning of filters by status, program, line, group, and regional. 

- The automatic generation of unique alphanumeric codes. 

- The appropriate response of the system to erroneous actions (validation in forms). 

- The complete or filtered export of information. 

This functional validation demonstrates that the Ideas UTS system meets the expected operational standards for 

its initial release, establishing a solid foundation for future functional extensions and integrations with other 

institutional systems. 

 

Table 2. Summarizes the implemented actions and their final validation by module 

Module Sub-modules/Entities managed Verified actions Result 

Academic 

Management 

Regional, Faculties, Academic 

Programs  

Add, Filter, Edit, Delete, 

Export 
Complies 

Research 
Groups, Lines, Programs, 

Categories, Products 

Add, Filter, Edit, Delete, 

Export 
Complies 

Idea Management Research Ideas 
Add, Filter, Edit, Delete, 

Export 
Complies 

Security and 

Control 

Users, Roles, Permissions, 

Restrictions 

Add, Filter, Edit, Delete, 

Export 
Complies 

 

3.7. Verification by system users 

To verificate the usability of the system during the deployment and testing stage with DIE users, the Nielsen 

heuristic method was applied [22]. This technique is part of a user-centered design process, identifying the 

usability of a software, platform or website. This process was applied to a group of users who are experts in 

usability, being the director of the DIE, the coordinator of the UTS repository, the research support teacher and 

2 professionals in charge of the management and use of the platform, directly linked to the research project, 

obtaining the following results described in Table 3: 
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Table 3. Checklist of characteristics associated with the Nielsen heuristic process 

Characteristics Director  Coordinator Support Prof 1 Prof 2 

Does the main view of the “Ideas TUS” 

application reflect the institutional identity and 

belonging? 

Y Y Y Y Y 

Does the current system refer a substantial 

improvement with the previous one? 
Y Y Y Y Y 

The work with the platform was simple and 

intuitive in its use? 
Y Y N N Y 

Does the access and navigability of the platform 

meet the requested standards? 
Y Y Y Y Y 

The system has security protocols for access and 

navigation of the platform? 
Y Y Y Y Y 

Is the information in the application visible, 

easily accessible and retrievable? 
Y Y N N N 

In general terms, is the system flexible and 

efficient in its use? 
Y Y Y Y Y 

Is the overall design of the platform in harmony 

with the process? 
Y Y Y N N 

Does the platform have a help section and a user 

manual? 
Y Y Y Y Y 

Does the platform adapt to different types of 

devices and screen sizes? 
Y Y Y Y Y 

 

3.8. Additional results and institutional feedback 

During the deployment, new needs were identified through end-user assessment using the Nielsen technique: 

- Inclusion of a graphic analysis module of ideas by category. 

- Uploading of attachments (preliminary projects or technical data sheets). 

- Observation history per idea for iterative follow-up. 

These needs were documented as requirements for a second version of the system. 

As a final result, an operative, secure, scalable and functional web application was obtained, aligned with the 

management needs of the UTS Research Department. This development presents a substantial improvement 

over the previous system based on office automation elements in terms of traceability, access control, data 

export and auditing of ideas. The information system is functional and available at the following electronic 

address: https://ideas.repositorio-uts.net/. 

4. Discussion  

In accordance whit [20], the development and implementation of the Ideas UTS system responds to a concrete 

need in higher education institutions that refers to the absence of integrated platforms for the strategic 

management of research ideas. Its contribution is not limited to functional compliance, but demonstrates how a 

defined architecture with rigorous technical implementation can generate significant impacts on efficiency, 

traceability and institutional control. 

Compared to previous solutions, the developed web application differs substantially by incorporating automated 

auditing, a REST API, and granular permission control. In contrast, [5], [6] proposed operational applications 

https://ideas.repositorio-uts.net/
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for internal environments. The “Ideas UTS” platform proposes a scalable solution that can be connected to other 

institutional systems, such as internal calls, repositories or monitoring systems. 

In line with [21], this system articulates capture, control, and feedback components on an institutional academic 

management core. Its MVC architecture, validated as the most flexible in medium and large scale project [20], 

allowed not only a robust implementation, but also a preparation for future business intelligence integration. 

Another aspect to highlight is the automation of auditing, aligned with international standards of traceability 

and technological governance [23], which is rarely considered in similar projects. This strengthens institutional 

trust and improves accountability in the research ecosystem. 

However, the system was not subjected to load tests or usability validations with metrics such as the System 

Usability Scale (SUS), which limits systematic understanding of user perceptions regarding accessibility, 

navigability, or learning time [24]. In addition, an evolutionary maintenance protocol for new versions of the 

system has not yet been defined. 

Additionally, unexpected results, such as institutional requests for new, unanticipated functionalities, suggest a 

high degree of ownership. This finding is consistent with that described by [7], [12], who indicate that 

operational IMS systems tend to expand based on their acceptance and actual use.. 

Consequently, this research project not only proposes a functional technological tool, but also shows how the 

appropriation of digital technology oriented to research processes can trigger dynamics of sustained institutional 

innovation [20].  

5. Conclusions  

The development of the Ideas UTS system constituted an effective and contextualized technological response 

to the institutional needs for managing research ideas in a higher education institution. Its rigorous technical 

design and its alignment with the operational logic of the Directorate of Research and Extension substantially 

improved traceability, control, efficiency and transparency in the registration, auditing and monitoring of 

proposals. 

The use of Design Science Research, supported by the Model-View-Controller architecture, proved to be 

suitable in contexts where requirements are well defined from the outset and the institutional environment 

requires formal and traceable deliverables. However, the experience also suggests that future iterations could 

benefit from agile methodologies that allow for incremental adjustments based on early user feedback. 

Functional verification by module confirmed compliance with all technical and administrative requirements. In 

addition, institutional feedback revealed a positive appropriation of the system, which generated unforeseen 

requests such as the inclusion of graphic analysis, document uploading and follow-up of observations, 

evidencing the potential for scaling and evolution of the system. 

This research project represents a timely improvement in institutional research processes and contributes to the 

ecosystem of digital educational innovation. The experience is replicable and adaptable in other institutional 

contexts with similar project management challenges, thus strengthening digital governance and quality 

assurance in academic processes. It is recommended that the incorporation of analytical modules, data 

visualization tools and user experience validations with standardized metrics be evaluated in future phases. It is 

also pertinent to establish maintenance protocols, advanced security and interoperable expansion to consolidate 

the system as a sustainable institutional solution. 

Despite the successful implementation of the Ideas UTS system, some limitations were identified. First, the 

system was not subjected to performance or load testing, which may affect its scalability under high usage. 

Second, the absence of a defined protocol for evolutionary maintenance may hinder future updates. Finally, the 

system currently lacks integration with advanced analytics or artificial intelligence modules, which could 

enhance idea evaluation and feedback. 
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