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Abstract
Objective: The study proposes a protocol for the standardization of databases of technological solutions related to COVID-19, aiming to improve interoperability, transparency, and the use of these data as an information source for open innovation.

Methodology: A protocol was developed that defines standardized data formats, inclusion and exclusion criteria, and interoperability guidelines, applied to INPADOC (International Patent Documentation) data. Use cases were analyzed to assess the impact of standardization on the aggregation and sharing of technological information.

Originality: The research contributes by proposing a structured and replicable model for the integration of technological data, addressing the lack of uniform standards that hinder comparison and international cooperation in health crisis contexts.

Main results: The application of the protocol showed significant improvements in data interoperability and aggregation, strengthening interinstitutional and international collaboration. It also revealed the potential for discovering new technological routes and enhancing strategies for responding to health emergencies.

Theoretical contributions: The study broadens the debate on data management in global crises by demonstrating that the standardization of technological databases is an essential condition for the effectiveness of open innovation and for scientific advancement in public health and technology.
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Resumo
Objetivo: O estudo propõe um protocolo para padronização de bancos de dados de soluções tecnológicas relacionadas à COVID-19, visando aprimorar a interoperabilidade, a transparência e o uso desses dados como fonte de informação para a inovação aberta.

Metodologia: Foi desenvolvido um protocolo que define formatos normalizados de dados, critérios de inclusão e exclusão e diretrizes de interoperabilidade, aplicado aos dados do INPADOC (International Patent Documentation). Casos de uso foram analisados para avaliar o impacto da padronização sobre a agregação e o compartilhamento das informações tecnológicas.

Originalidade: A pesquisa contribui ao propor um modelo estruturado e replicável de integração de dados tecnológicos, respondendo à ausência de padrões uniformes que dificultam comparações e cooperação internacional em contextos de crise sanitária.
Principais resultados: A aplicação do protocolo mostrou ganhos significativos na interoperabilidade e na agregação dos dados, fortalecendo a colaboração interinstitucional e internacional. Observou-se ainda o potencial de descoberta de novas rotas tecnológicas e aprimoramento das estratégias de resposta a emergências sanitárias.

Contribuições teóricas: O estudo amplia o debate sobre a gestão de dados em crises globais ao demonstrar que a padronização dos bancos de dados tecnológicos é condição essencial para a eficácia da inovação aberta e para o avanço científico em saúde pública e tecnologia.

Palavras-chave: Soluções tecnológicas da Covid-19. Patente. Protocolo. Padronização de banco de dados. Fonte de informação. Inovação aberta.

Resumen
Objetivo: El estudio propone un protocolo para la estandarización de bases de datos de soluciones tecnológicas relacionadas con la COVID-19, con el objetivo de mejorar la interoperabilidad, la transparencia y el uso de estos datos como fuente de información para la innovación abierta.

Metodología: Se desarrolló un protocolo que define formatos de datos estandarizados, criterios de inclusión y exclusión, y directrices de interoperabilidad, aplicado a los datos del INPADOC (International Patent Documentation). Se analizaron casos de uso para evaluar el impacto de la estandarización en la agregación y el intercambio de información tecnológica.

Originalidad: La investigación contribuye al proponer un modelo estructurado y replicable para la integración de datos tecnológicos, abordando la falta de normas uniformes que dificultan la comparación y la cooperación internacional en contextos de crisis sanitaria.

Principales resultados: La aplicación del protocolo mostró mejoras significativas en la interoperabilidad y la agregación de los datos, fortaleciendo la colaboración interinstitucional e internacional. También se evidenció el potencial para descubrir nuevas rutas tecnológicas y mejorar las estrategias de respuesta ante emergencias sanitarias.

Contribuciones teóricas: El estudio amplía el debate sobre la gestión de datos en crisis globales al demostrar que la estandarización de las bases de datos tecnológicas es una condición esencial para la eficacia de la innovación abierta y para el avance científico en salud pública y tecnología.

Palabras clave: Soluciones tecnológicas de la COVID-19. Patente. Protocolo. Estandarización de bases de datos. Fuente de información. Innovación abierta.

[bookmark: _Toc195260438]1 Introduction
There has been a growing increase in the amount of data available for analysis across various technological fields, with patent data analysis standing out as a valuable source of information. Technological advancements have led to both challenges and an increasing need to manage the content of knowledge bases (Abbas et al., 2014).
Patent data are extensive, and organizations use them in multiple ways — for example, to verify patent novelty, analyze technological trends and developments, extract information, identify technological routes, or explore promising innovations (Abbas et al., 2014). Thus, it is undeniable that patents are valuable sources of information related to technical innovations (Abraham & Moitra, 2001; Zotan & Audretsch, 1989; Janavi & Emami, 2020).
However, the analysis of these documents — which involve large volumes of data (Zhang & Liu, 2020) — requires intelligent tools capable of retrieving and representing information clearly (Abbas et al., 2014). Such documents consist of structured and unstructured data: the former refers to consistent and standardized data (such as patent number, filing date, IPC classification, cited patents, assignees, and inventors), while the latter includes descriptive texts (title, abstract, claims, and description) (Zhang & Liu, 2020).
When extracting patent data from different intellectual property offices, one often encounters an immense amount of information that is commonly unstandardized, especially the structured data. The lack of standardization hinders the understanding of relevant insights that patents may provide. Therefore, discussing the management and standardization of patent data is essential to optimize information analysis and facilitate the integration of diverse sources, ensuring a reliable tool.
Data standardization facilitates the integration of different information sources, improves analytical accuracy, and supports strategic decision-making in companies, research institutions, and government agencies. Considering the context of challenges and the need for rapid action — as observed during the COVID-19 pandemic crisis — this study aims to propose a protocol for the processing and standardization of technological data on patent-based solutions, focusing on this infection as a source of information for open innovation.
Developing a standardized database protocol is a critical challenge, as it involves harmonizing heterogeneous and often inconsistent data that may vary in format, quality, and origin. Standardization is essential to ensure interoperability among different systems, yet the diversity of schemas and the lack of consensus on standards can lead to the loss of valuable information and difficulties in integration (Batini & Scannapieco, 2016). Furthermore, automating this process is complex and requires advanced techniques to address ambiguities and inconsistencies inherent to the data (Doan, Halevy & Ives, 2012).
Structuring a standardized database of COVID-19 technological solutions plays an important role in promoting open innovation, especially in global health crisis contexts. Such a database not only consolidates the developed technical and scientific knowledge but also facilitates access to and dissemination of critical information among researchers, companies, and public institutions. By centralizing this knowledge, it becomes possible to accelerate the development of new technologies, avoid duplication of efforts, and foster collaborations that may lead to faster and more effective innovations in combating the pandemic. As highlighted by Liu et al. (2022), the accessibility and transparency of patent data are essential to maximize the impact of research and development in health emergency scenarios, as they allow for broader and more integrated analyses of available technologies, enhancing their practical application in addressing emerging challenges.

[bookmark: _Toc195260439]2 Theoretical framework
COVID-19 was the first contemporary disease to generate an extensive amount of accumulated data, resulting in a valuable source of information (Biancolella et al., 2023). Promoting open innovation is essential for crisis management, as it mobilizes technologies and resources to rapidly develop innovations (Onyango & Ondiek, 2022). By enabling research processes, data sharing is crucial for an effective pandemic response (Ritto et al., 2024); thus, the development of methodologies that allow the creation of new databases becomes essential.
Patents are documents that describe inventions (Noh & Lee, 2020), and within cooperative innovation networks, they can reduce R&D costs, promote resource sharing, and facilitate technology diffusion (Jialu et al., 2021). There is a strong relationship between patent data and open innovation analysis (Cammarano et al., 2022). When open innovation is supported by governmental policies, innovations are developed more rapidly and effectively (Patrucco et al., 2022). During the pandemic, countries that adopted open innovation generated a greater number of innovations, with collaborative platforms proving to be effective tools for promoting accelerated innovation in times of crisis (Patrucco et al., 2022).
The patent system grants inventors temporary rights over their creations, protecting them from copying and allowing the disclosure of their inventions (Holgersson & Granstrand, 2017). As intangible assets, patents provide inventors with market exclusivity, which gives them significant commercial value (Liu et al., 2022). In the context of open innovation, patent data metrics become even more relevant for measuring R&D productivity, as firms tend to place higher value on patenting within open arrangements (Holgersson & Granstrand, 2017). For innovative companies, patents act as facilitators of open innovation (Holgersson & Granstrand, 2017).
Open innovation has the potential to accelerate innovation efforts during crises (Chesbrough, 2020). The lessons learned from this process are valuable for managing innovation even after the crisis ends. Therefore, studying the impact of open innovation in relation to patents is fundamental to understanding firm performance, minimizing resource waste, and supporting the value they create (Patra, 2023). Patent citation can be used to explore the flow and sharing of knowledge within open innovation, although it remains challenging to establish clear standards for this analysis (Suh & Jeon, 2019). Open innovation involves the ability to connect with diverse external agents as sources and opportunities for innovation (Suh & Jeon, 2019), making it necessary to deepen the analysis of patent documents to better understand this process.
There is a positive relationship between the openness of processes for open innovation and innovation capacity (Capone & Innocenti, 2020). However, it is not the number of collaborations that fosters innovation, but rather the quality of those collaborations (Capone & Innocenti, 2020). Furthermore, there is a positive correlation between the quality of scientific publications and the number of patents, making patents important indicators in the promotion of innovation (Liu et al., 2022). Patent analysis includes understanding the relationships between various indicators, such as social networks, which can represent network connections or cluster density (Borgatti et al., 2009; Liu et al., 2022).
Even with advances in digitization and the availability of patent data, there are still significant challenges in organizing and harmonizing this information. Initiatives such as the creation of unified dashboards and databases are essential to overcome these barriers and provide a comprehensive and integrated view of patent activity. Thus, the creative and open management of intellectual property, combined with the sharing of experiments by scientists (Chesbrough, 2020), reinforces the relevance and justification of this study.

[bookmark: _Toc195260440]3 Method
The database of technological solutions for COVID-19 was composed of patents collected from the Derwent Innovation platform, specifically INPADOC, which consolidates patent information from various offices around the world. The period considered was from January 1, 2020, to December 31, 2022. The search strategy used was: ("COVID*" OR "coronavirus disease 2019" OR "coronavirus pneumonia" OR "novel coronavirus disease" OR "COVID" OR "COVID disease" OR "COVID virus" OR "coronavirus pandemic" OR "SARS-CoV-2" OR "coronavirus 2" OR "novel coronavirus" OR "COVID virus" OR "SARS2" OR "Wuhan coronavirus"). Data were extracted in table format, with a maximum of 60,000 INPADOCs per table.
Data collection from the Derwent Innovation platform was carried out to ensure the comprehensiveness and representativeness of the database regarding technological solutions for COVID-19. The choice of this platform is justified by its high level of standardization and the depth of its patent data when compared to other free databases. Moreover, it provides robust functionalities for searching, filtering, and analyzing data, and—most relevant to this study—it offers broad global coverage of patent documents, often more extensive and up to date than other databases (Clarivate, 2023). The use of INPADOCs, which are patent families, enables a more robust analysis by considering geographical and temporal variations in filings, thereby expanding the perspective on technological development throughout the pandemic. This approach ensures that the analysis includes not only patents filed in different countries but also those developed in diverse contexts and emergency situations.
Scientometric studies based on patents serve as data sources to explore the current state of the art in a given technological field. According to the European Patent Convention, the state of the art encompasses all knowledge or technology related to a given innovation, made public in written or oral form, through use, or by any other means, prior to the filing of a patent (Hirata et al., 2015).
To facilitate data processing and analysis, extraction was performed in table format. This data structure enables the application of advanced techniques such as data mining, network analysis, and technological route mapping—essential for identifying patterns, trends, and gaps in innovations related to COVID-19. Additionally, the tabular format facilitates research replicability, ensuring that results can be validated by future studies and providing greater consistency to scientific findings.
It is important to highlight that a patent document provides the necessary description for reproducing what is being patented, as well as information on patent families, prior knowledge, geographical applications, among other indicators. Furthermore, the acceptance of a patent is conditioned upon the establishment of the state of the art—that is, the search for prior art related to a given invention must ensure its novelty (Masiakowski & Wang, 2013; Quoniam et al., 2014). Therefore, patent filings must precede even scientific articles describing the knowledge underlying the invention.
In this study, data science techniques were adopted for the development of the protocol. Initially, a survey and critical analysis of the main standards and frameworks existing in biomedical databases and information management systems were conducted to identify gaps and opportunities for standardization.
Subsequently, data modeling and ontology techniques were applied to structure the protocol, ensuring interoperability and compliance with health system requirements. The protocol was validated through an experimental case study using a real database on technological solutions for COVID-19, in which efficiency, consistency, and scalability criteria were applied to evaluate the effectiveness of the proposed protocol. Finally, the protocol development steps were thoroughly documented to ensure replicability and adaptability in different public health contexts.
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[bookmark: _Toc195260442]The following subsections propose and detail the stages of the standardization protocol for the COVID-19 technological solutions database as an information source for open innovation. It is worth emphasizing that open innovation, a concept introduced by Chesbrough (2006), refers to the generation and utilization of ideas both internal and external to organizations. This concept emerged as an essential competitive strategy in certain sectors, including information technology (Dodgson et al., 2006; Zien & Buckler, 2003).
The protocol’s stages enable standardized and structured manipulation of the database, establishing a systematic foundation for future analyses and studies on collaboration networks and technological routes based on patent data. The following sections describe these stages in detail.
4.1 Configurations and tools used for data manipulation from the Derwent database and computational environment

For the manipulation of the original Derwent database, a computer with the following specifications was used: Operating System Ubuntu 24.04 LTS, 64-bit System Type, Acer Aspire A515-57 model, 12th Gen Intel Core i5-12450H x12 processor, 16.0 GiB memory, and Intel Graphics (ADL GT2).
The programming language selected was Python (Python Software Foundation, 2023), with the Pandas library (McKinney, 2010) for data manipulation. The integrated development environment (IDE) used was Jupyter Notebook (Kluyver et al., 2016), which provides an intuitive interface combining code, text, visualizations, and interactive elements.
Jupyter Notebook is an ideal tool for data science tasks, as it combines report text with executable code, facilitating the publication of reproducible research (Kluyver et al., 2016). Although the format alone does not guarantee reproducibility (Pimentel et al., 2019), documenting processes with results is extremely valuable for this purpose. Its format facilitates exploratory data analysis (Perkel, 2018), which has made it the most widely used system for interactive literate programming (Shen, 2014). Because of its use in experiments and data analysis, Jupyter notebooks must be reproducible and made available on open platforms for consultation and replication of experiments (Perkel, 2021).
[bookmark: _Toc195260443]4.2 Data division and preparation
In Data Science, data quality is essential for validating research, significant discoveries, and machine learning models. However, raw data are often incomplete, noisy, inconsistent, and sometimes in unsuitable formats. Therefore, before being used in models and other research stages, it is crucial to verify data integrity and identify potential issues—a process known as data preprocessing. Preparing data means adapting them for research processes using preprocessing techniques that include Data Cleaning, Data Integration, Data Transformation, and Data Reduction (Pimentel et al., 2021).
Data Cleaning removes noise and corrects inconsistencies; Data Integration combines data from multiple sources into a coherent repository; Data Transformations, such as normalization, improve the accuracy and efficiency of algorithms involving distance measurements; and Data Reduction decreases data volume by eliminating redundant features. This section describes these technical stages using examples based on real data (Pimentel et al., 2021).
To mitigate performance issues during processing, the initial step involved segmenting the original Derwent patent file. This file, in .xlsx format, contained 126 variables and 18,424 predominantly textual observations. To facilitate data handling, it was divided into 40 smaller files in .csv format. This approach was essential due to the substantial size of the database. Moreover, the limitations of the available equipment made it unfeasible to process and treat the file in its entirety at once. For online availability, files up to 20 MB were chosen, a restriction imposed by the platform used (GitHub), which does not support uploads exceeding this file size limit.
The smaller files, once made available online, fully represent the original database and allow the use of lower-capacity hardware for future operations. The system used in this stage was an Acer Aspire A515-57 computer with Ubuntu 24.04 LTS Operating System, 64-bit type, 12th Generation Intel Core i5-12450H processor, 16 GB RAM, and Intel Graphics (ADL GT2). This configuration enabled efficient and cost-effective data manipulation.
 

[bookmark: _Toc195260444]4.2.1 Development and implementation of data manipulation scripts
During the standardization process, three essential computer programs (scripts) were developed for database manipulation.
The first script aimed to divide the original patent file into 40 smaller .csv files, a crucial step for efficiently managing the volume and complexity of the data (Figure 1).
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Descrição gerada automaticamente]
Figure 1- Division of the patent file

The second script was developed to extract and standardize the names of entities listed in the “Optimized Assignee” column. This process involved normalizing the names to eliminate inconsistencies and remove duplicate values, thereby optimizing the quality and usability of the data (Figure 2).
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Figure 2 - Extraction and standardization of entity names

Finally, the third script was used to create supporting variables (IDs) and integrate the original Derwent database with the newly normalized data, resulting in a unified database. This script played a key role in synthesizing the processed data, enabling more robust and integrated analyses. Collectively, the set of scripts significantly improved the handling, access, and analysis of patent data (Figure 3).
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Figure  3 - Data integration

Additionally, the first script performed a crucial supplementary function: the development of a variable dictionary that documents the initial characteristics of the database. Using the Python Pandas library, two key pieces of information were detailed for each variable: (1) a representative expression of the variable name and (2) the data type it stores. To further enrich the dictionary, these details were complemented with comprehensive descriptions of each variable extracted from a document provided by Derwent. The third column of the dictionary provides a deeper understanding of the information contained in the database, facilitating its interpretation and use by other researchers. 

[bookmark: _Toc195260445]4.2.2 Creation of the Variable Dictionary
The first script enabled the creation of a variable dictionary. For this purpose, the Pandas library was used, whose name derives from the English term Panel Data. Developed for the Python programming language, Pandas is widely used by data scientists because it offers high-performance data structures and tools for analyzing tabular and time series data, in addition to being easy to use (Paskhaver, 2021). Accordingly, the following information was extracted for each variable: (1) a standardized representative name and (2) its data type. These details were then supplemented with information from the Derwent document, adding a third column containing the description of each variable in the database.
The variable dictionary is a valuable tool for anyone working with the database, as it provides a clear view of the available variables and their characteristics. To ensure open and easy access, it is available for consultation in the data repository on GitHub, thereby facilitating collaboration and the advancement of new research (Figure 4).
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Figure 4 - Variable Dictionary

[bookmark: _Toc195260446]4.2.3 Standardization and Classification of Entities in the Database
The second developed script focused on standardizing the names of entities in the “optimized assignee” column of the database. This standardization was necessary due to the observation that the same entity could appear under different names in various records. For instance, the entity “UNIV FEDERAL DO PARANA” appeared in one record, while “UNIV FEDERAL DO PARANA UFPR” appeared in another, even though both referred to the same educational institution.
In addition to unifying the names, the script also introduced new variables (columns) to facilitate the identification of the nature of each entity, whether it was an organization or an individual. To enrich this classification, the process was based on the Open Innovation Theory, which allows entities to be categorized as: (a) universities and research institutes, (b) private companies, (c) government agencies, and(d) individuals (Chesbrough, 2003).
This classification is crucial for enabling more segmented future analyses. For example, the processed database can be filtered to select only specific types of entities, facilitating targeted studies such as analyzing networks of innovative collaboration that focus exclusively on organizations while excluding individuals. This process not only improves analytical precision but also increases the database’s usefulness for a broader range of investigations.
At the beginning of the standardization process, 15,065 entity names were identified in the original Derwent database. After implementing the standardization process, this number was reduced to 14,721 unique entities, eliminating 344 duplicates. However, it is possible that the number of duplicate entities could still be further reduced.
The database contains a significant number of individuals, and due to the absence of additional fields (such as ID numbers), precise identification of duplicates is challenging. For example, “Zhang Wei” and “Zhang Weiwei” were kept as separate records, since there was insufficient evidence to confirm whether they referred to the same person. Only in cases where differences in names were clearly attributable to typographical errors—such as between “ZAKI GEORGE ABDEL MESSIH” and “ZAKI GEORGE ABDELMESSIH” (in which the second name simply omits a space between “Abdel” and “Messih”)—was standardization performed. This conservative approach ensures data integrity by preventing the erroneous merging of records belonging to different individuals, thereby preserving the accuracy and reliability of the database for future queries.
Additionally, unique identifiers were developed for each standardized entity. This strategy was implemented to facilitate result interpretation across various analyses. By introducing the variable “optimized_id,” data presentation in tables, graphs, and diagrams was simplified—especially when entity names were lengthy. For example, instead of using the full name “TEKSMER EGITIM DANISMANLIK ARASTIRMA VE LABORATUVAR HIZMETLERI ANONIM SIRKETI,” the identifier “id_12318” was used.
Moreover, a variation of these unique identifiers was created by replacing the “id” suffix with a suffix reflecting the classification based on Open Innovation Theory. In the example mentioned, the identifier was adapted to “med_690,” where “med” indicates that the entity belongs to the category of medical units (such as laboratories and hospitals), and the number “690” designates that this entity is the six hundred and ninetieth of that type.
This identification methodology not only enhances the visual and organizational clarity of the data but also provides a coherent structure that facilitates detailed and specific analyses, allowing researchers to efficiently filter and examine data subsets. To optimize collaboration network analyses and future studies, a new column was implemented in the database assigning a unique identifier (ID) to each party involved. Furthermore, standardized entities were classified following a hierarchical structure based on the Open Innovation Theory. The categories were defined as detailed in Table 1.

Table 1
Distribution of standardized assignees (entities) based on Open Innovation Theory

	
CATEGORY
	SUFFIX
	
CLASS RANGE

	University – Universities/research institutions: Top priority was given to these institutions, recognizing their central role in research and development activities.
	uni
	1 até 1.134

	Research Institutions – Research institutions: Organizations dedicated to conducting scientific and technological research.
	res
	1 até 688

	Laboratory, Medical Center, Hospital – Medical units: Includes laboratories, medical centers, and hospitals, recognizing their importance in innovation, especially in applied and clinical research contexts.
	med
	1 até 790

	Company – Private companies: Commercial entities that do not fit into the first three categories but play a significant role in innovation are classified here.
	com
	1 até 4.634

	Government – Government bodies: This category encompasses entities ranging from military institutions to other government agencies involved in research and development activities.
	gov
	1 até 44

	Individual – Individuals: Researchers and inventors acting in an individual capacity.
	ind
	1 até 7.423

	Not Identify – Not Identify
	ni
	1

	Anonymous – Anonymous
	ano
	1 até 7



[bookmark: _Toc195260447]The application of this hierarchy ensures that, in cases where an entity could fit into multiple categories, it is classified according to the established priority. For example, if an entity can be identified both as an educational institution and as a government institution, it will be classified as an educational institution. Likewise, an entity operating as a private company but not fitting into higher-priority categories will be classified solely as a private company. This classification methodology prevents duplication and highlights the importance of universities and research institutes within the context of open innovation. Consequently, it allows for more precise and structured analyses capable of revealing significant insights into how different entities collaborate and contribute to the innovation ecosystem.
The standardization process resulted in the addition of several columns to the original Derwent database: “Optimized ID,” a unique identifier for each standardized entity name; “Open Innovation ID,” a unique identifier for each standardized name based on Open Innovation Theory; and “Optimized Assignee Standardized,” which represents the standardized version of the “Optimized Assignee” variable.
After standardization, missing data in the “Optimized Assignee” field were removed. From a total of 18,424 observations, 98 records were excluded, resulting in 18,326 records in the final database. Missing assignee fields may occur for several reasons, including data entry errors, pending assignments, confidentiality, data privacy regulations, source limitations, technical issues, intentional omissions, or delays in data processing (BitLaw, 2024; Sperry & Hammond, 2020; Burgy & Berkowitz, 2013).

4.2.4 Reintegration of Standardized Names and IDs into the Original Database
After completing the standardization process of entity names, the standardized names and IDs were reintegrated into the original database. This was done by creating a new column that organizes standardized names into lists, with each list representing a vector associated with the same patent publication number. This organized structure enables a clear visualization of the connections among entities linked to each patent publication, facilitating the analysis of how collaboration networks are formed within the patent landscape.
The new column containing standardized names becomes a valuable tool for future research, allowing scholars to gain deeper insights into collaboration dynamics and the interactions among entities involved in technological innovation. This approach not only improves data management but also enriches analytical possibilities using this structured database.
After adding the new variables to the original Derwent dataset, missing data in the “Optimized Assignee” field were once again removed. Initially, the database contained 18,424 patent records. After removing missing data, 18,326 records remained—meaning 98 records, or approximately 0.5% of the original dataset, were excluded.
There are multiple reasons for missing assignee data in patent applications, including:

a) Data entry errors: simple human mistakes in filling out forms can result in blank fields.
b) Not applicable: in some cases, no assignee is involved or identifiable at the time of filing, such as when the patent is requested by an individual inventor who retains ownership rights.
c) Pending assignment: if the patent application is still under review and the assignee has not yet been determined, the field may initially be left blank.
d) Public domain: if a patent enters the public domain, there will be no assignee since the invention is no longer protected by intellectual property rights.
e) Confidentiality: in certain cases, assignee information may be withheld to protect trade secrets or strategically sensitive information.
f) Data privacy regulations: depending on jurisdiction and applicable privacy laws, assignee information may be intentionally omitted.
g) Data source limitations: the data source may be incomplete or outdated, resulting in missing fields.
h) Technical issues: system errors in patent application management platforms can lead to unfilled fields.
i) Intentional omission: in rare cases, the assignee field may be intentionally left blank to avoid disclosing sensitive information or to preserve anonymity for strategic reasons.
j) Data processing delays: assignee information may not be immediately available or updated due to processing or synchronization delays among databases or systems.

The reasons for missing assignee data in patent applications are based on general principles of patent administration and can be found in technical and legal references such as the Manual of Patent Examining Procedure (MPEP) and specialized patent law websites (BitLaw, USPTO, Mintz, Finnegan). These explanations encompass human, technical, and legal factors, providing a comprehensive understanding of why missing fields may occur in patent databases.
Finally, figure 5 presents a detailed flowchart of the process for creating the standardized and unified database. This diagram illustrates each methodological step—from the initial data segmentation to the final integration of standardized identifiers—offering a clear and structured view of the workflow adopted.
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Figure 5: Flowchart for the creation of the standardized and unified database

[bookmark: _Toc195260448]4.2.5 Presentation of the standardized database and main statistics
Through the execution of the developed scripts, the original database was subdivided, standardized, and integrated, resulting in a more manageable and cohesive structure. The standardization of entity names reduced the initial number from 15,065 to 14,721 unique entities, eliminating 344 duplicates. This process was essential to ensure data consistency and to facilitate future analyses. The introduction of unique identifiers (“optimized_id” and “Open Innovation ID”) simplified data presentation, allowing for a clear and organized visualization of the information (Figure 6).
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Figure 6: Integration and standardization of data

The implementation of the variable dictionary was an important step in providing a clear and structured view of the variables contained in the database. Using the Pandas library, standardized names and data types were extracted and complemented with detailed descriptions of each variable. This dictionary, available in the GitHub repository, facilitates understanding and use of the database by researchers, promoting collaboration and the advancement of new studies.
The classification of entities according to Open Innovation Theory enabled a detailed segmentation of the different categories present in the database. These categories were defined as Universities, Research Institutions, Medical Units, Private Companies, Government Bodies, and Individuals. This classification is essential for segmented analyses, allowing specific studies on innovative collaboration among different types of entities. Applying this hierarchy ensured proper prioritization and categorization of entities, preventing duplications and emphasizing the importance of universities and research institutes.
Data cleaning in the “Optimized Assignee” field resulted in the exclusion of 98 records out of a total of 18,424, leading to a final dataset of 18,326 records. This process ensured that the database was free from inconsistencies and ready for accurate analyses. The reasons for missing data were diverse, including input errors, pending assignments, confidentiality, and data privacy regulations. This cleaning stage was fundamental to guarantee the integrity and reliability of the data.
The reintegration of standardized names and IDs into the original database, through the creation of a new column, enabled a clear visualization of the connections among entities related to each patent publication. This organized structure facilitated the analysis of collaboration networks, providing valuable insights into interactions among different entities in the development of technological innovations.

[bookmark: _Toc195260449]4.3 Experimental Case: Application of the Standardized Protocol
The use of standardized protocols in analyses of patent collaboration networks, the impact of higher education institutions (HEIs) on innovation, and competitiveness studies among companies offers several benefits and insights. Database standardization allows for more accurate and reliable analyses, preventing duplications and inconsistencies while facilitating the identification of patterns and trends.
In this context, we explored how standardization can be applied in different analyses to extract relevant information about collaboration, impact, and competitiveness in the field of innovation. Below, we present examples of the experimental use of the standardized protocol.

1. Collaboration network analysis: Using the standardized database makes it possible to identify and map collaboration networks among different entities (universities, companies, individuals, etc.). This allows visualization of how entities connect and interact, revealing collaboration patterns that may indicate innovation hubs or knowledge concentration areas. As a benefit, the standardization of entity names facilitates precise identification of connections among participants, avoiding duplications and inconsistencies.

An experimental analysis of the standardized database revealed that the network of major patent assignees is characterized by dense collaboration, such as the Chinese Academy of Sciences, which demonstrates strong interlinkages among universities and research centers. The proximity of these connections suggests a robust collaborative environment in scientific and technological innovation (Figure 7).
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Figure 7: Collaboration network analysis

2 Evaluation of the Impact of Higher Education Institutions (HEIs):
With the standardized database, it is possible to assess the impact of HEIs on technological innovation, which involves counting patents assigned to these institutions. Moreover, the classification of entities according to Open Innovation Theory allows analyses to be segmented and focused specifically on the contributions of HEIs, highlighting their importance within the innovation ecosystem.

An experimental analysis of the standardized database revealed that the Chinese Academy of Sciences leads the combined impact indicators of patents, domain influence, and strategic importance. The PLA Academy of Military Medical Sciences and the University of California also stand out across all indicators. Fudan University and Sun Yat-sen University follow with relevant, though comparatively lower, performance levels (Figure 8).
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Figure 8: Impact of higher education institutions on technological innovation

3 Competitiveness Studies Among Institutions and Companies:
Through standardization, it becomes possible to compare the number of patents and the nature of innovations among different companies within the same sector. Among the various possibilities, this analysis can reveal which companies are leaders in specific technological areas. An experimental analysis of the standardized database showed that Pfizer Inc. leads in the number of patents and demonstrates high levels of domain influence and combined impact. Venus Medtech (Hangzhou) Inc. stands out with a smaller number of patents but achieves the highest levels of domain influence and combined impact among the companies analyzed. Federal State Budgetary Institute and Regeneron Pharmaceuticals Inc. also hold significant patent numbers and relevant impact metrics, while Gilead Sciences Inc. maintains a competitive position across all indicators (Figure 9).
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Figure 9: Competitiveness among companies and institutions
4 Impact of Standardization on Data Quality and Usability: Data standardization is a fundamental process for improving the quality and usability of information used in research and analysis. It ensures data consistency, accuracy, and integrity, facilitates integration with other sources, and promotes greater study reproducibility. The main impacts of standardization on data quality and usability are detailed below.

a. Improved data consistency:Data standardization significantly reduced the number of duplicates and inconsistencies in entity names, resulting in cleaner and more reliable data. This was crucial to ensure the integrity of subsequent analyses. In this case, reducing 15,065 entity names to 14,721 unique entities demonstrated effective duplicate elimination.
b. Easier data integration and reuse:The creation of unique identifiers and entity classification facilitated database integration with other data sources and its reuse by various researchers. The unique identifiers eliminated ambiguities, enabling more accurate and reliable comparisons. This promoted collaboration and the execution of comparative analyses. The variable dictionary made available in this study, for instance, allowed other researchers to quickly understand the data structure and apply it in their own studies.
c. Enhanced data analysis:The organized and standardized structure of the data enabled more robust and detailed analyses, facilitating the identification of patterns and trends. This is particularly important for studies of collaboration and innovation networks. For example, the new column containing standardized names and identifiers allowed a clear visualization of connections among entities, enriching collaboration network analyses.
d. Increased reproducibility:The detailed documentation of standardization processes, along with the availability of scripts and the variable dictionary, greatly facilitates study reproducibility. These resources allow other researchers to reproduce results consistently and reliably. Moreover, the use of Jupyter Notebook to document the process ensured transparency and easy replication of all steps, promoting greater methodological rigor in subsequent research.

[bookmark: _Toc195260450]5 Discussion and conclusions
Database standardization for patent analysis remains a constant challenge in intellectual property research. This study demonstrated the application of a protocol to the Derwent database, significantly improving data quality by eliminating duplicates and making the dataset more consistent and organized for multiple types of analyses. Key contributions included the introduction of unique identifiers and the classification of entities according to Open Innovation Theory, enhancing the analysis and understanding of collaboration and innovation networks.
Understanding the processes and identifying ways to streamline them is essential. In the context of data analysis for open innovation—particularly during the COVID-19 pandemic—this approach contributes to identifying methods for fostering effective collaborations in the pursuit of technological solutions. The proposed methodology can and should be replicated in other crisis contexts.
Although the data standardization was effectively applied, it is important to note the challenge of identifying duplicates among entity names due to the lack of unique identifiers. Furthermore, the exclusion of 98 records may have resulted in partial loss of potentially relevant information. Therefore, future studies are encouraged to implement advanced machine learning techniques to detect duplicates and facilitate the inclusion of metadata that enhances entity identification.
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Q  About this program

x} This script facilitates the efficient handling and analysis of large datasets by leveraging Google Colaboratory and various Python packages. The
script performs the following key tasks:

1. downloading a large CSV file from Google Drive
O 2. reading the file in manageable chunks
3. splitting the DataFrame into smaller parts
4. zipping and downloading these parts for local storage

This process ensures that large datasets can be effectively managed and analyzed without overwhelming system memory, making it suitable
for data-intensive research projects.
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About this program

This program presents a comprehensive approach for extracting and consolidating assignee data from multiple CSV files hosted on a GitHub
repository. By leveraging Python's robust data manipulation capabilities, we developed a script that efficiently downloads, processes, and
combines assignee information into a singular DataFrame. The methodology includes reshaping the data to ensure unique identification of
assignees across various patents and generating a consolidated view for further analysis. Our approach demonstrates a scalable and
reproducible method for handling large datasets in patent analysis, facilitating enhanced insights into assignee trends and patterns.

Objective

The objective of this research is to develop an automated pipeline for the efficient extraction, transformation, and consolidation of assignee
data from multiple CSV files. The specific goals include:

1. Downloading multiple CSV files from a specified GitHub repository.

2. Combining these files into a single, coherent DataFrame.

3. Reshaping the data to identify unique assignees associated with each patent.

4. Providing a scalable solution for managing large datasets in patent analysis.

5. Enabling further analysis of assignee trends and patterns through a consolidated dataset.

This automated process aims to streamline data handling in patent analysis, enhancing the accuracy and efficiency of assignee identification
and analysis.
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About this program

This program presents a comprehensive script designed to automate the processing and analysis of large datasets obtained from Google
Sheets and GitHub repositories. Utilizing the capabilities of Google Colaboratory, the script efficiently manages tasks such as data
downloading, manipulation, cleaning, and merging, and ensures scalable processing by splitting large datasets into manageable parts. The final
datasets are prepared for download in a zipped format. This approach optimizes the handling of extensive data, making it suitable for research
projects requiring significant data processing while maintaining efficient resource management.

Objective

The objective of this script is to automate the downloading, processing, and analysis of large datasets from Google Sheets and GitHub
repositories using Google Colaboratory. The script aims to streamline data handling, transformation, and analysis processes, ensuring that
large datasets can be managed effectively without overwhelming system resources.
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& Final Variables Dicionary

{x} Variables Names DataType Description
publication_number object  Refers to the unique identifier assigned to a published patent document.

ez publication_date object  The date when a patent application is officially published.
title object  The name or heading of the patent document.

O title_english object The English translation or equivalent of the patent title.
title_dwpi object  The title s indexed in the Derwent World Patents Index (DWPI), a comprehensive patent database.
title_terms_dwpi object Specific terms extracted from the patent title for indexing purposes in DWPI.
ipe_current object  The International Patent Classification (IPC) code assigned to the patent document.
ipc_current_full object  The complete IPC code for the patent.
ipc_current_dwpi object  TheIPC code as indexed in DWPI.
ipc_current_full object A shortened version of the IPC code using only the first 4 characters.
cpe_current object  The Cooperative Patent Classification (CPC) code assigned to the patent.
cpe_current_dwpi object  The CPC code as indexed in DWPI
cpe_current_primary_dwpi object  The primary CPC code as indexed in DWPI.
us_class object  The class or subclass assigned to the patent by the United States Patent and Trademark Office (USPTO).
ecla floaté4  The European Classification (ECLA) code assigned to the patent.
dwpi_class object  The class code assigned in DWPL.

< dwpi_manual_codes object  Additional classification codes used in DWPI.
application_number object The unique identifier assigned to a patent application.

= application_date object  The date when the patent application was filed.
application_year int64 The year of patent application filing.

application_country_region object  The country or region where the patent application was filed.
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a  About this program

{x} This script provides an efficient method for aggregating and processing multiple CSV files hosted on a GitHub repository into a single cohesive

dataset. By leveraging the capabilities of Python and Google Colaboratory, the script automates the download of multiple parts of a dataset,

merges them into a single DataFrame, and ensures the data is ready for further analysis. The final consolidated dataset is then saved as a CSV

] file and prepared for download, facilitating easy access and subsequent use. This approach is ideal for handling segmented datasets and
ensures streamlined data management and processing.
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