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ABSTRACT 

Scholarly studies are turning more and more to networked technologies, cloud computing, digital archives and 
collaborative learning environments in the digital era. Although these technologies have brought about a pace 
in scientific discovery and sharing of knowledge, they also have made universities and research institutions 
victims of increasing cybersecurity attacks that threatens important intellectual property rights. This review 
addresses how cybersecurity can help in securing intellectual property in academic research, particularly in 
patent, copyright and trade secrets as the main types of intellectual property. It examines how data breaches, 
ransomware, phishing, insider abuses, unauthorized access, and cyber espionage are cyber risks that may harm 
research data, unpublished discoveries, proprietary software, confidential methodologies, and commercially 
valuable discoveries. Another significant vulnerability noted in the paper is unique to academic institutions, 
in which open scientific culture, decentralized digital infrastructure, and widespread collaboration frequently 
cause a conflict between access and protection. Especially prominent is the victims of neglect in academic 
discussion, namely trade secrets, which are of critical concern in protecting confidential know-how, laboratory 
methods, algorithms, and negative findings as well as research results funded by industry. The review puts 
forward arguments that not only are digital systems imperative to secure, but also it is important to enhance 
legal, economic and strategic worth of academic intellectual property. It concludes that to provide resilient 
and safe research environments in the digital age, universities should consider integrating technical, legal, 
institutional, and researcher awareness strategies to mitigate the risk of security incidents in research. 

KEYWORDS: Cybersecurity in Academic Research, Intellectual Property Rights (IPR), Trade Secrets 
Protection, Research Data Security, Cyber Threats in Higher Education. 
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1. Introduction  
Digital technology is advancing at a tremendous 
pace, which has revolutionized the research 
environment in many ways by facilitating 
cooperation and sharing information that would not 
have been possible otherwise. Today’s research 
paradigms are using cloud computing, artificial 
intelligence (AI), and big data analytics to boost their 
performance. This has helped pave the way for 
multidisciplinary studies and global partnerships, 
which have allowed researchers to work easily with 
large amounts of data. However, there are complex 
cybersecurity issues that come with this revolution 
in information technology, such as those associated 
with the security of IP produced within academic 
settings. As research products become more 
digitized and connected, the security of these assets 
has become critical (Covucci et al., 2024). 
Academic intellectual property consisting of 
research data, computer algorithms, software, 
laboratory methods, and even unpublished 
information carries great economic, scientific, and 
strategic value. It is critical to protect these 
properties, not only for academic reasons but also for 
innovation and commercial purposes. The use of 
intellectual property rights (IPR) like patents and 
copyrights has long been used as research output 
protection. But in the digital era, electronic security 
is under the pressure due to the simplicity of data 
duplication, unauthorized access, and cyber 
exploitation. The advent of generative AI and 
sophisticated digital technologies has also added to 
the IPR situation by confusing the notion of 
ownership, authorship, and reuse of intellectual 
property (Al-Busaidi et al., 2024). 
At the same time, universities and research 
institutions became the new subjects of cyberattack 
as the information that they produce and store is 
highly valuable. Phishing, ransomware, data 
breaches, and insider attacks are cyber threats that 
are becoming more common in academia. Such 
threats take advantage of both technological flaws 
and human elements, such as the absence of 
awareness, hasty actions, and insufficient 
cybersecurity measures among users (Hadlington, 
2017). The openness and decentralization of 
academic systems, although allowing cooperation, 
tends to lead to poor security controls and 
inconsistent policy enforcement. Moreover, these 
vulnerabilities are worsened by the lack of adequate 
cybersecurity awareness and training systems that 
leave institutions vulnerable to more advanced 
attacks (Taherdoost, 2024). 

The increase in the complexity of cybersecurity 
issues is also exacerbated by the development of new 
technologies, including blockchain, social media 
platforms, and space-based systems, that create 
additional attack points and security threats. An 
example is that blockchain-based systems despite 
having a better transparency and security system 
also have distinct weaknesses that can be used by 
malicious actors unless handled appropriately 
(Hasnain et al., 2025). In like manner, the 
interconnectedness of digital infrastructures in vital 
areas reinforces the need for integrated approaches 
towards dealing with security challenges (Khan et 
al., 2024). This is a trend that stresses the significance 
of taking a holistic approach in regard to 
cybersecurity issues within scholarly research 
contexts. 
While much discussion on the subject of patents and 
copyright has taken place within academic circles, 
there is a distinct lack of emphasis on trade secrets 
and their significance as an intellectual property 
form. Trade secrets are forms of confidential 
information such as algorithms, processes, negative 
findings, and commercially funded data. When 
contrasted against patents, the trade secrets do not 
have to disclose any information to the general 
public, thereby rendering them more susceptible to 
attacks from cybercriminals and breaches of 
confidentiality. Given that the education sector is 
open and involves the exchange of vast amounts of 
information, maintaining confidentiality for the 
purpose of protecting the trade secrets poses a 
significant hurdle. The lack of scholarly discussion 
on this issue highlights the importance of 
prioritizing trade secrets. 
In contrast to these problems, the purpose of this 
review is to study the interrelation between 
cybersecurity and intellectual property protection in 
the context of academic research, paying special 
attention to trade secrets. In doing so, it is necessary 
to assess the changes in the threat environment, 
define the major risks existing in the academic 
domain, and assess the existing cybersecurity 
strategy and means for protecting intellectual 
property. The paper intends to offer a holistic view 
of how academic organizations can ensure the 
protection of their intellectual property in the 
modern age of technology. 
 
2. Intellectual Property Rights in Academic 
Research 
2.1 Overview of IPR in Academia 
Intellectual property rights (IPR) refer to the various 
legal mechanisms that individuals or groups of 
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people acquire regarding their intellectual property, 
making it possible for them to control their usage 
and commercialization. In the case of scholarly 
research, examples of intellectual property include 
new scientific discoveries, software, databases, 
models, experiments, and other such things. 
Intellectual property rights play an important part in 
knowledge generation and serve as the basis of 
innovation-based economies. With the growing 
involvement of information technology in research, 
protecting intellectual property has become 
extremely vital (Adenubi et al., 2024; Xu, 2019). 
In the case of Intellectual Property Rights (IPR) in the 
academic setting, it is much more than just 
ownership since it acts as an important vehicle for 
fostering innovation, securing funding for research, 
and transforming scientific inventions into viable 
products or services. Transfer of technology, 
licensing of patents, and industrial collaborations are 
growing increasingly common among universities 
and other research institutions and all these activities 

require the existence of an effective IPR regime. 
Proper management of intellectual property 
strengthens the organization’s image and helps spur 
economic development through research 
commercialization (Ali, 2025). 
Additionally, the evolving cyber security domain has 
added further aspects to the protection of intellectual 
property rights. Intellectual properties become more 
prone to cyberattacks because of digital systems such 
as cloud computing, the Internet of Things (IoT), and 
collaboration tools. The problems of data breach, 
unauthorized access, and cyber espionage directly 
affect the integrity and confidentiality of research 
findings (Aqeel-ur-Rehman et al., 2016). Figure 1 shows 
how intellectual property rights, such as patents, 
copyrights, and trade secrets, along with their 
components, are classified in academic research. The 
need to combine cybersecurity measures with IPR 
protection systems has, therefore, become urgent to 
guarantee the resiliency of academic research settings 
(Sarker et al., 2024). 

 

 
Figure 1. Classification of Intellectual Property Rights in Academic Research 

 
2.2 Types of IPR 
Patents (Inventions and Processes) 
Patents give inventors exclusive rights over novel, 
non-obvious and industrially applicable inventions. 
Patents in the field of academic research are mostly 
used to cover technological inventions, experimental 
apparatus, pharmaceutical molecules, and 
engineering techniques. They are very useful in 
encouraging innovation because they provide 
temporary monopolies which encourage investment 
in research and development. Nevertheless, the 
application of a patent presupposes complete 
openness about the invention, which can be 
subjected to the threats of cyber-attacks unless 
attractively safeguarded (Adenubi et al., 2024). 
 
Copyrights (Publications and Software) 
Copyrights safeguard the original authorship works 
such as research publications, academic articles, 

software code, databases and multimedia content. 
Copyrights play a vital role in academic fields in 
protecting academic communication and proper 
recognition of intellectual works. As the digital 
publishing and open-access publishing platform has 
emerged, the copyright protection is challenged by 
unauthorized distribution, plagiarism, and online 
piracy. There is also a need to implement 
cybersecurity to ensure infringement is avoided and 
the integrity of academic products is upheld 
(Gernhardt & Grosh, 2022). 
 
Trade Secrets  
Definition 
Trade secrets can be defined as confidential 
information that aids in providing competitive or 
strategic advantage and which is not publicly 
available. In contrast to patents, trade secrets are not 
registered but are based on secrecy to protect them. 
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Trade secrets are becoming more applicable to 
academic research, especially in industry-funded 
and collaborative research where some information 
should be a secret in order to maintain its value (Ali, 
2025). 
Examples in Academic Context 
Trade secrets in academia can take various forms, 
including: 
1. Algorithms and Models: Proprietary AI models, 
machine learning architectures, and analytical 
frameworks developed during research projects 
(Sarker et al., 2024).  
2. Laboratory Protocols: Specialized experimental 
procedures, testing methods, and calibration 
techniques that are not publicly disclosed.  
3. Negative Results: Unpublished findings or failed 
experiments that can provide strategic insights and 
prevent redundant research efforts.  

4. Industry-Funded Research Data: Confidential 
datasets and findings generated through 
collaborations with private organizations, often 
governed by non-disclosure agreements (Adenubi et 
al., 2024).  
Trade secrets are important because they help to 
secure the valuable knowledge without disclosure, 
which makes them best applicable in securing 
sensitive research outputs. Nevertheless, such a 
dependency on confidentiality also renders them 
extremely susceptible to cybersecurity risks 
including data breaches, insider attacks, and 
unauthorized access. These risks can also be 
aggravated by the growing popularity of cloud 
storage and distributed research environments (Xu, 
2019). Table 1 provides a comparative overview of 
patents, copyrights and trade secrets in the academic 
research. 

 
Table 1: Comparison of Intellectual Property Types in Academic Research 

IPR Type Definition Examples in Academia Protection Mechanism 
Cybersecurity Risk 

Level 

Patents Legal rights for inventions 
Devices, processes, 

drugs 
Registration & 

disclosure 
Medium 

Copyrights Protection of original works 
Papers, software, 

datasets 
Automatic legal 

protection 
High 

Trade 
Secrets 

Confidential information with 
value 

Algorithms, protocols, 
data 

Secrecy & NDAs Very High 

 
3. Trade Secrets in Academic Research 
3.1 Why Trade Secrets Are Overlooked in 
Academia 
One of the least researched types of intellectual 
property is trade secrets. This can be greatly 
attributed to the culture of open science whereby 
publication and sharing of knowledge is given 
more preference than secrecy. The academic 
community has long been interested in patents 
and copyright, which are legally accepted and 
pervasive in research assessment frameworks. 
Trade secrets, on the contrary, are based on 
secrecy, which contradicts the principle of 
dissemination inherent in academia. Moreover, 
the growing popularity of digital platforms and 
collaboration tools may also cause unintentional 
exposure to confidential research resources, which 
will also contribute to its lack of attention (Dove, 
2018; Folorunso et al., 2024). 
 
3.2 Differences from Patents 
Trade secrets and patents are fundamentally 
different with regard to disclosure. Unlike trade 
secrets, patents provide exclusive rights in exchange 
of public revelation of an invention, but do not need 
registration and only last so long as confidentiality is 
upheld. The clause makes sure that trade secrets are 

appropriate tools to protect any confidential data 
like algorithms, internal models, and experimental 
methods that cannot be patented or are kept 
confidential for strategic reasons. However, once 
trade secrets become publicly disclosed, they can 
never be reversed, and they remain extremely reliant 
on strong cybersecurity and information practices 
(Gillies, 2011; Wylde et al., 2022). 
 
3.3 Strategic Importance 
3.3.1 Competitive Advantage 
Trade secrets are a considerable competitive edge as 
they enable institutions to maintain a monopoly of 
valuable knowledge bases. Confidential models and 
analytical frameworks may boost the positioning 
and funding availability in such research areas as AI 
and Data science (Khan et al., 2024). 
 
3.3.2 Industry Collaborations 
Trade secrets are also important in safeguarding 
proprietary data and research in the case of academic 
industry collaborations. Such collaborations are 
usually accompanied by confidentiality rules, and 
institutions need to keep the sensitive information 
confidential to preserve trust and adherence 
(Folorunso et al., 2024). 
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3.3.3 Pre-Publication Protection 
Another use of trade secrets is in the protection of 
research before publication, such as of preliminary 
findings, negative findings, and experimental data. This 
guarantees that research is not leaked or abused prior to 
official publication or patenting (Wylde et al., 2022). 
 
3.4 Legal Frameworks 
The world’s trade secret protection is supported 
through various international laws and treaties, for 
instance, the TRIPS agreement that outlines the 
guidelines of protecting information not made 
public. Similarly, regulation frameworks like the 
GDPR deal with data protection, which indirectly 
protects trade secrets within the context of research. 
The ISO/IEC 27000 standards of information 
security also help institutions to institute systematic 
security measures to protect confidential data (Dove, 
2018; Gillies, 2011). 
 
3.5 Risks of Cyber Breaches 
The use of trade secrets is very susceptible to cyber 
threats because they rely on secrecy. Phishing, data 

breaches, and insider threat are some of the 
cyberattacks that can reveal confidential research 
information, which is impermanently lost. The 
growing popularity of cloud solutions and AI-
powered technologies expands the attacker frontier, 
and strong cybersecurity policies are needed. The 
inability to ensure digital research environments 
might lead to intellectual and economic losses (Khan 
et al., 2024). 
 
4. Cybersecurity Threats to Academic Intellectual 
Property 
The growing level of digitization of academic 
research has massively widened the list of threats, 
and the intellectual property (IP) is now extremely 
susceptible to cyberattacks). Figure 2 presents the 
key external, internal and trade secret-related 
cybersecurity risks to academic intellectual property. 
Universities, being open spaces with valuable data 
resources, have been an attractive target of 
cybercriminals to gain access to sensitive research 
results, proprietary technology, and confidential 
data (Lallie et al., 2023; Xu, 2019). 

 
Figure 2: Cybersecurity Threat Landscape in Academic Research 

 
4.1 External Threats 
External threats are those individuals who are not a 
part of the institution and are one of the worst threats 
to academic intellectual property. 
1. Data Breaches: Hack into research databases and 
cloud systems may reveal confidential data, such as 
unpublished results and proprietary data sets. These 
breaches can be caused by lax security settings or 
compromised vulnerabilities (Xu, 2019). 
2. Ransomware Attacks: Cybercriminals cipher the 
institutional data and ask them to pay to deliver the 
data, which interferes with the continuity of the 
research and exposes the possibility of losing data 
irrevocably (Mushtaq and Shah, 2025).  

3. Phishing: False emails are sent to researchers and 
staff members to steal the login, allowing 
unauthorized access to the system (Prummer et al., 
2025). 
4. Cyber Espionage: Universities can also be 
targeted by state-sponsored or corporate entities to 
steal valuable research, especially those related to AI, 
biotechnology, and defense technologies (Lallie et 
al., 2023).  
4.2 Internal Threats 
Internal threats are those which occur within the 
institution and are usually associated with human 
factor and organizational flaws. 
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1. Insider Misuse: Authorized employees or 
researchers can purposefully abuse or spill sensitive 
data. 
2. Poor Access Control: Lax authentication and 
excessive access control privileges predisposes 
exposure of unauthorized data.  
3. Accidental Data Leaks: Unintentional disclosure 
of confidential information can be caused by lack of 
awareness or poor data handling practices (Khader 
et al., 2021). 
These risks should be mitigated through 
cybersecurity awareness and training since the 
human error is still a predominant cause of security 
incidents (Prummer et al., 2025). 
 
4.3 Specific Risks to Trade Secrets 
The trade secrets are also highly susceptible because 
they rely on confidentiality. 

1. Unauthorized Sharing: There can be unintentional 
leakage of sensitive research information in informal 
collaboration and data exchange.  
2. Cloud Misconfigurations: Unsecured cloud 
storage solutions may reveal sensitive data sets and 
company-owned models. 
3. Weak Encryption: Poor encryption systems will 
facilitate easy interception or access of sensitive 
information by attackers.  
4. Collaborative Platform Vulnerabilities: The 
most popular research collaboration tools can be 
poorly secured, which exposes them to risks 
(Mushtaq & Shah, 2025; Xu, 2019). 
Any of these vulnerabilities may lead to the 
irreversible loss of protection of trade secrets due to 
loss of confidentiality. Table 2 provides an overview 
of key cybersecurity threats and their effects on 
intellectual property in academia. 

 
Table 2: Cybersecurity Threats to Academic Intellectual Property and Their Impacts 

Threat Type Category Impact on IPR References 

Data Breach External Exposure of confidential research data Xu (2019) 

Ransomware External 
Data loss and disruption of research 

activities 
Mushtaq & Shah (2025) 

Phishing External 
Credential theft and unauthorized 

system access 
Prümmer et al. (2025) 

Cyber Espionage External 
Theft of high-value and sensitive 

research 
Lallie et al. (2023) 

Insider Misuse Internal Intentional leakage of confidential data Khader et al. (2021) 

Poor Access Control Internal Unauthorized access to research systems Khader et al. (2021) 

Accidental Data Leaks Internal 
Unintentional exposure of sensitive 

information 
Prümmer et al. (2025) 

Cloud Misconfigurations 
Trade Secret 

Risk 
Exposure of confidential datasets and 

models 
Xu (2019); Mushtaq & Shah 

(2025) 

Weak Encryption 
Trade Secret 

Risk 
Increased risk of data interception Xu (2019) 

Collaborative Platform 
Vulnerabilities 

Trade Secret 
Risk 

Data exposure through insecure 
collaboration tools 

Mushtaq & Shah (2025) 

 
5. Vulnerabilities in Academic Environments 
Schools and colleges in particular are in a distinct 
position to be vulnerable to cybercrime because 
they are open, collaborate, and decentralized. 
These are the key areas of weakness in academic 

settings as depicted in Figure 3. Although the 
features enable innovation and distribution of 
knowledge, they also pose great threats to the 
privacy of intellectual property and confidential 
research information. 

 

 
Figure 3: Vulnerabilities in Academic Research Environments 
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5.1 Open Science Culture vs Security 
Open science and information security have always 
been one of the main weaknesses of academic 
settings. Transparency, sharing of data, and 
collaborative research are encouraged in 
universities, and they often come in conflict with the 
necessity of preserving confidential data. Such 
transparency may accidentally result in the 
disclosure of confidential data of the research, such 
as confidential methods of work and pre-publication 
results. Regulations like GDPR stress that it is 
essential to strike a balance between the openness 
and data protection; however, striking this balance is 
still a problem in practice (Dove, 2018; Wylde et al., 
2022). 
 
5.2 Decentralized IT Infrastructure 
Institutions of higher learning usually have 
decentralized IT systems and various departments 
have to deal with digital resources and security 
measures on their own. This absence of centralized 
control results in uneven security practices and it is 
hard to implement a consistent cybersecurity policy 
throughout the institution. The probability of 
vulnerabilities such as unpatched systems, weak 
authentication, and misconfigured networks 
increases due to decentralization and can be used by 
attackers (Mozzaquatro et al., 2018). Moreover, poor 
adoption of systems security schemes e.g. ISO/IEC 
27000 are also reasons behind poor institutional 
resilience against cyber threats (Gillies, 2011). 
 
5.3 High Collaboration and Data Sharing 
Academic research is collaborative and this means 
that there is a lot of data exchange among the 
institutions, researchers and the industry partners. 
Although collaboration improves the productivity of 
research, it also exposes the data to the risk of 
exposure by various access points and 
communication channels. Unsecured cloud storage 
systems, shared platforms, cross-institutional 
networks can all be used as entry points to 
cyberattacks. These risks are further exacerbated by 
the complexity of access rights control and 
preventing secure data transfer (Wylde et al., 2022). 
 
5.4 Lack of Cybersecurity Awareness 
Human factors contribute to the cybersecurity 
vulnerabilities in academia. A significant number of 
researchers and staffs do not have sufficient training 
on cybersecurity practices and are vulnerable to 
threats like phishing, social engineering, and 
unintentional data leakage. Research has indicated 
that lack of awareness and inadequate security 

behaviors are key contributors to the occurrence of 
cyber incidents. To resolve this problem, it is 
necessary to constantly train, conduct awareness 
activities, and be willing to establish a security-
conscious culture within the institution (Romanosky, 
2016; Ghasemy et al., 2018). 
 
5.5 Inadequate Protection of Confidential Research 
Assets 
The other area of weakness is the inadequate security 
of confidential research resources, such as trade 
secret, proprietary datasets, and research funded by 
the industry. Most of the time, the institutions do not 
have well defined policies and technical protection 
to identify and safeguard such sensitive information. 
This is further complicated by weak encryption, 
ineffective access control and insufficient monitoring 
mechanisms. With the transformation of the research 
environment towards a more digitalized form, the 
lack of effective cybersecurity could result in serious 
intellectual and economic losses (Dove, 2018; Gillies, 
2011). 
 
6. Cybersecurity Strategies for Protecting IPR 
The multi-layered approach to cybersecurity to 
protect intellectual property in academic research 
involves combining technical, organizational, legal, 
and human-centric measures. With the rise of digital 
research ecosystems, institutions need to embrace a 
holistic approach to secure sensitive data and 
provide integrity to intellectual property (Adenubi 
et al., 2024; Xu, 2019). Table 4 demonstrates a multi-
layered cybersecurity system to safeguard academic 
intellectual property. 
 
6.1 Technical Measures 
The initial barrier against cyber threats to intellectual 
property is the technical safeguards. 
1. Encryption: Encryption helps to keep sensitive 
research data safe when it is stored and sent, 
avoiding unauthorized access (Xu, 2019). 
2. Secure Cloud Storage: Secure cloud architecture 
using a proper configuration and monitoring 
minimizes the threat of data breach in a distributed 
setting. 
3. Multi-Factor Authentication (MFA): MFA 
increases access security by doing several 
verification checks, which reduce the possibility of 
credential breaches.  
4. Network Security Systems: Firewalls, intrusion 
detection systems, and secure network protocols 
help detect and prevent unauthorized activities 
within institutional systems (Adenubi et al., 2024).  
 



7474 VIVEK SHUKLA 
 

SCIENTIFIC CULTURE, Vol. 12, No. 4, (2026), pp. 7467-7477 

6.2 Organizational Measures 
Organizational strategies guarantee systematic and 
uniform safeguarding of intellectual property in 
institutions. 
1. Access Control Policies: Role-based access 
control restricts access of data to people who are 
authorized only, minimizing insider threats. 
2. Data Classification Systems: Sorting data by 
sensitivity (e.g., public, confidential, trade secret) is 
used to improve security measures. 
3. Incident Response Plans: Having well-defined 
response systems allows institutions to swiftly identify, 
control, and recuperate after cyber attacks (Ali, 2025). 
 
6.3 Legal and Policy Measures 
The enforcement of intellectual property protection 
requires legal frameworks and institutional policies 
to effect its protection. 
1. Non-Disclosure Agreements (NDAs): NDAs 
keep partnerships confidential and do not allow the 
dissemination of sensitive data without 
authorization.  
2. IP Ownership Policies: Ownership rights of 
research outputs are explicitly stated and this 
ensures there is less controversy and accountability.  

3. Trade Secret Protection Protocols: The existence 
of rules on confidential information protection 
assists in keeping the information secret and lawful 
(Chen and Wu, 2022; Mogol and Crudu, 2022). 
Such actions are especially relevant in the online 
world, where piracy and further dissemination of 
intellectual property is becoming a more widespread 
occurrence (Rafiqi & Bhat, 2013). 
 
6.4 Researcher Awareness 
Human factors are critical in cybersecurity 
effectiveness. 
1. Training Programs: Periodic cybersecurity 
training assists researchers to detect threats like 
phishing and social engineering.  
2. Best Practices: The promotion of safe data 
processing, password systems, and careful 
information distribution will minimise unintentional 
violations (Adenubi et al., 2024). 
A security-aware culture needs to be developed to 
complement the technical and policy-based 
measures. Table 4 shows a multi-layered model of 
technical, organizational, legal, and awareness-
based measures to safeguard academic intellectual 
property. 

 
Table 4: Cybersecurity Strategies for Protecting Academic IPR 

Strategy Type Key Measures Purpose References 

Technical 
Encryption, MFA, Secure 

Cloud 
Protect data from 

unauthorized access 
Xu (2019); Adenubi et al. (2024) 

Organizational 
Access Control, Data 

Classification 
Ensure structured data 

protection 
Ali (2025) 

Legal & Policy 
NDAs, IP Policies, Trade 

Secret Rules 
Enforce legal protection 

Chen & Wu (2022); Mogol & Crudu (2022); 
Rafiqi & Bhat (2013) 

Awareness Training, Best Practices 
Reduce human-related 

vulnerabilities 
Adenubi et al. (2024) 

 
7. Integration of Trade Secrets into Cybersecurity 
Framework 
A thorough combination of law, technical, and 
organizational cybersecurity measures is needed to 
ensure the protection of trade secrets in academic 
research. Trade secrets, unlike other intellectual 
property, require complete reliance on confidentiality, 

which is very sensitive to technological vulnerabilities 
as well as the loopholes in governance. Figure 5 shows 
a multi-dimensional model that uses the legal, technical 
and organizational solutions to trade secrets protection. 
Hence, a coherent cybersecurity system is needed to 
make sure that trade secrets do not get compromised 
during the research lifecycle. 

 

 
Figure 5. Trade secrets integration within a cybersecurity framework. 
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7.1 Combining Legal Protection and Technical 
Security 
The key to effective protection of trade secrets 
depends upon the combination of legal measures 
with the sophisticated technical protection. 
However, the legal mechanisms that will facilitate 
the determination of the rules regarding ownership 
and access include confidentiality agreements, 
organizational policies, and regulatory compliance 
frameworks. However, such measures must be 
complemented by security controls such as 
encryption, access control, and network surveillance 
to prevent unauthorized access. Standards such as 
ISO/IEC 27000 state the importance of aligning the 
policies of information security to operational 
controls in order to have a holistic protection (Gillies, 
2011). Also, the regulatory frameworks like GDPR 
show that secure data handling and responsibility in 
research settings are crucial (Dove, 2018). 
 
7.2 Lifecycle Protection of Research Data 
Protection of trade secrets should be throughout the 
lifecycle of research data, such as creation of data, 
storage, sharing of data and archiving. In every step, 
there should be proper security in place to ensure 
confidentiality. As an illustration, cloud 
infrastructures with enhanced security and data 
environments can be used to safeguard research data 
both in storage and processing (Ukil et al., 2013). On 
the same note, research systems based on IoT must 
have powerful privacy and security protocols to curb 
unauthorized data access and leakage (Aqeel-ur-
Rehman et al., 2016). Lifecycle protection reduces 
exposure risk and helps to retain the value of 
confidential research assets. 
 
7.3 Managing Collaboration Without Disclosure 
Risk 
Collaboration in academic research is crucial; 
however, it comes with many risks that may lead to 
leaks of trade secrets. For institutions to minimize 
the risk, it is imperative for them to utilize controlled 
methods of data exchange, role-based access control, 
and secure means of communication. Blockchain 
technology, among other innovations, is one solution 
that could be used to ensure the safe sharing of data 
without compromising its transparency and 
accessibility (Wylde et al., 2022). Moreover, AI-
powered cybersecurity systems can help detect 
potential security threats and breaches. 
 
7.4 Balancing Openness and Confidentiality 
One of the major concerns associated with 
conducting academic research involves finding an 

effective balance between the ideals of open science 
and the need to protect confidential information. 
While openness in science fosters creativity and 
knowledge sharing, there could be disagreements 
because of the element of secrecy associated with 
protecting the trade secret. There is a need for an 
establishment policy on when particular information 
can be shared and what kind of information needs to 
be kept confidential. Moreover, there must be a 
system of classifying and controlling access to data. 
 
8. Challenges and Future Directions 
Academic research environments still have a lot of 
important problems that need long-term and 
strategic solutions, even though cybersecurity and 
protecting intellectual property have gotten better. 
 
8.1 Balancing Open Science with Secrecy 
Firstly, it is difficult to strike a balance between the 
requirements of openness and those of 
confidentiality. While universities attach a lot of 
significance to the requirement of transparency and 
data sharing, at times it can become dangerous from 
the point of view of protection of their intellectual 
property rights, particularly in cases where there are 
trade secrets involved. This problem is further 
aggravated due to the nature of the digital world 
where any individual with access to data can easily 
duplicate and distribute it (Coccoli, 2017). Secondly, 
there is the issue of copyright infringement. 
 
8.2 Evolving Cyber Threats 
Cyberattacks are becoming more sophisticated every 
day and are causing grave danger to the intellectual 
property of academic institutions. The emergence of 
networking technologies, especially the Internet of 
Things-based research environment, has increased 
the susceptibility to cyberattacks (Mozzaquatro et 
al., 2018). There must be an adaptable security 
framework in place capable of defending against any 
cyberattack at any point in time. Otherwise, 
academic institutions would be susceptible to any 
cyberattacks that are implemented using different 
techniques. 
 
8.3 Need for Standardized Policies 
Another significant problem relates to the lack of 
standardization of policies related to cybersecurity 
and IPR within different institutions. Differences in 
the execution of these policies lead to inconsistencies 
within the protective measures employed, which 
increases the chances of data leakages and violations. 
It is critical to ensure that a uniform approach is 
adopted in the adoption of cybersecurity principles 
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and IPR. Techniques such as the modelling of user 
behavior may help in formulating an appropriate 
policy for each institution (AlQadheeb et al., 2022). 
 
8.4 AI and Cybersecurity Integration 
AI technology is becoming widely used to improve 
cybersecurity performance. Through its use, AI 
technologies can detect and handle data 
irregularities, hence contributing to improved 
security of intellectual assets. On the other hand, the 
use of AI poses additional security threats that 
include weaknesses of the technology and possible 
misuse. At the same time, the provision of adequate 
protection for intellectual property rights plays a 
crucial role in maintaining technological progress, 
especially in the context of using AI (Chen & Wu, 
2022). 
 
8.5 Strengthening Global IPR Frameworks 
It is imperative to strengthen international 
frameworks in relation to intellectual property rights 
in order to effectively tackle cybersecurity threats on 
a cross-border basis. It is necessary to upgrade 
existing laws to ensure that intangible property is 
better protected from cyber attacks and other 
security threats. For example, international 
frameworks that are involved in the protection of 
trade secrets need to be improved to fight against 
cyber theft and the improper divulgence of 
information (Aplin, 2014). Additionally, it is evident 
that issues related to copyright protection in the 

digital age need to be addressed (Mogol & Crudu, 
2022). 
 
9. Conclusion 
Increasing digitization of scientific research has 
immensely helped in fostering innovations, 
collaborations, and distribution of knowledge; 
however, at the same time, many cyber threats have 
emerged which pose a severe danger to intellectual 
property. With more reliance on technologies like 
cloud computing and artificial intelligence for 
research in educational institutions, securing 
research data and intellectual property is of utmost 
importance. Various cyber threats such as data 
breach, ransomware attacks, and any form of data 
theft are a few examples of these dangers. It is 
emphasized in this article that while patents and 
copyrights are recognized in general, there is another 
type of IP which is often neglected, but very 
important to be taken into account – trade secrets. In 
academia, it is especially important to safeguard 
confidential research elements like algorithms, 
methods, or results which have not been disclosed to 
the public, as their intellectual property lies solely in 
being kept confidential. Their disclosure caused by 
cybersecurity problems could be extremely harmful 
both intellectually and economically. Hence, there is 
a need for multidimensional approaches to 
protection of trade secrets to ensure a secure 
environment for scientific work without 
compromising the idea of openness in science. 
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