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Abstract

The education sector; spanning universities, colleges, and research institutions, has increasingly become
a prime target for cyber adversaries. Its open network environments, large and diverse user populations,
and valuable intellectual property present a unique and challenging security landscape. Traditional reactive
cybersecurity measures are often insufficient against the sophistication and persistence of modern threats.
This paper introduces a proactive cyber threat intelligence (CTI) framework tailored specifically for the
academic environment. Leveraging the open-source OpenCT]I platform and integrating it with external
intelligence sources such as AlienVault Open Threat Exchange (OTX), the proposed framework enables
automated ingestion, enrichment, and analysis of threat data. By mapping this intelligence to the MITRE
ATT&CK® framework, the approach provides deep insights into threat actors, their tactics, techniques,
and procedures (TTPs). Using current OpenCTI data, the study identifies MirrorFace, LODEINFO, and
MirrorStealer as significant threats to the sector, detailing their methods and associated attack
models.Beyond identifying threats, the research outlines a four-pillar mitigation strategy: integrating
threat intelligence into daily operations, hardening systems and managing patches, improving user
awareness against phishing and social engineering, and strengthening incident response preparedness.
This combination of technical and human-focused defenses shifts institutions from a reactive posture to a
proactive, intelligence-driven security stance. By grounding the framework in open-source tools and
community-driven data, the solution remains cost-effective and accessible; key considerations for
resource-constrained academic environments. The findings demonstrate how structured intelligence, when
operationalized effectively, can help institutions detect threats earlier, reduce risk exposure, and protect
both institutional integrity and national research assets. This work contributes a practical, scalable, and
actionable model for improving cybersecurity resilience in the education sector, with broader applicability
to other open, collaborative environments facing similar challenges.
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1.0 Introduction
1.1 Background Study

The digital transformation of the education sector has created unprecedented opportunities for learning
and research, but it has also introduced significant cybersecurity risks. Educational institutions manage a
vast and diverse set of sensitive data, including student and staff personal information, financial records,
and highly valuable intellectual property generated from cutting-edge research. Unlike corporate
environments, academic networks are typically characterized by a culture of open access and
collaboration, with a transient population of users and a wide range of devices connecting to the network.
This "open-by-design™ nature, coupled with often-strained IT budgets, makes the sector a prime target for
a variety of threat actors. Recent reports indicate a substantial increase in cyber-attacks targeting schools
and universities, with attack vectors ranging from large-scale phishing campaigns to destructive
ransomware operations. The consequences of these breaches extend beyond financial loss, causing
significant disruption to academic activities, eroding public trust, and compromising national security
through the theft of state-sponsored research.

1.2 Challenges
The cybersecurity challenges in the education sector are multifaceted. They include:

o Limited Resources: Many institutions operate with shrinking budgets and limited cybersecurity staff,
making it difficult to implement and maintain sophisticated security solutions.

e Complex and Distributed Networks: Campus networks are sprawling and complex, often
incorporating legacy systems alongside modern cloud-based services and a myriad of 10T devices.
This complexity creates a large attack surface that is difficult to monitor and secure.

« Unique User Behavior: The user base, composed of students and faculty, is highly diverse. Students
may have varying levels of security awareness, while researchers may be focused on their work and
unknowingly engage in risky behaviors, such as clicking on malicious links or using unvetted software.

o Reactive Security Posture: Many institutions rely on a reactive security model, responding to
incidents only after a breach has occurred. This approach is no longer sustainable against adversaries
who are constantly evolving their tactics.

o Data Silos: Threat information often resides in isolated systems, preventing security teams from
gaining a holistic view of the threat landscape.

1.3 Aim and Significance of the Research

The primary aim of this research is to develop and propose a proactive cyber threat intelligence framework
specifically tailored to the unique environment of the education sector. This framework seeks to address
the challenges by integrating and operationalizing threat data from multiple sources. The significance of
this work lies in its potential to transform an institution's security posture from reactive to proactive. By
leveraging actionable threat intelligence, an institution can anticipate and prevent attacks before they cause
harm. The framework will enable institutions to:
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Gain a comprehensive understanding of the threats targeting the education sector.
Correlate internal security events with external threat intelligence to detect attacks earlier.
Develop data-driven, evidence-based mitigation strategies.

Enhance incident response capabilities with contextualized threat information.

Improve overall security awareness and hygiene across the entire institution.

gk wnNE

2.0 Brief Related Literature

Cyber threat intelligence (CTI) has emerged as a critical component of modern cybersecurity, providing
context and insight into threats beyond technical indicators (Sadique et al., 2024). Research by
EDUCAUSE and other bodies consistently highlights the need for CTI in higher education to address the
growing threat landscape (EDUCAUSE, 2024). The use of threat intelligence platforms (TIPs) is a
common theme, with papers discussing the benefits of centralizing threat data. For example, a study by
Narayanan et al. discusses an integrated cognitive system for threat detection using the Structured Threat
Information Expression (ST1X) format as a source of threat information (Narayanan et al., 2024). The
MITRE ATT&CK framework has become a de-facto standard for modeling adversary behavior, and many
studies focus on its application in improving threat detection and analysis (MITRE, 2024).

However, a gap exists in the literature regarding a practical, low-cost, and open-source CTI solution
specifically designed for the resource-constrained environment of the education sector. Most studies either
focus on theoretical frameworks or propose expensive commercial solutions. This research aims to fill this
gap by demonstrating a practical, open-source approach using OpenCT]l, a platform that is highly aligned
with industry standards and can be integrated with free CTI sources like AlienVault OTX.

3.0 Methodologies and Techniques Adopted

The proposed framework is built around the OpenCT] platform, a powerful open-source threat intelligence
management platform that adheres to the ST1X2 data model. OpenCT]I provides a centralized repository
for collecting, analyzing, and sharing CTI. The core methodology involves a four-stage process:

1.Ingestion: The framework automatically ingests raw threat data from external sources. We leverage
OpenCTI's native connectors to pull data from AlienVault Open Threat Exchange (OTX), a community-
driven threat intelligence platform. This is achieved by configuring the AlienVault OTX connector within
the OpenCTI Docker environment, providing the necessary APl keys and settings.

2.Enrichment: Raw data, such as IP addresses, file hashes, or URLSs, is often not enough to understand a
threat. The platform enriches this data by connecting it to other threat entities and contextual information.
The OpenCTI platform is configured to automatically associate indicators of compromise (10Cs) with
known threat actors, campaigns, malware, and TTPs.

3.Analysis and Mapping: All ingested and enriched data is automatically mapped to the MITRE
ATT&CK framework. OpenCTI's core functionality is built to support this mapping, allowing security
analysts to visualize how a particular threat or malware campaign utilizes specific tactics and techniques.
This provides a clear, standardized way to understand adversary behavior.
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4.Dissemination: The final step involves disseminating the analyzed, actionable intelligence to relevant
stakeholders. This can take many forms, from automated alerts to security information and event
management (SIEM) systems to comprehensive reports for institutional leadership.

This methodology relies on a Docker-based deployment of OpenCTI, which simplifies installation and
management. The use of an external, community-driven feed like AlienVault OTX ensures a continuous
flow of up-to-date threat data without the high costs associated with commercial feeds.

4.0 Threats to the Education Sector

The threats targeting the education sector are diverse and increasingly sophisticated. They can be broadly
categorized as:

Based on the latest OpenCT]I live data, three major threats currently targeting academic institutions stand
out.

MirrorFace is a highly targeted cyber-espionage campaign often aimed at stealing sensitive research data
and confidential communications. It uses advanced phishing and malware delivery methods to infiltrate
networks quietly.

LODEINFO is another persistent threat, known for exploiting system vulnerabilities to establish long-
term access. Attackers often use it to exfiltrate valuable intellectual property, such as unpublished research
findings or sensitive student records.

MirrorStealer focuses primarily on credential theft. By targeting stored passwords, browser data, and
login sessions, it enables attackers to gain unauthorized access to academic portals, email systems, and
research databases.

Together, these threats highlight the growing cybersecurity risks faced by universities and research
centers, where intellectual property, personal information, and institutional reputation are all at stake.

Protecting against them requires robust security measures and continuous awareness training.

TOP 10 THREATS TARGETING THIS ENTITY

MirrorFace

LODEINFO

MirrorStealer

Figure 1. Top Threats targeting the educational sector
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5.1 Threat Actors and Attack Techniques

In the context of academic institutions, identified threat actors use a combination of custom malware,
social engineering, and exploitation of wvulnerabilities to achieve their objectives. MirrorFace,
LODEINFO, and MirrorStealer are often deployed in targeted campaigns, typically beginning with
phishing emails disguised as legitimate academic correspondence. These emails may contain malicious
attachments or links that deliver the malware payload. Once inside the network, attackers utilize
techniques such as privilege escalation, credential dumping, and persistence mechanisms to maintain
access. The 42 attack patterns observed reflect a diverse toolkit, ranging from brute-force credential
attacks to exploiting misconfigured systems. These tactics enable threat actors to harvest research data,
intellectual property, and sensitive personal records. By blending technical exploits with social
manipulation, they increase the chances of success while remaining undetected for extended periods.

Victimology (6)

4 campaigns

Arsenal

Y Malware (3}
Channels
Tools
Vulnerabilities (1)

Technigues

Attack patterns (42)

Figure 2: Threat information from OpenCT]I
6.1 Associated Attack Model

The associated attack model from OpenCT]I organizes these threats within a structured framework, often
resembling the MITRE ATT&CK or cyber kill chain model. This mapping begins with reconnaissance—
where attackers gather information about the institution’s systems, staff, and research focus—before
moving to initial compromise, typically via phishing or drive-by downloads. Once access is gained, the
attackers proceed to lateral movement within the network, targeting high-value systems such as research
servers and administrative databases. Data collection follows, with stolen information often compressed
and exfiltrated using covert channels to avoid detection. The model also highlights how vulnerabilities
and malware types link to specific phases of the intrusion process. This interconnected view enables
defenders to anticipate attacker movements, implement layered defenses, and respond proactively—
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shifting the advantage back to the institution. It also helps in training staff and tuning monitoring tools to
detect suspicious behavior earlier in the attack cycle.

Last used IP addresses

Last used domains

Last used infrastructures

Figure 3. Attack Model from OPenCTI
7.1 Mitigation Framework

Based on the intelligence gathered and analyzed through the OpenCT]I platform, this paper proposes a
strategic four-pillar mitigation framework to protect academic institutions from threats such as
MirrorFace, LODEINFO, and MirrorStealer.

1. Threat Intelligence Integration

Continuously ingest and analyze threat data from platforms like OpenCT] to identify emerging threats,
vulnerabilities, and attack patterns. Integrating this intelligence into security operations enables proactive
defenses rather than reactive responses.

2. Security Hardening & Patch Management
Address known vulnerabilities promptly through systematic patching and configuration hardening. This
reduces exploitable entry points and limits the impact of zero-day threats.

3. User Awareness & Phishing Resistance
Conduct regular staff and student training to recognize phishing attempts and social engineering tactics.
Simulated phishing exercises can strengthen awareness and reduce the success rate of initial compromise.
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4. Incident Response & Recovery Preparedness
Maintain a tested incident response playbook, aligned with past threat scenarios, to ensure rapid
containment and recovery. This should include backup strategies and clear communication protocols.

Conclusion

The analysis of OpenCT] threat intelligence reveals that academic institutions face persistent and evolving
cyber threats, with campaigns like MirrorFace, LODEINFO, and MirrorStealer posing significant
risks. These threats employ diverse attack patterns, from phishing and credential theft to exploiting
vulnerabilities. By mapping these activities through structured attack models, institutions can better
anticipate and disrupt adversary actions. The proposed four-pillar mitigation framework; threat
intelligence integration, security hardening, user awareness, and incident response preparedness; offers a
proactive and layered defense approach. Implementing these measures will enhance institutional
resilience, protect critical assets, and safeguard the integrity of research and educational operations.
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