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The use of technology in everyday life in undertaking a variety of day-to-day tasks, both personally and professionally, sees the reliance of cyberspace as inevitable.   As a result, the need for security in this area is paramount.  This is evidenced in the findings from [1], showing that 50% of business have identified an attack showing a 18% rise from the previous year.  It is important to note this impact was on small businesses which the statistics remaining constant for medium and large businesses.  Blue Team operations play a pivotal role in strengthening organisational cybersecurity defences. This report critically examines the challenges and advancements in three core areas of Blue Team operations: Vulnerability Management, Security Operations Centre (SOC) Optimization, Threat Detection and Response, and Threat Hunting. 
By evaluating current methodologies, tools, and strategies, this report highlights their effectiveness as well as their limitations. It discusses emerging trends such as automation, machine learning (ML), and the integration of threat intelligence, while also addressing ongoing challenges including resource limitations and the increasing sophistication of cyber threats. Drawing on recent literature and case studies, this analysis emphasizes the need for continuous improvement in Blue Team capabilities to effectively respond to the evolving landscape of cybersecurity threats. The findings offer practical insights for practitioners seeking to enhance their defensive operations in a rapidly changing threat environment.
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[bookmark: _Toc186989251]1.1 Current Methodologies and Tools
Vulnerability Management is a fundamental part of Blue Team operations, focusing on the identification, assessment, and remediation of security weaknesses. Tools such as Nessus, Qualys, and Rapid7 InsightVM are commonly used due to their comprehensive scanning and reporting capabilities. Recent advancements have introduced the integration of artificial intelligence (AI) to prioritize vulnerabilities based on their potential risk impact. For example, as noted in [2], AI-driven tools have achieved a reduction of up to 30% in false positives.  Exploit Prediction Scoring System (EPSS) development to predict exploits via scoring to improve prediction performance has shown a reduction in the amount of effort as highlighted by [2]to address critical vulnerabilities to one eighth of comparable strategy.  
While these tools are effective at identifying vulnerabilities, they often struggle with scalability in large, dynamic environments. Security Operations Centres (SOCs) optimization aims to address this challenge by utilizing automation, centralized logging systems, and Security Information and Event Management (SIEM) platforms like Splunk and QRadar. Research cited in [3] shows that integrating machine learning algorithms with SIEM systems has enhanced anomaly detection rates by up to 20%. Such developments are considered popular due to more complex attack techniques being developed alongside increased data to process in the modern world [3]. 
[bookmark: _Toc186989252]1.2 Limitations and Challenges
Despite these advancements, SOCs face significant challenges, such as alert fatigue and high operational costs. Research by [4] indicates that over 60% of alerts generated by SOCs are either false positives or non-critical, which diverts resources from addressing genuine threats. Additionally, the shortage of skilled professionals exacerbates this issue, with [5] estimating that there will be a global cybersecurity workforce gap of more than 3.5 million by 2025.
Moreover, efforts to optimize SOCs operations are often impeded by siloed data and a lack of real-time threat intelligence integration. Effective vulnerability management necessitates collaboration between different IT teams, which is frequently undermined by organizational silos and inadequate communication channels. Research also found that resource capacity for remediating vulnerabilities varies considerably across companies, which suggests that any vulnerability remediation strategy should accommodate varying levels of corporate resources and budgets [1].  Despite the known challenges that exist, it cannot be disputed that leveraging large datasets and powerful algorithms, these techniques can help organizations stay ahead of constantly evolving threats. It can be argued as highted by [3] that the continued development of these technologies and their integration into existing solutions is more likely to create more effective defence mechanisms in the following years.  
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Threat hunting has transitioned from a reactive approach to a proactive one, focusing on identifying advanced persistent threats (APTs) and lateral movement within networks. Tools like CrowdStrike Falcon and Carbon Black have gained popularity due to their capabilities in real-time endpoint monitoring and behavioural analysis.
The Adversarial Tactics, Techniques, and Common Knowledge (MITRE ATT&CK) framework has emerged as a key benchmark for threat hunting, allowing teams to systematically map out adversary tactics and techniques. A study by [6] shows that organizations implementing (MITRE ATT&CK) have experienced a 40% improvement in detecting previously unknown threats. It is considered a highly reliable source of threat information due to the fact it can be utilized in the modelling and study of various cyber threats within a wide range of sectors [6].
Additionally, integrating threat intelligence feeds into hunting workflows has significantly enhanced their effectiveness. By correlating indicators of compromise (IOCs) with internal telemetry data, Blue Teams can uncover sophisticated attack campaigns. The incorporation of artificial intelligence (AI) and machine learning (ML) further strengthens these capabilities by automating the analysis of vast datasets, as detailed in reference [7].
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Despite its potential promise, threat hunting is resource-intensive and demands a high level of expertise. Many organizations find it challenging to justify allocating resources to proactive hunting activities, particularly when reactive measures seem sufficient in the short term. Furthermore, an over-reliance on automated tools can create blind spots if threat hunters do not manually validate their findings. The influence of bias also needs to be considered within results as highlighted by [6] within research surrounding this. 
A common criticism, noted in reference [7], is the lack of standardization in threat hunting methodologies. This inconsistency can lead to variable outcomes and undermine the potential benefits of collaboration within the cybersecurity community.
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Threat detection and response have made significant strides with the introduction of Extended Detection and Response (XDR) platforms. Unlike traditional Security Information and Event Management (SIEM) systems, (XDR) consolidates data from multiple sources to provide a unified view of the threat landscape. According to [8], organizations that have implemented (XDR) platforms have experienced a 25% reduction in mean time to detect (MTTD) and mean time to respond (MTTR). Thes technologies can be tailored to specific needs of the company, targeting protection and increasing efficiency [8]. 
Endpoint Detection and Response (EDR) solutions have also seen considerable improvements, particularly with features like automated containment and the ability to roll back ransomware attacks. A notable example is SentinelOne’s Singularity platform, which achieved a 99.7% efficacy rate in independent evaluations conducted by [9].
Moreover, advancements in behavioural analytics and machine learning (ML) models are enhancing detection capabilities. These systems can identify deviations from established baseline behaviours, thereby flagging potential threats before they escalate using behavioural analysis [8]. However, their effectiveness is heavily dependent on the quality of input data, as poor data hygiene can result in erroneous conclusions, as highlighted in [10].
[bookmark: _Toc186989258]3.2 Challenges and Limitations
Despite these technological advancements, threat detection systems still struggle to address zero-day exploits and polymorphic malware. As noted by [11], attackers are increasingly utilizing evasion techniques to bypass detection mechanisms. Additionally, the effectiveness of XDR and EDR solutions is contingent upon their interoperability with existing IT infrastructure, which is often fragmented and outdated.
What is described as a lack of cyber security readiness by [10] provides a significant challenge for organisations in ensuring they have sufficient resources to safeguard their assets.  Incident response therefore remains another critical area of concern. Many organizations lack well-defined incident response playbooks, which can lead to delayed or inefficient remediation efforts. Studies conducted by [10] highlight the importance of regular tabletop exercises to enhance organizational readiness; however, only 30% of surveyed organizations reported conducting such exercises on an annual basis.
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[bookmark: _Toc186989260]4.1 Enhancing Blue Team Capabilities
Organizations must prioritize ongoing training and upskilling of their cybersecurity workforce if they are to overcome the outlined challenges. As noted in [12] 80–90 percent of current cybersecurity failures are due to human and organizational shortcomings. Training platforms, have shown promise in developing practical skills, as noted by [12] in addition to investing in automation and AI-driven solutions which can help alleviate resource constraints. However, it is crucial to maintain human oversight to validate automated outputs and ensure contextual awareness. [12] outlines that the presumption is that workers will always make a better decision after being trained. Collaborative threat intelligence sharing among industry peers can further enhance collective defence mechanisms, as suggested by [13] in addition to ML based AI holding promise to disrupt the SOC.  
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Organizations need to adopt a comprehensive and holistic approach to cybersecurity which integrates vulnerability management, threat hunting, and detection and response into a cohesive strategy. [1] demonstrates how medium or large organisations are more likely to undertake risks assessments, deploy security monitoring tools and have a formal cyber security strategy in place.  Whilst the lack of budget, capacity and expertise create greater challenges for smaller organisations.  Regular audits and red team exercises can assist in identifying gaps in defence’s, fostering continuous improvement. Additionally, embracing frameworks like NIST’s Cybersecurity Framework and MITRE ATT&CK can provide structured guidance for enhancing operational effectiveness. 
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Blue Team operations are at the forefront of defending against the ever-evolving cyber threat landscape. The true extend of breaches remains unknown as the data is dependent on what is reported, as according to [1a] external reporting remains uncommon.  While significant advancements have been made in vulnerability management, (SOC) optimization, threat hunting, and detection and response, persistent challenges highlight the need for continuous improvement. By leveraging emerging technologies, fostering collaboration, and investing in human expertise, organizations can strengthen their defensive capabilities. 
The insights presented in this report highlight the critical necessity of a proactive and integrated approach to Blue Team operations, ensuring resilience against sophisticated adversaries in an increasingly digital world.
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