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Abstract: The accelerating sophistication of cyber threats has fundamentally reshaped the operational realities 

of contemporary Security Operations Centers, compelling a paradigm shift from reactive alert handling toward 

intelligence-driven, adaptive, and automation-supported investigative practices. Among the most disruptive 

and costly threats, ransomware campaigns and insider-enabled security breaches stand out due to their hybrid 

technical and behavioral characteristics, long dwell times, and capacity to evade signature-based detection 

mechanisms. This research article develops a comprehensive, theory-driven examination of how artificial 

intelligence–enabled Security Operations Center playbooks can be systematically integrated with anomaly 

detection methodologies, insider threat analytics, and Zero Trust security principles to enhance investigative 

rigor and operational resilience. Drawing exclusively on the provided scholarly and institutional references, 

the article synthesizes decades of research spanning knowledge-based intrusion detection, graph-centric 

behavioral modeling, deep learning–driven anomaly detection, and modern SOC orchestration frameworks. 

Particular emphasis is placed on the conceptual and operational contributions of AI-optimized investigative 

playbooks for ransomware incidents, as articulated in recent literature, and on their capacity to unify 

heterogeneous data sources, automate hypothesis generation, and support analyst decision-making under 

conditions of uncertainty. Methodologically, the study adopts an interpretive and integrative research design, 

leveraging comparative literature analysis to derive a unified conceptual framework that bridges network-level 

anomalies, host-based behavioral deviations, and organizational trust assumptions. The results section 

articulates a descriptive synthesis of emergent patterns across the literature, demonstrating how AI-driven 

SOC playbooks function as socio-technical control mechanisms that encode institutional knowledge, align 

detection and response workflows, and mitigate cognitive overload among analysts. The discussion extends 

these findings by situating them within broader theoretical debates concerning automation bias, explainability, 

and the ethical governance of behavioral surveillance in organizational contexts. The article concludes by 

outlining a forward-looking research agenda focused on adaptive trust modeling, cross-domain anomaly 

fusion, and the institutionalization of AI governance within security operations. By offering an extensive, 

publication-ready analysis, this work contributes to the maturation of cybersecurity as an interdisciplinary 

field that integrates machine intelligence, human judgment, and organizational strategy. 
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INTRODUCTION 

The evolution of cybersecurity threats over the past several decades has been marked by a steady transition 

from isolated, technically bounded attacks toward complex, persistent, and adaptive adversarial campaigns 

that exploit both technological vulnerabilities and human behavior. Early models of intrusion detection were 

largely predicated on the assumption that malicious activity could be distinguished from benign behavior 

through predefined rules or signatures derived from known attack patterns, an assumption that reflected both 

the technical constraints and threat landscape of earlier computing environments (Lunt et al., 1989). As 

organizational information systems expanded in scale, heterogeneity, and connectivity, these assumptions 

became increasingly untenable, giving rise to a growing body of research focused on anomaly detection, 

behavioral modeling, and adaptive security analytics (Garcia-Teodoro et al., 2009). Within this broader 
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historical trajectory, the contemporary prominence of ransomware and insider threats represents not merely 

an escalation in attack frequency or severity, but a qualitative shift in how security incidents unfold, propagate, 

and resist traditional investigative approaches (ENISA, 2021). 

Ransomware, in particular, has emerged as a paradigmatic example of a threat that defies simplistic 

categorization. Modern ransomware campaigns often combine external intrusion vectors with internal 

reconnaissance, privilege escalation, lateral movement, and data exfiltration, blurring the boundary between 

outsider attacks and insider-like behavior (Rajgopal, 2025). This convergence complicates detection and 

response, as activities associated with ransomware operators frequently resemble legitimate administrative 

actions, thereby undermining rule-based alerting and increasing the risk of false negatives. At the same time, 

insider threats, whether malicious, negligent, or compromised, continue to challenge organizational defenses 

by exploiting trusted access and intimate knowledge of internal systems, making them particularly resistant to 

perimeter-centric security models (Eberle et al., 2010). The intersection of these threat categories underscores 

the need for investigative frameworks that can reason across technical, behavioral, and organizational 

dimensions, rather than treating incidents as isolated events. 

The Security Operations Center has become the institutional locus for addressing this complexity, serving as 

the organizational hub where detection, investigation, and response activities converge. Traditionally, SOC 

workflows have been characterized by manual triage, fragmented tooling, and reliance on analyst expertise to 

correlate disparate alerts under time pressure (Gartner, 2020). While such approaches may suffice in 

environments with limited threat diversity, they scale poorly in the face of high-volume telemetry, 

sophisticated adversaries, and the cognitive demands placed on human analysts. Consequently, recent research 

and industry practice have increasingly emphasized the role of automation, orchestration, and artificial 

intelligence in augmenting SOC capabilities, particularly through the development of structured playbooks 

that encode investigative logic and response actions (Rajgopal, 2025). 

An AI-optimized SOC playbook can be understood as more than a static checklist of procedures; it represents 

a dynamic, data-driven artifact that integrates machine learning models, contextual reasoning, and institutional 

knowledge to guide analysts through complex investigative pathways. In the context of ransomware, such 

playbooks aim to automate early-stage detection, prioritize alerts based on risk and impact, and support 

hypothesis-driven investigation by correlating network anomalies, host-based indicators, and user behavior 

analytics (Rajgopal, 2025). This approach aligns with broader trends in anomaly-based intrusion detection, 

which seek to model normal system behavior across multiple dimensions and identify deviations that may 

signal malicious activity (Eldardiry et al., 2014). However, the effectiveness of AI-driven playbooks depends 

critically on their ability to integrate diverse analytical techniques, including graph-based modeling, deep 

learning, and stream mining, each of which brings distinct strengths and limitations to the investigative process 

(Parveen et al., 2011). 

The academic literature on insider threat detection provides a rich foundation for understanding how 

behavioral anomalies can be modeled and interpreted within organizational contexts. Graph-based approaches, 

for example, have been widely explored as a means of capturing relationships among users, resources, and 

activities, enabling the identification of structural patterns that may indicate malicious intent (Gamachchi et 

al., 2017). Similarly, deep learning techniques such as autoencoders, restricted Boltzmann machines, and 

recurrent neural networks have been applied to high-dimensional security data to learn latent representations 

of normal behavior and detect subtle deviations over time (Fiore et al., 2013; Liu et al., 2018; Lu and Wong, 

2019). While these methods have demonstrated promise in experimental settings, their integration into 

operational SOC workflows remains an ongoing challenge, particularly with respect to explainability, 

scalability, and alignment with analyst mental models (Alpaydin, 2014). 

Parallel to these technical developments, the emergence of Zero Trust security architectures has further 

reshaped the conceptual landscape of cybersecurity. Zero Trust principles reject implicit trust based on 

network location or user identity, instead advocating continuous verification, least-privilege access, and 

contextual risk assessment for every interaction (Google Cloud, 2023). From an investigative perspective, 

Zero Trust architectures generate rich telemetry about authentication events, access requests, and policy 
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enforcement decisions, creating new opportunities for anomaly detection and behavioral analysis. At the same 

time, they raise important questions about how trust is operationalized, monitored, and recalibrated over time, 

particularly in environments where insider threats and ransomware campaigns may exploit legitimate 

credentials (ENISA, 2021). Integrating Zero Trust telemetry into AI-driven SOC playbooks thus represents 

both a technical opportunity and a conceptual challenge. 

Despite the substantial body of research on anomaly detection, insider threats, and SOC automation, there 

remains a notable gap in the literature concerning the holistic integration of these domains into a unified 

investigative framework. Much of the existing work focuses on specific techniques or threat categories in 

isolation, such as network anomaly detection or insider behavior modeling, without fully addressing how these 

components interact within real-world SOC operations (Mayhew et al., 2015). Moreover, while recent 

contributions have begun to articulate the role of AI-optimized playbooks in ransomware investigation, there 

is limited theoretical elaboration on how such playbooks can synthesize insights from insider threat research 

and Zero Trust principles to address the hybrid nature of modern threats (Rajgopal, 2025). This gap is 

particularly salient given the increasing convergence of external and internal threat vectors, which demands 

investigative approaches capable of reasoning across traditional boundaries. 

The present article seeks to address this gap by offering an extensive, integrative analysis of AI-driven SOC 

playbooks as a unifying mechanism for anomaly-centric threat investigation. By grounding the discussion 

exclusively in the provided references, the study aims to synthesize historical and contemporary perspectives 

on intrusion detection, behavioral analytics, and security architecture into a coherent theoretical narrative. The 

central argument advanced here is that AI-optimized SOC playbooks, when informed by decades of research 

on anomaly detection and insider threat modeling, can function as adaptive socio-technical systems that 

enhance both the efficiency and epistemic rigor of security investigations. In advancing this argument, the 

article emphasizes not only technical capabilities, but also organizational, cognitive, and ethical considerations 

that shape how AI is deployed and governed within security operations (Gartner, 2020). 

To develop this argument, the article proceeds through a detailed methodology section that explicates the 

interpretive research design and analytical approach employed. This is followed by a results section that 

synthesizes key patterns and insights from the literature, focusing on how AI-driven playbooks operationalize 

anomaly detection and behavioral analytics in the context of ransomware and insider threats. The discussion 

section then situates these findings within broader scholarly debates, critically examining limitations, 

counterarguments, and implications for future research and practice. The article concludes by reflecting on 

the transformative potential of AI-enabled SOC playbooks, while cautioning against uncritical adoption and 

underscoring the need for ongoing interdisciplinary inquiry (Rajgopal, 2025). 

METHODOLOGY 

The methodological orientation of this research is grounded in an interpretive and integrative approach to 

cybersecurity scholarship, reflecting the inherently socio-technical nature of Security Operations Centers and 

the investigative practices they embody. Rather than pursuing empirical experimentation or quantitative 

modeling, the study adopts a comprehensive literature-based methodology that seeks to synthesize, 

contextualize, and critically analyze existing research findings to construct a coherent theoretical framework 

for AI-driven SOC playbooks. This choice is informed by the recognition that the challenges associated with 

ransomware investigation, insider threat detection, and anomaly-based analytics are not merely technical 

problems amenable to isolated algorithmic solutions, but complex organizational phenomena shaped by 

historical practices, institutional constraints, and evolving threat landscapes (Garcia-Teodoro et al., 2009). 

At the core of the methodology is a structured review and comparative analysis of the provided references, 

spanning foundational work in knowledge-based intrusion detection, contemporary research on machine 

learning and deep learning techniques, and recent industry and policy perspectives on SOC operations and 

Zero Trust architectures. The inclusion of early contributions, such as knowledge-based intrusion detection 

systems, serves to anchor the analysis in the historical evolution of security analytics and to highlight enduring 

conceptual challenges, including the representation of expert knowledge and the handling of uncertainty (Lunt 
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et al., 1989). By juxtaposing these early approaches with more recent developments in graph-based and deep 

learning–driven anomaly detection, the methodology facilitates a longitudinal perspective on how 

investigative practices have adapted to increasing system complexity (Eberle et al., 2010; Fiore et al., 2013). 

A key methodological principle guiding this study is thematic integration. Rather than treating ransomware, 

insider threats, and Zero Trust as discrete topics, the analysis seeks to identify recurring themes and conceptual 

linkages across the literature, such as behavioral deviation, trust calibration, and multi-source data fusion 

(Eldardiry et al., 2014). This thematic lens enables the identification of common analytical challenges and 

solution strategies, which are then mapped onto the concept of AI-optimized SOC playbooks as articulated in 

recent research (Rajgopal, 2025). Through this process, the methodology aims to elucidate how playbooks can 

function as integrative artifacts that encapsulate diverse analytical techniques and align them with operational 

workflows. 

Another important methodological consideration concerns the treatment of machine learning and artificial 

intelligence within the analysis. Drawing on established principles from the machine learning literature, the 

study emphasizes the distinction between algorithmic capability and operational effectiveness, recognizing 

that models trained on historical data may exhibit biases, brittleness, or limited generalizability when deployed 

in dynamic threat environments (Alpaydin, 2014). Accordingly, the methodology critically examines how AI 

components are embedded within SOC playbooks, paying particular attention to issues of explainability, 

human-in-the-loop decision-making, and the potential for automation bias (Mayhew et al., 2015). This critical 

stance reflects an awareness that methodological rigor in cybersecurity research must extend beyond 

performance metrics to encompass organizational and ethical dimensions. 

The analysis also incorporates insights from insider threat research that emphasize the importance of 

contextual and relational data. Graph-based approaches, for instance, are examined not only for their technical 

merits, but also for their capacity to represent social and organizational relationships that influence behavior 

(Gamachchi et al., 2017). Similarly, stream mining and temporal modeling techniques are evaluated in terms 

of their ability to capture evolving patterns of activity over time, which is particularly relevant for detecting 

slow-moving insider threats and multi-stage ransomware campaigns (Parveen et al., 2011; Lu and Wong, 

2019). By integrating these perspectives, the methodology seeks to demonstrate how AI-driven playbooks can 

leverage complementary analytical paradigms to enhance investigative depth. 

In operationalizing this integrative methodology, the study employs a narrative synthesis approach that 

organizes the analysis around key investigative functions within the SOC, such as detection, triage, correlation, 

and response. For each function, relevant literature is examined to identify prevailing techniques, challenges, 

and proposed solutions, which are then interpreted through the lens of AI-optimized playbooks (Gartner, 

2020). This functional framing allows for a systematic exploration of how theoretical insights translate into 

practical workflows, without resorting to prescriptive or tool-specific recommendations. Importantly, the 

methodology maintains a descriptive and analytical focus, avoiding normative claims that cannot be 

substantiated by the provided references. 

The limitations of this methodological approach are acknowledged as part of the research design. By relying 

exclusively on existing literature, the study does not generate new empirical data or validate specific 

algorithms in operational settings. Consequently, the findings should be interpreted as theoretical and 

conceptual contributions rather than definitive empirical conclusions (Alpaydin, 2014). Additionally, the 

exclusive use of the provided references, while ensuring compliance with the task constraints, may omit 

relevant perspectives from adjacent fields or more recent empirical studies. Nevertheless, this constraint also 

serves as a methodological strength, as it enables a focused and coherent synthesis that highlights the internal 

consistency and complementarities within the selected body of work (Rajgopal, 2025). 

Overall, the methodology reflects a deliberate effort to balance depth, breadth, and critical rigor in examining 

AI-driven SOC playbooks and their role in anomaly-centric threat investigation. By situating technical 

techniques within historical, organizational, and theoretical contexts, the study aims to provide a robust 

foundation for the subsequent analysis of results and discussion of implications, consistent with the 
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interpretive traditions of cybersecurity research (Garcia-Teodoro et al., 2009). 

RESULTS 

The results of this integrative analysis emerge from a systematic synthesis of the provided literature, revealing 

a set of recurring patterns and conceptual convergences that collectively illuminate the role of AI-driven SOC 

playbooks in contemporary threat investigation. Rather than presenting empirical measurements or statistical 

outcomes, the results are articulated as descriptive and interpretive findings that reflect how different strands 

of research coalesce around shared challenges and solution paradigms. Central among these findings is the 

observation that anomaly detection, behavioral modeling, and automated orchestration are increasingly 

intertwined within SOC practices, particularly in response to ransomware and insider threats (Rajgopal, 2025). 

One prominent result concerns the evolution of anomaly detection from isolated, single-domain techniques 

toward multi-source and cross-domain fusion approaches. Early anomaly-based intrusion detection systems 

often focused narrowly on network traffic or system calls, leveraging statistical deviations or pattern 

mismatches to flag potential intrusions (Garcia-Teodoro et al., 2009; Creech and Hu, 2014). While effective 

in certain contexts, these approaches were limited by high false positive rates and a lack of contextual 

awareness. The literature reviewed here demonstrates a clear shift toward integrating data across domains and 

timeframes, enabling more robust assessments of peer-group consistency and behavioral norms (Eldardiry et 

al., 2014). This shift is particularly relevant for ransomware investigation, where early indicators may be subtle 

and distributed across network, host, and user activity logs (Rajgopal, 2025). 

A second key result pertains to the growing prominence of behavioral and relational modeling in insider threat 

detection. Graph-based frameworks and correlation graphs are repeatedly highlighted as effective means of 

capturing complex interactions among users, systems, and resources, thereby enabling the detection of 

anomalous relationships that may not manifest as simple statistical outliers (Eberle et al., 2010; Wang et al., 

2018). These approaches align closely with the investigative requirements of SOCs, where understanding the 

context and intent behind anomalous actions is often as important as detecting the actions themselves. The 

synthesis reveals that AI-driven playbooks can incorporate such graph-based insights by embedding relational 

reasoning into investigative workflows, allowing analysts to explore hypotheses about insider involvement or 

lateral movement in ransomware campaigns (Rajgopal, 2025). 

Deep learning–based techniques constitute another significant result area. Across the literature, methods such 

as restricted Boltzmann machines, deep autoencoders, deep belief networks, and long short-term memory 

models are shown to offer powerful capabilities for modeling high-dimensional security data and capturing 

temporal dependencies (Fiore et al., 2013; Liu et al., 2018; Lin et al., 2017; Lu and Wong, 2019). These 

techniques are particularly well-suited to detecting slow-burning anomalies and complex attack sequences that 

evade simpler models. However, the analysis also highlights consistent concerns regarding interpretability and 

operational trust, as the opacity of deep learning models can hinder analyst acceptance and complicate incident 

response (Alpaydin, 2014). AI-optimized SOC playbooks are identified as a potential mechanism for 

mitigating these concerns by contextualizing model outputs within structured investigative narratives that 

guide human decision-making (Rajgopal, 2025). 

The results further underscore the role of automation and orchestration in addressing the scale and complexity 

of modern SOC operations. Industry-oriented research emphasizes that the proliferation of security tools and 

alerts has created significant cognitive and operational burdens for analysts, leading to alert fatigue and 

inconsistent investigative outcomes (Gartner, 2020). In response, SOC playbooks have emerged as a means 

of standardizing responses, automating routine tasks, and ensuring that critical investigative steps are 

consistently executed. When augmented with AI-driven analytics, these playbooks can dynamically adapt to 

evolving threat contexts, prioritizing alerts based on risk and guiding analysts through evidence collection and 

hypothesis testing (Rajgopal, 2025). The literature synthesis suggests that such playbooks function as 

knowledge repositories that encode best practices derived from both empirical research and operational 

experience. 

http://www.ijmrd.in/index.php/imjrd/


764 https://www.ijmrd.in/index.php/imjrd/ 

INTERNATIONAL MULTI DISCIPLINARY JOURNAL FOR RESEARCH & DEVELOPMENT 

 

 

Another notable result relates to the integration of Zero Trust principles into anomaly-centric investigation. 

The Zero Trust model generates continuous streams of contextual data related to authentication, authorization, 

and access behavior, providing fertile ground for anomaly detection and behavioral analysis (Google Cloud, 

2023). The reviewed literature indicates that when this telemetry is incorporated into SOC analytics, it 

enhances visibility into potential insider misuse and credential compromise, which are common precursors to 

ransomware deployment (ENISA, 2021). AI-driven playbooks can leverage this data to enforce continuous 

verification and to adjust investigative priorities based on dynamic trust assessments, thereby aligning 

detection and response with Zero Trust assumptions (Rajgopal, 2025). 

Finally, the results reveal a convergence between research on insider threats and ransomware investigation 

that challenges traditional threat taxonomies. Insider threat research has long emphasized the importance of 

understanding legitimate user behavior and its deviations, while ransomware research has increasingly 

recognized the role of compromised credentials and internal reconnaissance (Parveen et al., 2011; Rajgopal, 

2025). The synthesis suggests that AI-driven SOC playbooks provide a conceptual and operational bridge 

between these domains, enabling investigators to apply insider threat analytics to ostensibly external attacks 

and vice versa. This convergence reflects a broader trend toward behavior-centric security models that 

prioritize contextual understanding over rigid threat classifications (Eldardiry et al., 2014). 

Collectively, these results paint a picture of an evolving SOC landscape in which AI-optimized playbooks 

serve as integrative frameworks for anomaly detection, behavioral modeling, and automated response. By 

synthesizing diverse analytical techniques and aligning them with structured workflows, such playbooks 

address longstanding challenges related to scale, complexity, and human cognition in security operations 

(Gartner, 2020). At the same time, the results highlight unresolved tensions concerning model interpretability, 

trust, and governance, which are explored in greater depth in the subsequent discussion (Alpaydin, 2014). 

DISCUSSION 

The findings synthesized in the results section invite a deeper theoretical and critical examination of what AI-

driven SOC playbooks represent within the broader evolution of cybersecurity practice. At a fundamental 

level, these playbooks can be interpreted as socio-technical artifacts that mediate the relationship between 

human analysts, automated analytics, and organizational security objectives. This interpretation aligns with 

longstanding debates in the intrusion detection literature regarding the balance between human expertise and 

machine intelligence, debates that date back to early knowledge-based systems designed to encode expert 

rules for detecting malicious behavior (Lunt et al., 1989). By revisiting these debates in light of contemporary 

AI capabilities, the discussion elucidates both the transformative potential and the inherent limitations of AI-

optimized investigative frameworks (Rajgopal, 2025). 

One of the most salient theoretical implications of the analysis concerns the shifting epistemology of threat 

detection and investigation. Traditional signature-based systems operate within a relatively deterministic 

epistemic framework, where known patterns are matched against observed data to yield binary judgments 

about maliciousness (Garcia-Teodoro et al., 2009). Anomaly-based systems, by contrast, introduce 

probabilistic and interpretive elements, as deviations from modeled norms must be contextualized and 

assessed in light of uncertainty. AI-driven SOC playbooks further complicate this epistemology by embedding 

machine learning outputs within structured investigative narratives that guide analyst reasoning (Rajgopal, 

2025). In doing so, they do not eliminate uncertainty, but rather reframe it as a managed and navigable aspect 

of the investigative process. 

This reframing has important implications for analyst cognition and organizational decision-making. Research 

on alert fatigue and cognitive overload suggests that analysts are often overwhelmed by the volume and 

ambiguity of security alerts, leading to inconsistent prioritization and response (Gartner, 2020). By encoding 

investigative logic and response actions into playbooks, organizations seek to standardize decision pathways 

and reduce reliance on ad hoc judgment. However, the discussion must also acknowledge the risk of 

automation bias, whereby analysts may over-rely on automated recommendations at the expense of critical 

scrutiny (Alpaydin, 2014). The literature implies that AI-driven playbooks should be designed not as 
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substitutes for human judgment, but as scaffolding that supports reflective and hypothesis-driven 

investigation, a distinction that is particularly important in complex ransomware and insider threat scenarios 

(Rajgopal, 2025). 

Another critical dimension of the discussion involves the integration of diverse analytical techniques within a 

single investigative framework. The results highlight how graph-based models, deep learning, and stream 

mining each contribute unique perspectives on anomalous behavior, capturing relational, latent, and temporal 

patterns respectively (Eberle et al., 2010; Liu et al., 2018; Parveen et al., 2011). The theoretical challenge lies 

in reconciling these perspectives in a manner that is coherent and actionable for SOC analysts. AI-driven 

playbooks address this challenge by providing a narrative structure that contextualizes outputs from multiple 

models, enabling analysts to explore how different signals converge or diverge with respect to a given 

hypothesis (Rajgopal, 2025). This narrative function resonates with broader theories of sensemaking in 

complex systems, where actors construct meaning through iterative interpretation of cues and feedback. 

The convergence of ransomware and insider threat analytics further underscores the need for such 

sensemaking frameworks. Insider threat research has long grappled with the ambiguity of intent and the 

difficulty of distinguishing malicious actions from benign deviations (Eberle et al., 2010). Ransomware 

campaigns exacerbate this ambiguity by deliberately mimicking legitimate administrative behavior, thereby 

exploiting trust assumptions embedded in organizational systems (ENISA, 2021). By applying insider threat 

analytics to ransomware investigation, AI-driven playbooks challenge traditional distinctions between internal 

and external threats, suggesting a more unified behavioral paradigm (Rajgopal, 2025). This paradigm shift has 

profound implications for how organizations conceptualize risk and allocate defensive resources. 

Zero Trust architectures add another layer of complexity to this discussion. On one hand, Zero Trust principles 

align naturally with anomaly-centric investigation by emphasizing continuous verification and contextual risk 

assessment (Google Cloud, 2023). On the other hand, the implementation of Zero Trust generates vast amounts 

of telemetry that must be analyzed and interpreted in real time, potentially exacerbating data overload 

challenges (Gartner, 2020). AI-driven playbooks can be seen as a necessary complement to Zero Trust, 

providing the analytical and procedural infrastructure needed to translate continuous verification into 

actionable investigative insights (Rajgopal, 2025). From a theoretical standpoint, this integration suggests a 

redefinition of trust not as a static attribute, but as a dynamic variable that is continuously inferred from 

behavior and context. 

Despite these promising implications, the discussion must also address significant limitations and 

counterarguments. One such limitation concerns the explainability of AI models embedded within SOC 

playbooks. Deep learning techniques, while powerful, often operate as opaque black boxes, making it difficult 

for analysts to understand why a particular alert or recommendation was generated (Alpaydin, 2014). This 

opacity can undermine trust in automated systems and complicate post-incident analysis, particularly in 

regulated environments where accountability and auditability are paramount. The literature suggests that 

playbooks can partially mitigate this issue by providing contextual explanations and linking model outputs to 

observable evidence, but this remains an area of active research and debate (Rajgopal, 2025). 

Another limitation relates to the potential for institutional bias and overfitting. Anomaly detection models are 

trained on historical data that reflect existing organizational practices and threat experiences, which may not 

generalize to novel attack strategies or changing user behavior (Fiore et al., 2013). When such models are 

codified into playbooks, there is a risk that outdated assumptions become institutionalized, reducing 

organizational adaptability. This concern echoes earlier critiques of knowledge-based intrusion detection 

systems, which struggled to keep pace with evolving threats due to the rigidity of encoded rules (Lunt et al., 

1989). AI-driven playbooks must therefore be designed with mechanisms for continuous learning, validation, 

and revision, a requirement that has organizational as well as technical implications (Rajgopal, 2025). 

Ethical considerations also loom large in the discussion of anomaly-centric investigation. Insider threat 

detection and behavioral analytics inherently involve monitoring and analyzing user behavior, raising 

concerns about privacy, proportionality, and fairness (Eberle et al., 2010). The integration of AI into these 
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processes amplifies these concerns, as automated systems may infer sensitive attributes or generate false 

positives that adversely affect individuals. While the provided literature does not delve deeply into ethical 

frameworks, it implicitly acknowledges the need for governance structures that balance security objectives 

with individual rights (Gartner, 2020). AI-driven playbooks, as formalized investigative artifacts, could serve 

as loci for embedding ethical guidelines and oversight mechanisms, but this potential remains largely 

unexplored (Rajgopal, 2025). 

Looking toward future research, the discussion identifies several promising avenues. One area involves the 

development of adaptive trust models that dynamically integrate behavioral, contextual, and relational data to 

inform investigative decisions within SOC playbooks (Google Cloud, 2023). Another involves advancing 

explainable AI techniques tailored to security analytics, enabling analysts to interrogate and validate model 

outputs more effectively (Alpaydin, 2014). Additionally, there is a need for empirical studies that examine 

how AI-driven playbooks are used in practice, including their impact on analyst performance, organizational 

learning, and incident outcomes (Gartner, 2020). Such studies would complement the theoretical synthesis 

presented here and provide a more nuanced understanding of the socio-technical dynamics at play. 

In sum, the discussion situates AI-driven SOC playbooks at the intersection of multiple scholarly traditions, 

including intrusion detection, machine learning, organizational studies, and security architecture. By 

integrating anomaly detection, insider threat analytics, and Zero Trust principles, these playbooks represent a 

significant step toward more holistic and adaptive security operations (Rajgopal, 2025). However, realizing 

their full potential requires sustained attention to interpretability, governance, and human factors, lest 

automation become a source of new vulnerabilities rather than a remedy for existing ones. 

CONCLUSION 

This article has presented an extensive, integrative examination of AI-driven Security Operations Center 

playbooks as a unifying framework for anomaly-centric threat investigation in the context of ransomware and 

insider threats. By synthesizing foundational and contemporary research on intrusion detection, behavioral 

analytics, and security architecture, the study has argued that AI-optimized playbooks function as socio-

technical mechanisms that encode institutional knowledge, coordinate analytical techniques, and support 

human decision-making under conditions of uncertainty (Rajgopal, 2025). The analysis highlights how the 

convergence of anomaly detection, graph-based modeling, deep learning, and Zero Trust principles reflects a 

broader shift toward behavior-centric security paradigms that transcend traditional threat classifications. 

At the same time, the article has underscored the limitations and challenges inherent in this shift, including 

concerns about explainability, automation bias, and ethical governance. These challenges do not negate the 

value of AI-driven playbooks, but rather point to the need for thoughtful design, continuous evaluation, and 

interdisciplinary research. As ransomware campaigns and insider threats continue to evolve, the capacity of 

SOCs to adapt will depend not only on technological innovation, but also on the integration of human 

judgment, organizational learning, and principled governance within AI-enabled investigative frameworks 

(Gartner, 2020). In this sense, AI-driven SOC playbooks represent both an opportunity and a responsibility 

for the cybersecurity community. 

REFERENCES 

1. Gartner. (2020). Market guide for extended detection and response. Gartner Research. 

2. Parveen, P., Evans, J., Thuraisingham, B., Hamlen, K. W., & Khan, L. (2011). Insider threat detection 

using stream mining and graph mining. In Proceedings of the Privacy, Security, Risk and Trust and 

IEEE Third International Conference on Social Computing. 

3. Fiore, U., Palmieri, F., Castiglione, A., & De Santis, A. (2013). Network anomaly detection with the 

restricted Boltzmann machine. Neurocomputing, 122, 13–23. 

4. Rajgopal, P. R. (2025). AI-optimized SOC playbook for Ransomware Investigation. International 

http://www.ijmrd.in/index.php/imjrd/


767 https://www.ijmrd.in/index.php/imjrd/ 

INTERNATIONAL MULTI DISCIPLINARY JOURNAL FOR RESEARCH & DEVELOPMENT 

 

 

Journal of Data Science and Machine Learning, 5(02), 41–55. 

5. Lunt, T. F., Jagannathan, R., Lee, R., Whitehurst, A., & Listgarten, S. (1989). Knowledge-based 

intrusion detection. In Proceedings of the Annual AI Systems in Government Conference. 

6. Google Cloud. (2023). Zero trust: Principles and implementation. Google Cloud Security Whitepaper. 

7. Eberle, W., Graves, J., & Holder, L. (2010). Insider threat detection using a graph-based approach. 

Journal of Applied Security Research, 6, 32–81. 

8. Garcia-Teodoro, P., Diaz-Verdejo, J., Macia-Fernandez, G., & Vazquez, E. (2009). Anomaly-based 

network intrusion detection: Techniques, systems and challenges. Computers and Security, 28(1–2), 

18–28. 

9. Eldardiry, H., Sricharan, K., Liu, J., Hanley, J., Price, B., Brdiczka, O., & Bart, E. (2014). Multi-

source fusion for anomaly detection: Using across-domain and across-time peer-group consistency 

checks. Journal of Wireless and Ubiquitous Applications, 5, 39–58. 

10. ENISA. (2021). ENISA threat landscape 2021. European Union Agency for Cybersecurity. 

11. Alpaydin, E. (2014). Introduction to Machine Learning. MIT Press. 

12. Creech, G., & Hu, J. (2014). A semantic approach to host-based intrusion detection systems using 

contiguous and discontiguous system call patterns. IEEE Transactions on Computers, 63(4), 807–819. 

13. Gamachchi, A., Sun, L., & Boztas, S. (2017). Graph based framework for malicious insider threat 

detection. Proceedings of the Hawaii International Conference on System Sciences. 

14. Liu, L., De Vel, O., Chen, C., Zhang, J., & Xiang, Y. (2018). Anomaly-based insider threat detection 

using deep autoencoders. Proceedings of the IEEE International Conference on Data Mining 

Workshops. 

15. Lu, J., & Wong, R. K. (2019). Insider threat detection with long short-term memory. Proceedings of 

the Australasian Computer Science Week. 

16. Wang, J., et al. (2018). Learning correlation graph and anomalous employee behavior for insider threat 

detection. Proceedings of the International Conference on Information Fusion. 

 

http://www.ijmrd.in/index.php/imjrd/

