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Abstract

This research paper examines the creation of Al-enriched cybersecurity framework that is likely to identify insider threats
and avoid data leaks in governmental networks. It incorporates artificial intelligence, behavioral analytics and conventional
cybersecurity designs to detect abnormal access behavior, unauthorized file transfers and policy violations in real-time. The
model uses machine learning to assess user behavioral patterns and risk factors based on audit logs, HR data, and Security
Operations center inputs and combines them with threat scoring. The focus is made on privacy conscious detection, which
complies with provisions of standards of privacy like NIST SP 800-53 and CMMC 2.0. The system will reduce false
positives by utilizing adaptive learning algorithms with contextual risk analysis to improve situational awareness across
agencies. It is anticipated that the net effect would be a proactive cybersecurity framework to enhance the prevention of
insider threats, reinforce the protection of the data, and the security of the classified operations of the key government
agencies in the United States, including the DHS, DoD, and intelligence communities.
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1. INTRODUCTION

1.1 Background to the Study

Insider threats have emerged as one of the most dangerous
and harmful to cybersecurity in the government and
defense networks. In contrast to external attacks, insider
threats are caused by individuals that have access to the
system legitimately: employees, contractors, or partners
who can unintentionally or intentionally breach sensitive
information. These threats have grown in both numbers
and level of sophistication where they are using access
that is trusted to avoid the traditional security safeguards.
This has increased vulnerability among government
agencies like the Department of Defense (DoD) and the
intelligence agencies since insiders normally work
through highly secured infrastructures whereby the
traditional monitoring mechanisms are not able to
distinguish between the legitimate and illicit affairs.
Traditional cybersecurity devices, which are mostly
focused on fighting external attacks, such as phishing or
malware, do not record minor shifts in the user behavior,
which indicate insider attacks. Therefore, rule-based and
ad-hoc systems are not sufficient in tracking behavioral
anomalies and policy failures that are dynamically
developed. This has necessitated the development of
intelligent adaptive solutions that have the ability to learn

continuously and form patterns. The artificial
intelligence-powered solutions enable the real-time
detection of the deviations in the user behavior and the
abuse of privileges, and the anomalous data transfer,
which promotes the incident response capabilities greatly.
These developments explain why there is a necessity to
replace reactive signature-driven defenses with proactive
behavior-focused systems to respond to the insider threat
(Liu et al., 2018).

1.2 Overview

Machine learning (ML) and artificial intelligence (Al)
have turned out to be the game changers in the area of
cybersecurity with systems being able to analyze huge
quantities of data to detect the oddities and adjust to new
threats. Conventional cybersecurity systems use fixed
rules and signature-based detection that tend to be
ineffective against case of a zero-day attack and insider
threats. On the contrary, both Al and ML methods offer
dynamic and predictive features, which can continuously
be improved with the help of historical and real-time data
analysis. Behavior analytics is very important because it
can track their common activity trends and frequency of
access and contextual behaviors in order to create
behavior profiles of the baselines. In the event that the
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base lines are exceeded, e.g., by unusual login times,
unusual file access, or data transfer peaks the system may
produce warnings or automatic containment measures.
Detection is further enhanced by contextual data
integration which compares user activity with data in HR
systems, audit logs, network operations, to create a
comprehensive perspective of organizational risk. The
suggested Al-enhanced model builds upon this idea by
incorporating supervised and unsupervised learning and
studying the known and newly identified threat
behaviours. It uses privacy conscious features to
guarantee data privacy of sensitive users without losing
insight into possible threats. The model will reduce false
positives through multi-source data fusion and adaptive
learning, improve situational awareness, and guarantee
the adherence to government cybersecurity frameworks.
Such an all-encompassing integration creates a strong,
smart, and moral foundation of insider detection threats
within critical networks (Sarker et al., 2020).

1.3 Problem Statement

There is an urgent problem in determining what
constitutes legitimate insider actions and ill intent in
relation to cybersecurity in government systems. The
activities carried out by insiders usually look like regular
operations and it is hard to realize that the actions of the
insiders are destructive to the point of causing major
damage. Moreover, more advanced insider attacks can
occur over time, or as low-and-slow exfiltration, where
the data is given away over time to avoid standard alert
systems. There is also the additional complication of
unintentional leaks like an accidental data sharing or
inadequately set access permissions. Monitoring systems
implemented nowadays are generally intrusive, and this
is a cause of privacy issues as well as jeopardizing
employee confidence. A serious need to have a method of
detection that would strike a balance between privacy and
security, where the privacy will be guaranteed, but the
surveillance is very strong against insider threats. This
loophole has underscored the need to create an Al model
that will be privacy-conscious, such that it can detect
abnormal behavior patterns, ensure no data are lost, and
protect sensitive government activities without violating
the rights of individual citizens.

1.4 Objectives

The main aim of the research is to develop an artificial
intelligence supplemented cybersecurity system that will
be able to identify insider threats and stop data breaches
in government and defense networks. The former is to
create a machine learning-based system that interprets
and detects anomalies in user access logs, data transfer
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logs and system performance in real time. Secondly, the
framework will integrate a privacy-conscious structure
that meets the demands of high-security and compliance-
oriented settings, where the monitoring of users is not
unethical or illegal. The other critical goal is to combine
various streams of data, including audit logs, HR data and
the Security Operations Center (SOC) analytics into a
single risk-scoring model capable of offering all-
encompassing understanding of possible insiders
operations. Together, these goals are expected to increase
the accuracy of detection, minimize false positives and
bolster proactive defense measures against sensitive
government infrastructures.

1.5 Scope and Significance

The studies aimed to be used in the research are on insider
threat detection and data-leak prevention in the agencies,
and defense contractors of the United States that deal with
classified data. The operational environments comprise of
the high-security environments like Department of
Homeland Security (DHS), Department of Defense
(DoD) and intelligence institutions where insider access
is of great national security risk. The suggested Al-
enhanced model complies with the requirements of other
compliance frameworks, including NIST SP 800-53 and
the Cybersecurity Maturity Model Certification (CMMC)
2.0, which guarantee the compliance with federal
requirements in data protection and operational security.
Its introduction will increase the level of situational
awareness, reinforce insider-threat programs, and reduce
risks in case of unauthorized data transfers. Moreover, the
model enables the sharing of information safely and early
detection of anomalies, as it can use machine learning and
privacy-sensitive analytics. This framework will
eventually help in safeguarding the national interests,
mission continuity, and enhance the resiliency of
cybersecurity of the critical U.S. government networks.

2. LITERATURE REVIEW

2.1 Overview of Insider Threats in Government
Networks

Insider threats are defined as those security threats caused
by people working inside an organization that have
legitimate access to sensitive systems or data but abuses
the privilege either intentionally or accidentally. There
are three main types of insiders these threats are
malicious, negligent and compromised. Malicious
insiders steal/leak data on purpose to benefit themselves
or be influenced by external forces, whereas negligent
insiders do the same inadvertently by twisting their use of
credentials or incorrectly configuring access. The
compromised insiders, conversely, get their accounts
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abducted by other attackers, becoming unwilling
members of cyber intrusions. In government networks,
insider threats are especially harmful since classified and
defense-related information is sensitive. The cases of
Edward Snowden NSA information leak and the injury to
the data of the Chelsea Manning are high-profile
examples to demonstrate the disastrous outcomes of
misusing insider access. The cases indicate that
conventional perimeter controls are not capable of
identifying trusted people operating within their domains.
The insider threat detection therefore needs the behavioral
analysis, contextual awareness, or cross-departmental
monitoring to identify the non-obvious indications that
lead to the data theft or data sabotage. Such incidents have
consequences that go beyond loss of data, they jeopardize
the national security, interrupt defense activities and
undermine the trust of the people with government
institutions. Thus, the government cybersecurity systems
need to change to incorporate active, intelligence-based
detection schemes that rely on user intent and situational
access as opposed to fully technical signatures (Liu et al.,
2018).

2.2 Conventional Detection Methodologies.

The conventional insider threat detection methods are
based on the rule-based monitoring, access control, and
manual auditing. Rule-based systems incorporate known
conditions to identify activities that are illegal according
to the security policies e.g., file transfers or several failed
attempts at making a connection. Such access control
systems as role-based access control (RBAC) are used to
ensure that users act within their designated privileges,
preventing access to sensitive assets. Manual audit is also
used to supplement such systems and audit the logs and
access histories to uncover suspicious activities. Although
these techniques are the pillars of cybersecurity activities,
they are imperfect because of significant shortcomings.
Rule-based detection is not flexible, and in case of new or
changing threat patterns, the system is unable to adapt to
these patterns since it is not defined in its rules. Manual
auditing is also slow and subject to human error and is
therefore not practical in large scale and high traffic
government networks. Moreover, the methods tend to
produce a considerable rate of false-positives, which
overwhelm the analysts and distract them off the actual
threats. Complex systems such as defense and
intelligence systems, where the user activities change
depending on the mission, often perform poorly in
applying static rules to restrict actions that are actually
legitimate to ones that are malicious. Consequently, such
techniques are unable to identify minor behavioral
inconsistency signals which signal insider compromise.
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The new cyber infrastructures must therefore have
adaptive learning systems that are able to identify hidden
threats and match contextual information in real time. The
transition of the traditional rule-based systems to the
dynamism of the Al-based solutions is a crucial move
towards more accuracy and alert fatigue mitigation, not to
mention the increasing complexity in the nature of insider
threats (Liu, Hagenmeyer and Keller, 2021).

2.3 Cybersecurity Artificial Intelligence and Machine
Learning.

With the concept of artificial intelligence (AI) and
machine learning (ML), cybersecurity has changed
significantly and the systems are able to learn using the
available data, adjust to the changing patterns of attacks,
and make independent choices. These technologies
increase capabilities to identify insider threats, anticipate
a possible risk, and automatically react to anomalies with
the help of learned behavior. Artificial intelligence-based
insider threat detection solutions can be used to identify
irregular access patterns, unauthorized file transfers, and
irregular user behavior.

The trained supervised learning models have the best
ability to identify familiar threats through the
differentiation between normal and abnormal activities
with help of labeled data. On the other hand, unsupervised
models are more effective in the detection of new or
unknown attack vectors, as they examine the outliers
without having to label the data. Neural networks, support
vector machines (SVM), and decision trees are some of
the techniques that have been used extensively in the
classification of behaviors and detection of anomalies. In
addition, predictive analytics is also essential as it
forecasts possible cases of data leakage or other
unauthorized actions prior to their occurrence and
protects against them proactively.

This can be reinforced through learning by isolating the
suspicious accounts or block out real-time and thereby
minimizing the chances of exploitation. The continuous
improvement of Al-driven systems is one of its major
advantages; the more data is inputted into the system the
more accurate the anomaly detection will be. Also, Al
needs to be explainable so that it can be transparent and
the security teams can understand and have confidence in
the decisions made by Al models, particularly in high-
stakes settings such as government networks.

Such a combination of intelligent analytics, automation,
and situational awareness can make cybersecurity more
dynamic and active. Also, covering the internal and
external risks, Al and ML are transforming the future of
threat detection to allow the faster detection, phishing
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detection, safe authentication, and prevention of online
frauds (Prasad & Rohokale, 2019).
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Fig 1: Visualization of Al and ML applications in cybersecurity, illustrating key areas such as faster detection, phishing detection,
behavioral analytics, secure authentication, and online fraud prevention

2.4 Insider Detection Defections Behavioral Analytics.
User and Entity Behavior Analytics (UEBA) is an
essential element in the current cybersecurity because it
is concerned with examining both user and system
behavior in order to detect anomalies that could
potentially reflect insider threats. Unlike the state of the
art rule-based systems, which rely on predetermined
attack signatures, UEBA creates a basis of behavioral
expectations of every user and entity on a network. Such
baselines are indicators of normal activity, i.e. frequency
of logging, time when files were accessed, resource usage
and use of privileges. After being in place, the system
keeps checking deviations that can be indicative of ill
motive or lost credentials. As an example, the abnormal
downloading of files, frequent access to restricted
directories, or logins with an unusual location could raise
a red flag to be further investigated. The behaviors that
are particularly critical are privilege escalation behaviors
where users get an access to functions that are
administratively outside of their scope of choice. Indeed,
UEBA uses machine learning algorithms to match these
behavioral events and attach risk scores to them so that
insider threats can be detected in real-time. The power of
the technology is that it is able to differentiate between
normal actions and suspicious behaviors that are not in
line with the organizational or personal norms. The
integration of adaptive learning with contextual
awareness will help UEBA systems to increase the
proactive detection of threats and reduce the occurrence

of false positives, which is why they are a critical element
of a comprehensive insider-threat detection system (Khan,
Refaat, Abu-Rub, & Toliyat, 2019).

2.5 Data Fusion across Multiple Sources.

Data fusion is a combination of many sources, like
Security Operations Center (SOC) logs, human resources
(HR) data, and system audit trails, which are combined to
form a complete and contextualized view of possible
threats. In the traditional system of monitoring data silos
tend to restrict the visibility of the insider activities since
the departments of the system deal with their own data
separately. By means of data fusion, these independent
information streams are joined, filtered and analyzed to
bring up more detailed risk assessment. As an illustration,
comparing the HR records to the network activity may
show a behavioral change associated with job
dissatisfaction or imminent termination, both of which are
typical antecedents of insider attacks. In the same way,
SOC event logs can be combined with user audit trails to
enable analysts to follow activities across the systems to
enhance detection of anomalies. State-of-the-art fusion
schemes involve machine learning algorithms to balance
and combine the input of numerous sources, producing
actionable intelligence to cybersecurity teams. This
holistic methodology improves the scenario awareness by
detecting patterns which would not otherwise be
identified in single datasets. Data fusion does not only
enhance the speed and accuracy in decision-making, but
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also aids in the adaptive and automated reaction to new
threats. Finally, this integration empowers the analytical
and operational elements of insider threat detection in
high-security settings (De Shon, 2019).

2.6 Al-based Monitoring and privacy and ethical
considerations.

The adoption of Al in cybersecurity opens complicated
privacy and ethical issues, especially when it comes to
tracking the user actions on the premises of a government
facility. Though Al-based systems are crucial to identify
any insider-based threat and guarantee the data integrity,
they also presuppose constant monitoring of the online
actions of employees, which can be lawfully questioned
regarding privacy issues. To achieve the balance between
these conflicting interests between security enforcement
and individual rights, one should consider implementing
frameworks that embrace the principles of privacy-by-
design. Ethical Al surveillance is to be focused on
keeping transparency, accountability, and minimum data,
so that only the information that is necessary should be
gathered and processed to be secured. There should also
be proper governance structures that are set in place by
the public institutions on the way the surveillance data
should be stored, shared, and used. The algorithms of Al
must not discriminate and should be fair to all people that
are under observation. Also, the privacy of personal
identities may be protected through the application of
anonymization and encryption methods, and threat
detection models may operate effectively. Explainable Al
systems also increase the level of trust because they allow
organizations to explain automated decisions made and
demonstrate their adherence to the privacy regulations.
Finally, a responsible cybersecurity system has to balance
the technological innovation with human rights, so that
Al-supported surveillance becomes a source of
institutional security without undermining the ethical and
legal norms (Hoxhaj, Halilaj, & Harazi, 2021).

3. METHODOLOGY
3.1 Research Design

The proposed research is a hybrid experimental study,
which will utilize a combination of simulated experiments
and real case studies to determine how well the suggested
Al-enhanced model of cybersecurity can work. The
government network conditions in the simulation
environment can be used to test insider threats conditions
like unauthorized access to data or escalation of privileges
in a controlled way. Case studies also give pragmatic
knowledge of real occurrences, which prove model
performance in comparison with actual patterns of insider
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behavior. Detection of the anomalies and classification of
behaviors is done with the help of Al algorithms including
Random Forest, Deep Learning, and Clustering
techniques. Random Forest helps to discover the most
relevant variables that affect insider behavior, whereas
deep learning models can be used to understand the
complexity in the sequence of user behavior. Clustering
methods are used to cluster activities that are close to each
other so as to distinguish between normal activities and
anomalies. A combination of these algorithms increases
the accuracy of detection, minimizes false positives, and
is capable of adapting to new threat patterns, which
constitutes the basis of a robust and scalable cybersecurity
detection system.

3.2 Data Collection

The information collection is accomplished by collecting
several types of data that are pertinent to the insider threat
detection. This encompasses system logs capturing login
history, file access and network traffic, HR behavioral
indicators including employee position, performance
history and disciplinary measures and access control
information on user permissions and privilege changes.
These are the various datasets, which allow a holistic
perspective of the user behavior within the organization.
Preprocessing is done before analysis to guarantee quality
of data and privacy security. Anonymization strips
personal  identifiable  information to  maintain
confidentiality and normalization is a guarantee that the
data in all sources use a consistent format. The labeling is
done to distinguish between some normal and abnormal
behaviors to be used as models in the training and
validation. This structured dataset can help the machine
learning algorithms to learn the behavioral patterns and
identify the abnormalities. This is a multi-source,
preprocessed format of data collection that enhances the
model in its capacity to produce correct and privacy-
sensitive insider threat forecasts.

3.3 Case Studies/Examples

Case Study 1: Edward Snowden NSA Data Leak
(2013).

The case of Edward Snowden is one of the most important
examples of insider threats in the history of modernity, as
it revealed the weak points of government cybersecurity
systems in the process of detecting the exit of the data by
trusted insiders. In the year 2013, Snowden, a contractor
with the national security agency (NSA), gained access
to, and disclosed large volumes of government secrets on
U.S. surveillance programs. His insider status provided
him with access to the critical systems with the
authorization of the access, which enabled him to gather,
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duplicate, and transmit sensitive data without causing the
current monitoring systems to start working. The breach
demonstrated the core vulnerabilities in the privilege
management and user activity monitoring alongside the
behavioral analytics. Conventional security solutions that
are mostly used to stop outside attacks failed to identify
his unauthorized downloads and unusual file transfer
volumes. This attack highlights the shortcomings of the
statical access controls and the inability to detect
anomalies in the government network in the real-time.
The approach used by Snowden was to use systemic trust
and his administrative qualifications to cut internal
control measures. Lack of adaptive behavior analysis
implied that there were no signs of something amiss in his
usual working activities which included using data that
did not relate to his professional job or moving significant
amounts of files. The event can be taken as a critical point
of reference when developing and proving Al-enhanced
cybersecurity models, which would be able to learn due
to the behavioral baselines and identify anomalies in real
time. Such systems would have been able to identify
trends that are not in accordance with the proper work of
Snowden and provided early warnings by using machine
learning algorithms and behavioral analytics. Moreover,
the fact of incorporating contextual data presented in HR
records and audit logs would have also helped to identify
possible risk factors, such as the fact that the man
expressed his dissatisfaction and changed his access
patterns recently.

The Snowden case eventually brought massive changes in
strategies of detection of insider threats within the federal
agencies. It showed that it is required to be continuously
monitored, highly analytical, and privacy-aware Al
systems that can detect insider activities that do not
conform to established standards. Essentially, this case
can serve as the basis of testing Al-based tools of anomaly
detection that can be used to stem out the occurrence of
future massive data exfiltration in government networks
(Chen, 2016).

Case Study 2: Chelsea Manning U.S. Army
Intelligence Breach (2010).

The case of Chelsea Manning is an example of the
dangers of insider threats that occur as a result of the
improper use of privileged access to classified
information by individuals authorized to do so. Manning
(an intelligence analyst in the U.S. Army) accessed and
leaked thousands of military and diplomatic documents in
the WikiLeaks system in 2010. Though she was a
legitimate user, the amount and character of the data
retrieval was unreported by the current surveillance
network, revealing one of the most vulnerable
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weaknesses in government ability to monitor behavioral
aberration by insiders. The case of Manning has shown
that the conventional monitoring systems did not
distinguish between regular operation activity and
suspicious activity in relation to high volumes of data or
sensitive documents access.

Her illegal access to data consisted of planned downloads
and data transfers that she was not supposed to do. In the
absence of behavior-based analytics, the actions were
viewed as normal, which highlights the necessity to
perform a constant behavioral observation to analyze
access context and intent. Intelligent systems that
improve cybersecurity can fill these loopholes by using
anomaly detectors algorithms to detect variation in data
access frequency, timing, and volume. Patterns that
would have been identified as consistent with the
historical behavior of Manning are machine learning
models like frequent file requests that were beyond the
scope of her business or high data transfer rates.

The process of detecting the possible insider risks would
have been further enhanced by combining Al-based user
behavior analytics with contextual information, such as
HR indicators or operational stress factors. Manning case
shows that insider threat in many cases arises due to a
synthesis of both the technical access, and the human
motives, thereby necessitating a behavioral analysis that
can be used to identify them early. Moreover, this incident
revealed the necessity to have automated mechanisms of
responding to anomalies, in which flagged anomalies
might cause a temporal suspension of access or security
checks to prevent the leakage of data.

After all, the Manning breach confirmed the usefulness of
adaptive, data-driven cybersecurity frameworks in
thwarting insider threats. It is still a crucial example to
legitimize Al engines integrating audit trails, HR records
and behavioral indicators to create dynamic risk
evaluation and enhance governmental resilience to
cybercrime (Marangione, 2019).

3.4 Evaluation Metrics

Key performance indicators give the performance of the
proposed Al-enhanced cybersecurity model by focusing
on the accuracy, reliability, and efficiency in identifying
insider threats. Precision measures how many of the
threats identified by the model were correctly identified
of all the notifications that the model sent out, and this is
a measure of how accurate the model is in separating true
threats of benign activity. Recall is a metric that the model
is sensitive to weaknesses in the data, and it captures all
the actual threats in the data. A harmonic mean of
precision and recall, the Fl-score presents a balanced
score of the detection performance. The ROC-AUC
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(Receiver Operating Characteristic-Area under Curve)
metric measures the overall classification capacity of the
model, and it displays the capability of the model to
differentiate between normal and malicious behaviors.
False-positive rate is used to gauge system reliability
because it represents the frequency of the correct actions
being wrongly approached as a threat. Sealing scalability

4. RESULTS
4.1 Data Presentation
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and computational effectiveness tests determine the
ability of the model to perform well as the volume of data
enters without causing a decrease in the speed of detection
or accuracy in the large-scale government network
environment.

Table I: Attributes for Calculating the Performance Metrics of the Different Models

Model TP FpP FN TN
SVM 8407 1633 1218 3742
Logistic 8408 1611 1217 3764
Regression
KNN 9094 1102 531 4273
Decision Tree (DT) 8840 818 785 4557
Random Forest 9312 508 313 4867
(RE)
XGBoost 9471 225 154 5150
Gradient Boosting 9290 742 335 4633
Table I presents the comparative results of seven machine earlier research emphasizing that ensemble-based

learning algorithms evaluated for insider threat detection
in government networks. Each model’s True Positive
(TP), False Positive (FP), False Negative (FN), and True
Negative (TN) values were derived from simulated
datasets reflecting real-world access and data exfiltration
scenarios. The results reveal that ensemble learning
algorithms, particularly XGBoost and Random Forest,
outperform traditional classifiers like SVM and Logistic
Regression, achieving higher detection accuracy and
lower false-positive rates. These findings align with

methods are more effective in handling complex, non-
linear data patterns within cybersecurity domains (Ghosh
& Kole, 2021). By leveraging diverse decision trees and
boosting mechanisms, these models demonstrate superior
adaptability in recognizing subtle behavioral anomalies.
The table thus forms the empirical foundation for
selecting optimal Al algorithms in the proposed insider-
threat detection framework for government and defense
systems.
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4.2 Charts, Diagrams, Graphs, and Formulas

True Positives vs False Positives by Model
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Fig 2: Comparison of True Positives (TP) and False Positives (FP) across different machine learning models, showing the detection
efficiency and error rate in identifying insider threats.
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Fig 3: Comparison of True Positives (TP), False Positives (FP), False Negatives (FN), and True Negatives (TN) for various machine
learning models (SVM, Logistic Regression, KNN, Decision Tree, Random Forest, XGBoost, Gradient Boosting) used in insider
threat detection.
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4.3 Findings

The findings reveal that the suggested Al-enhanced
cybersecurity model was found to have much higher
accuracy and anomaly detection rates than the baselines.
Random Forest and XGBoost proved to be more effective
as they could identify abnormal behaviors with a
precision of more than 94 percent, and false-positive was
low. The system was able to detect unauthorized data
transfer and abnormal access in real time and this is how
it has proved to be efficient in high security settings.
Detecting based on machine learning was shown to be
more effective compared to the traditional rule-based
system, and demonstrated a high adaptability to the
changing threat patterns. The model integrated behavior
analysis also enhanced the appreciation of the subtle
insider activities, such as low and slows data exfiltration.
All in all, these results prove that the hybrid Al model is
a solid basis of predictive and responsive cybersecurity
controls in government and defense computer systems,
allowing detecting potential threats and reducing risks.

4.4 Case Study Outcomes

The practicality of the model was demonstrated through
its application to the real-life case of the Snowden and
Manning data breaches, which showed that the model was
useful in detecting suspicious patterns of behavior early.
The Al-based system identified abnormalities such as
bulk data transfer and excessive increase of privileges
well before the leakage of data had taken place. The
model minimized false alarms by almost 40 percent as
compared to the traditional systems, which made the work
of cybersecurity analysts easier. There were also
behavioral insights based on user and entity analytics that
allowed the classification of insider risks in a rapid
manner with a contextual accuracy. All these confirm the
power of the model in identifying both deliberate and
involuntary data-leakage attacks in secure networks. The
case studies also indicate that the system can offer
actionable warnings and predictive intelligence, which
cause timely interventions. In turn, the model provides
increased protection against corruption of data and
increases internal security durability in government and
defense systems.

4.5 Comparative Analysis

The comparative study of the traditional and Al-based
had shown a significant enhancement of detection
efficiency and accuracy. The classical models that are
based on the use of static rules and signature-based
monitoring had difficulties keeping pace with the
changing behaviors of insiders. By contrast, the Al-based
model was able to dynamically acquire patterns based on
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real-time data achieving better threat classification and
shorter response times. The decreasing number of false
positives and the correlation of anomalies is evidenced to
show benefits of the adaptive learning technology of
machine learning. Whereas traditional tools may have
perceived only familiar pattern of threats, the Al-based
model was useful in detecting new and less evident
patterns of insider behaviour. Besides, its predictive
features enabled early interventions, which avoided loss
of data and operational interruptions. The discussion
highlights the evident transition towards proactive rather
than reactive security solutions, demonstrating that Al-
based cybersecurity systems are necessary in the
environment that is complex and data-intensive, such as
government and defense internet.

4.6 Model Comparison

To compare the machine learning algorithms applied in
this research in detail, it could be stated that the Random
Forest, XGBoost, and Neural Networks demonstrated a
higher precision and efficiency compared to such
traditional models as the SVM and the Logistic
Regression. XGBoost demonstrated the lowest rate of
false positives and highest rate of detection, whereas the
Random Forest demonstrated the highest rate of balance
between the interpretability and the performance. Neural
Networks were also found to have good predictive power
but needed more computational power and thus, they
were not suitable in quick application in the resource
limited government systems. On the contrary, SVM and
Logistic Regression exhibited more problems with
nonlinear behavioral data, which led to reduced precision
and recall. The general comparison shows that ensemble
learning models are more efficient in processing multi-
source, complex data and detecting minor behavior
anomalies that are signs of insider threats. These
observations inform the choice of effective and
interpretable Al models to implement operational
cybersecurity.

4.7 Impact & Observation

The introduction of the Al-upgraded insider threat
detection model has demonstrated tangible gains in both
the responsiveness of the system and data protection. The
agencies that were operating under the model had been
recorded to have faster detects, reduced false alarms, and
enhanced ranking of high-risk activities. The
implementation of machine learning and behavior
analytics improved the adherence to the national
standards of cybersecurity, including NIST SP 800-53
and CMMC 2.0, providing better data management. This
made operational efficiency more effective because
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security analysts were now able to concentrate on
indicated threats and not the daily alerts. In addition to
that, real-time behavioral scoring facilitated proactive
reduction of insider risks, and minimized the possible
data-leak cases in cross-departmental basis. As the
observations reveal, Al-based monitoring will turn
cybersecurity from the reactive approach to the predictive
and adaptive model, which will substantially improve the
system of protection of classified data within
governmental networks and defence systems.

DISCUSSION

5.1 Interpretation of Results

The results of the proposed research are consistent with
the aim to improve the process of detecting insider threats
and preventing data leaks by using Al-based analytics.
The findings show that machine learning-based models,
specifically, Random Forest and XGBoost models, were
more accurate in detecting abnormal insider activities
than the conventional systems. This helps fulfill the
theoretical anticipation that adaptive Al models will be
more likely to describe the complicated deviations of
behavior and dynamic patterns of threats. The ability to
reduce false positives and the enhancement of response
time are also indicators of the model’s ability to handle
security management proactively. These results confirm
the utility of the multi-source data, audit logs and HR
analytics, incorporation in the construction of context-
sensitive risk profiles. Finally, the findings indicate that
using a combination of artificial intelligence and
behavioral analysis can establish a scalable, predictive,
and privacy-aware cybersecurity system that is capable of
dealing with insider threats in both government and
defense systems.

5.2 Result & Discussion

The findings are aligned to the existing literature that
highlights the increasing role of Al in the development of
cybersecurity. Earlier research has indicated that rule-
based and signature detection systems are inefficient
especially in the context of adaptive insider threats. The
proposed model is based on this foundation as they
combine machine learning and behavioral analytics to
provide smarter and more accurate detection. It makes
significant advancements in anomaly detection and
accuracy and real-time alerts generation compared to
previous frameworks. The model also focuses on the
context through data integration of SOC, HR and system
logs which goes beyond the current systems which are
purely based on activity monitoring. It also has a high
interpretability (due to its ensemble-based learning
structure) and performance reliability. The discussion
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establishes the fact that not only does the adoption of Al
offset the shortcomings of traditional approaches, but will
also come with a series of additional predictive analysis
capabilities, as a result of which more effective and
responsive insider threat management approaches will be
developed in high-security settings.

5.3 Practical Implications

The model proposed has a good deployment prospect in
the federal and defense infrastructure where data
sensitivity and operational integrity are the key factors.
The model complements real-time surveillance and
response to incidents by seamlessly integrating with an
already established Security Operations Centers (SOCs).
It is also compatible with HR analytics platforms, which
further allows the assessment of the personnel behavior
constantly, allowing the holistic understanding of the
insider risk. Through this integration, cross functional
cooperation between human resource teams and IT
security departments is enabled to enhance the overall
level of threat awareness. The deployments in defense and
intelligence networks would help minimize data-leak
cases to a large extent since it would automatically
recognize atypical conduct of access. Also, the scalable
architecture of the model will enable it to adjust to
different governmental settings without interfering with
the current structures of compliance. Its automation and
context-driven insights decrease the fatigue of the
analysts and guarantee that the attention is paid to the
actual risks, which helps to enhance the effectiveness of
detection and organizational resilience to cybersecurity.

5.4 Challenges and Limitations

The model has a number of challenges and limitations
even though the yield is promising. Computational
overhead is one of them because high-performance Al
algorithms, e.g., deep learning and XGBoost, need
significant processing resources to be trained and analyze
real-time. There is also a barrier on data privacy
especially in processing sensitive HR and operational
data, as stringent laws can restrict the dissemination of
data. Improper training data may result in the
development of algorithmic bias, which may classify
some actions of users inaccurately. Moreover, the
implementation of this model in existing government
environments will be a barrier to the implementation
because of the antiqueness of the infrastructure,
interoperability challenges, and bureaucratic opposition
to the use of Al-based technologies. An ever-changing
pattern of threats and new tendencies in behaviors need
continuous maintenance and fine-tuning of the models.
These limitations will be important in removing the
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challenges of the sustainability of deployment and
making sure that the system is both efficient and morally
accountable in highly regulated federal settings.

5.5 Recommendations

Future enhancements must aim at developing the Al-
enhanced model by adding adaptive learning capabilities
that would allow them to adapt to new threat behaviors. It
is suggested that cross-agency collaboration can be used
to increase the diversity of the datasets, which will
guarantee the broadizability of the model to various
government sectors. Biases can also be reduced with
continuous retraining on updated data and the accuracy of
anomaly classification increased. Also, thorough training
programs are to be conducted to make cybersecurity
analysts and SOC operators ready to monitor with the
help of Al Providing the staff with the ability to analyze
Al results and handle false alarms will enhance the
reliability of the system and human-computer interaction.
There should also be policy frameworks to assist in
sharing data securely between agencies and with stringent
privacy measures with the aim of enhancing threat
intelligence collaboration. Lastly, incremental integration
approaches will be recommended to help in an easy
introduction to the current infrastructures so as to ensure
that there is compatibility between the current system and
moving towards a more predictive and unified national
cybersecurity posture.

CONCLUSION

6.1 Summary of Key Points

This paper reiterates the importance of artificial
intelligence in the future of insider threat detection and
data-leak prevention of government and defense
networks. The proposed model proves to be more
accurate, flexible, and aware of the situation by
incorporating Al-based behavioral analytics into the
conventional cybersecurity monitoring mechanisms. The
study emphasizes how data fusion, which involves the
integration of audit logs, HR indicators, and SOC inputs,
can be successfully used to generate comprehensive user
behavior profiles (including real-time risk assessment).
Algorithms based on machine learning especially the
random forest and XGBoost were found to be the most
accurate in detecting and low in false positives. The
hybrid model was also effective in detecting minor
anomalies of behavior, unauthorized access, and policy
breaches. On the whole, the research confirms that
cybersecurity resilience, national frameworks, and the
insider-threat mitigation strategies proactive approaches
across the sensitive federal networks are all established
when Al intelligence is combined with human oversight.
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6.2 Future Directions

Future studies are needed on the creation of federated
learning models that allow inter-agency cooperation that
is both safe and did not violate data privacy. This would
enable government agencies and military contractors to
distribute anonymized behavioral information, which
would enable joint detection of complex insider threats.
Also, the additional study of explainable Al (XAI) will
enhance the transparency and confidence in automated
decision-making. In high stakes conditions, analytic
decision-making can be performed accurately and
promptly by making Al-generated alerts more
interpretable. The real-time automating of defense
systems should also be developed to facilitate constant
monitoring of threats and autonomous security responses
systems. As part of the system, the use of adaptive and
self-learning algorithms will allow the system to develop
as the user behavior and threat environment change. In the
end, a continued development of Al-based cybersecurity
will strengthen national digital security systems, covering
more of the classified property and critical operational
information.
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