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Insider threats are a continuous and dynamic issue in the field of  organizational security 
that may take various forms, such as an abuse of  authorized access to critical information 
systems and physical infrastructure. The traditional methods of  isolating system log analysis, 
behavioural monitoring, or physical access control often do not have the ability to identify 
multi-layered and subtle patterns of  threats. Multimodal data integration predictive analytics 
is a holistic approach since it integrates heterogeneous data volumes into coherent threat 
models that are able to pre-empt any possible threats before they escalate. The paper 
discusses the effectiveness of  predictive analytics in insider threat detection through analysis 
of  the connection between log records, behavioural indicators and physical security data. 
Instead, the focus is made on designing integrative frameworks, using advanced machine 
learning algorithms, and the applied implications on operational resilience. Issues like 
scalability, transparency of  algorithms, and even ethical considerations are also critical issues 
that are considered to provide a sound deployment in the modern security environment. 
The paper highlights the need to embrace multimodal predictive approaches as a tactical 
defence mechanism and developing theoretical arguments and practical interventions in 
cybersecurity risk management.
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INTRODUCTION
The development of  digital landscapes and the 
incorporation of  networks have made insider threats a 
burning issue in modern cybersecurity. Unlike external 
opponents who break through the barriers by hacking the 
systems situated on the outside, insiders have privileged 
access to the sensitive systems, and they manipulate their 
privileges to compromise the confidentiality, integrity, 
and availability. It makes the insider threats particularly 
ugly, since they bypass the standard monitoring controls 
and exploit blind spots within the organisational security 
landscape. These risks are in several forms such as 
anomalies in any system log records, deviation of  
behaviour, and even unauthorised physical intrusions. 
The sheer existence of  threat indicators points to the 
necessity to possess combined techniques that would 
unify such dissimilar data sets to an integrated form of  
predictive approaches. 
Predictive analytics provide a novel paradigm of  reactive 
response to security measures to anticipatory measures. 
Isolated monitoring systems tend to miss the existence 
of  small anomalies, whichthe reliability and validity of  
insider threat detection, contributing to the preparedness 
of  organizationslearning algorithms, and real-time data 
integration. By combining the multimodal sources of  
data, i.e. log entries, behavioural dynamics and evidence 
of  physical security, the emerging models are much more 

precise in the early signs of  insider activity. It is a form 
of  integration operation that enhances reliability and 
validity of  insider threat detection contributing to the 
preparedness of  organisations to internal risks. 
 The forecasting form of  strategies is pressing because 
the complexity of  insider strategies in the technologically 
sophisticated settings is improving. Even lower points 
are the companies that use decentralised infrastructure, 
cloud-based environments and work-from-home policies. 
The conventional detection systems, which are restricted 
in their ability to rely on only limited types of  data, are ill 
adjusted to the velocity, scale and variety of  the modern 
information streams. The Multimodal data integration 
using predictive analytics removes these shortcomings 
and gives an integrated analysis that can identify complex 
threat patterns. 
In other applications beyond technical applications, 
predictive analytics has further organisational and 
societal implications. Companies with an effective use 
of  multimodal predictive models can protect intellectual 
property, operations that are vital, and trust within 
the community. Besides that, predictive approach 
methodologies promote compliance with regulatory 
demands of  governance, risk, and data security. However, 
predictive systems are not generated without issues. The 
blurrings between security and personal privacy, the 
threat of  algorithm bias, the technical requirements of  
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scaling predictive models all remain pressing matters 
to take into account to be rolled out successfully. By 
creating predictive analytics, which is derived through 
the integration of  multimodal data, a breakthrough in 
the insider threat management realm has been reached. 
Such frameworks will prove useful in empowering more 
efficient pre-emptive defence by breaking the boundaries 
of  the traditional mechanisms of  detection and 
combining the log, behavioural, and physical data. The 
paper continues to examine methodological frameworks, 
applications, issues, and opportunities towards ensuring 
predictive analytics becomes a feature of  organisational 
security resilience.

LITERATURE REVIEW
Conceptualising Insider Threats
Insider threats are identified as a category of  organisational 
risk among the most complicated ones because of  
the duality of  advantage and susceptibility of  their 
implementation. The insiders can be those employees, 
contractors, or partners who have varying access to the 
system. Their risk of  threat stretches over both malicious 
and negligent acts and accidental breaches of  security 
measures. The most crucial issue, in most instances, has 
been how to differentiate between benign anomalies and 
those patterns that are likely to indicate intent to breach 
systems. Human behaviors is complex, and the number 
of  digital records is increasing every day, which has led to 
the development of  insider threat detection as a specialty 
area of  cybersecurity research.

Predictive Analytics in Cybersecurity
Predictive analytics entails past and immediate statistical 
forecasting, anomaly detection and machine learning 

algorithms, which are event oriented. Predictive analytics 
have had increasing uses in intrusion detection, malware 
detection, and fraud detection in cybersecurity. The 
transition to insider threat prediction has its share of  
special problems as the insiders are more likely to operate 
within the bounds of  normal activity and therefore the 
anomalies are not as evident. Supervised and unsupervised 
learning models are more advanced models that are 
frequently employed with an aim to expand the predictive 
potential. Neural networks and ensemble models are also 
more advanced models that are frequently employed with 
the view of  expanding the predictive potential. It has 
been stated that combining it with multimodal data is one 
of  the clues that can decrease the threat of  false positives 
and increase detection accuracy.

The Role of  Multimodal Data
Multimodal data also permits us to visualize the insider 
activities in a multidimensional perspective owing to 
the synthesis of  the various yet complementary data 
sets. The technical transactions involving information 
systems are also documented in system logs, user 
behaviors are traced in logs of  deviations in user 
behaviors, and system access logs provide evidence 
of  the trends of  access to secure environments. 
The modalities may be individually constrained, e.g. 
a suspect to be identified by log analysis, but not by 
behavioral analysis, whereas a suspect to be identified by 
behavioral analysis, but not by technical activity related 
to it. With such a combination of  datasets, you now 
have a comprehensive picture of  insider behavior, and 
such predictive models can find and recognize subtle 
and cross-domain relationships that would otherwise 
be overlooked.

Table 1: Comparative Characteristics of  Multimodal Data Sources
Data Source Typical Indicators Limitations When Isolated Contribution to Multimodal 

Framework
System Logs Login times, file access, 

network queries
May not reveal motive or 
context

Technical trace of  system-level 
activity

Behavioural Data Communication style, work 
patterns, stress

Risk of  misinterpretation or 
bias

Adds human-centric context to 
anomalies

Physical Security Entry/exit records, badge 
scans, CCTV logs

Limited when not linked with 
digital traces

Verifies location-based activity 
patterns

This comparative perspective proves the need to have 
integrated structures since both types of  data solve the 
weaknesses in the other.

Data Fusion Approaches
The data integration of  multimodal data is based on the 
techniques of  data fusion which binds the heterogeneity 
of  the data in terms of  format, scale, and semantics. It is 
generally accepted that there are three broad categories 
of  fusion, i.e.: feature-level fusion, in which raw data 

features are fused prior to processing, decision-level 
fusion, in which the results of  separable models are 
produced individually and then combined, and hybrid 
fusion, in which both are combined. The feature-level 
fusion is a detailed, but expensive computationally, 
algorithm and the decision-level fusion is scale able 
and may lose detail. Compromise between accuracy 
and effectiveness is provided by hybrid models, and 
it is feasible to have adaptive models fit in large-scale 
enterprise settings.
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A schematic of  three data streams, system logs, behavioural 
data, and physical security, coming together into a central 
fusion engine. The fusion engine is linked to a predictive 
analytics model, which will provide the risk score of  
insider threat probability. The figure displays the input 
heterogeneity coming together to form a single model.)

Literature-Related Issues
The issue of  managing large volumes of  multimodal 
data in real time is one of  the general themes that 
were identified in the existing literature. On their own, 
log records are capable of  generating terabytes of  
information in a single day and behavioral monitoring 
can be the analysis of  keystroke, email, or workflow 
measurements. Physical access data by itself  is also an 
additional source of  complexity when there are video 
analytics. The second concern which has remained is that 
of  predictive model interpretability; black-box models 
are correct but may not be transparent and this brings 

about the issue of  accountability and fairness. Moreover, 
the problems of  breach of  privacy, over-surveillance, and 
potential misuse of  predictive insight are some of  the 
ethical concerns that are center stage in both academic 
and practical publications.

Synthesis of  Reviewed Studies
The literature review emphasizes the fact that reactive 
security systems are also becoming focused more on 
more predictive and multimodal models. The first ones 
were skewed to one type of  data, system logs, and hence 
linked to large false-positive results. The more recent 
techniques bring together the behavioral and physical 
elements to improve predictive success. A lot of  the 
research is however experimental with minimal application 
of  scale in actual organizational context. The necessity 
to apply methodological structures that cover scalability, 
transparency, and ethical safeguards, and to take advantage 
of  the predictive capability of  multimodal data are obvious.

Figure 1: Multimodal Data Fusion Framework Conceptual Diagram

Table 2: The development of  Insider Threat Detection Approaches
Creation of  Approach Dominant Data Source Attributes Limitations
FirstGeneration System logs Rule-based anomaly detection 

rule-based alerts are highly false 
positive and context-independent.

Second Generation Behavioural data Targets human behavioural 
patterns

Risk of  bias is not 
technically valid.

Third Generation Physical security Presence and access control 
verification is not digital evidence.
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This development shows the tendency to whole-person 
approaches and multimodal predictive analytics is the 
most holistic strategy that is being developed at present.

MATERIALS AND METHODS
Research Orientation
Predictive analytics used to detect insider threats is a 
methodological basis that lies in the combination of  
multimodal data that consists of  technical, behavioral, and 
physical aspects of  insider behaviors. Conceptual research 
orientation is used in this study to attempt to synthesized 
existing theoretical models with practical implementation 
in machine learning and data fusion. The methodology 
is not limited to one methodological paradigm, as 
it incorporates the perspectives of  computational, 
behavioral, and organizational in the creation of  an 
analytical framework. The goal is to develop a model that 
can capture the cross-domain correlations and, at the 
same time, be flexible to the dynamic environment of  
insider behaviors.

Data Acquisition and Pre-Processing
The first stage of  the framework is the acquisition of  the 
different datasets. The application servers, network devices 
and operating systems are the systems that give system 
logs, which contain the logs of  the access histories, the 
records of  the logins and the records of  file transactions. 
The behavioral data are collected using monitoring tools 
that include the use of  the communication systems, 
workflow metrics, and anomalies in normal activities by 
the users. Physical security data can be obtained using 
access control systems, badge scans and, in ethically 
permissible cases, CCTV-based analytics. 
The raw data that is obtained via such sources require 
much pre-processing before it is cleaned up to eliminate 
duplication, inconsistency and normalize attributes. Pre-
processing includes data cleaning to remove corrupted 
data records, data is cleaned to normalize forms, as well 
as feature engineering to derive relevant variables. The 
average time it takes to log in, the frequency with which 
there are accesses during the working hours, and the 

Fourth Generation 
(Emerging)

Multimodal integration Unified predictive models across 
domains

Advanced fusion and 
computation is required.

Figure 2: Multimodal analytics Data Pre-processing workflow

physical location cross-validation with system activity are 
some of  the engineered features.
The Figure 2 illustrates three of  the data sources, system 
logs, behavioural metrics, and physical access, into a 
pre-processing layer. This layer comprises cleaning, 
transformation, and feature engineering. The outputs are 
summarized into one data set, in the form of  a structured 
input to the predictive model.

Data Fusion Strategy
The hybrid fusion strategy that integrates feature and 
decision level strategies assists in the integration of  
the multimodal data. On the feature level, feature level 
fusion takes raw features of  any form and integrates 
them into the same feature space, making more machine 
learning algorithms able to identify latent cross-modal 
relationships. However, in decision-level fusion, the 
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independent predictors are directly applied to each 
stream of  data and result amalgamated using weighted 
ensemble methods. The combination of  those two makes 
the framework mitigate the weaknesses of  those two 
approaches and maximized scalability and interpretability.

Machine Learning Algorithms
A stack of  machine learning models is used to construct 
the predictor model. The last level approximates 

time-dependence by random forests, support vector 
machines, and recurrent neural networks. The base 
layer results are also fed to a meta-learner that is 
typically a gradient boosting model which integrates the 
predictions into one risk score. This layered structure 
will ensure accuracy and resilience, as now the ensemble 
will be capable of  covering a wide variety of  different 
types of  anomalies but will not overfit the data to one 
particular modality.

Table 3: Machine Learning Techniques for Insider Threat Prediction
Algorithm Strengths Limitations
Random Forests Handles heterogeneous data, interpretable Struggles with temporal dependencies
Support Vector Machines Effective in high-dimensional spaces Sensitive to parameter tuning
Recurrent Neural Networks Captures sequential and temporal patterns Computationally intensive
Gradient Boosting Strong performance in ensemble 

frameworks
Risk of  overfitting if  poorly regularised

The ensemble model builds on the merits of  each 
algorithm, so that the general predictive system is robust 
at varying conditions.

Risk Scoring and Classification
This predictive model can yield the output as a risk score 
with a probability of  each of  the monitored entities. 
This score lies in the low-lying, medium-level, and high-
risk category, which is defined by the organizational 
tolerance levels, as well as the risk management policies. 
Risky entities will cause escalation, and this may be 
more research, a temporary access block, or supervision. 
Such category system is also able to provide security 
personnel with more useful intelligence, rather than pure 
anomaly alerts, and enhances operational performance of  
predictive analytics.

Ethical and Privacy Considerations
The use of  predictive analytics in detecting insider 
threats also presents a number of  ethical and legal 
issues. Pre-processing has to be informed by hard rules 

of  data minimisation to shun unwarranted surveillance. 
Anonymisation or aggregation, where possible, of  
sensitive behavioural attributes should occur, e.g., 
communication patterns. Algorithmic decision-making 
should also be transparent to overcome the threat of  
discriminatory profiling. The use of  explainable artificial 
intelligence techniques will guarantee that the risk 
scores may be justified and audited, which will balance 
organizational security and individual rights.

Analytical Framework Overview
The resulting architecture has multimodal data acquisition, 
pre-processing, hybrid fusion, ensemble machine learning, 
and risk classification as a feedback loop. Outputs are 
not predetermined risk scores but are elements of  an 
adaptive system of  security where past event learnings are 
reevaluated into the system to improve the system model. 
With the help of  this cyclic mechanism, it is possible 
to make sure that the framework is adjusted to the new 
patterns of  insider activity and exhibits resistance to new 
forms of  threat.

Figure 3: Analytical Framework for Multimodal Predictive Insider Threat Detection
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A full system diagram illustrating the pipeline: data 
acquisition from three sources → pre-processing layer → 
hybrid data fusion → ensemble learning → risk scoring 
→ adaptive feedback loop. Arrows depict the continuous 
nature of  data flow and learning updates.

RESULTS AND DISCUSSION
Conceptual Outcomes of  Multimodal Integration
Human perception and learning have been discussed 
as multimodal and the brain has been found to have a 
multidimensional interrelatedness between sensory, motor, 
and cognitive abilities that help in developing concepts 
and ideas. Multimodal Integration. Multidimensionality 
of  human perception and learning is not a new concept 
and the interconnection between the brain sensory, 
motor, and cognitive processes is multidimensional, and 
leads to the development of  concepts and ideas. 
It is the integration of  the multimodal data which results to 
the creation of  a predictive model which can be perceived 
to have tremendous benefits over the simpler and one 
source approaches. Irrespective of  each other, system 
logs have been known to generate high rates of  anomaly 
without any context and therefore, generate operating 
inefficiency regarding false positives. Even though 
behavioral monitoring might prove helpful in diagnosing 
such abnormalities as developing new communication 
patterns or a significant decline in output, a non-technical 
deviation can be confused with suspicion without 
technical assistance. Speaking of  which, physical security 
data can confirm the presence of  individuals in particular 
zones, yet the purpose and the relationship to the digital 
activity cannot be understood. By incorporating these 
forms of  data categories, the predictive model eliminates 
this challenge of  interpretive ambiguity, since the results 
that the model yields are operationalized and accurate.

Effectiveness of  the Predictive Framework
The hybrid fusion and ensemble learning methodology 
that is conceptualized in the analytical model can 
generate objectively measurable predictive performance 
improvements. Such measures as accuracy, recall, 
and the overall ability to detect are high in the case of  
multimodal integration. What is particularly important 
is that the model should be as capable of  reducing false 
positives as possible since when organizations’ have too 
many unconfirmed anomalies, the likelihood of  alert 
fatigue rises. Comparatively, a scoring system of  risks 
that incorporates behavioral, technical, and physical 
discoveries creates fewer but more workable notifications, 
which improves the process of  choice-making among 
security professionals.

Resilience and Operational Benefits of  Organisations
The implementation of  predictive analytics on insider 
threat management is a contributor to organisational 
resilience. With early warning signs, institutions are able 
to act before the insider practices become harmful, like 
data breaches, stealing intellectual property, or sabotaging 

the vital infrastructures. In addition, continuity planning 
is supported by predictive frameworks, which enable 
organisations to model the possible threat situations and 
modify the controls to suit. This operational advantage 
has the added benefit of  resource optimisation, where 
the security teams are able to prioritize the investigations 
according to the high-risk categories, in contrast to casting 
the net far and wide into alerts that have not been verified. 
Such strategic alignment allows the better functioning of  
efficiency and allows the security functions to work more 
closely with the broader risk management structures.

Ethical and Governance Dimensions
Even though the technical advantages of  predictive 
analytics are not disputed, there are problematic ethical 
aspects in its application in organizations’. Multimodal 
monitoring is a process of  collecting and processing 
sensitive information, some of  which may contain the 
personal features that do not have any connection to 
malicious actions. In this connection, the discussion 
refers to the dual responsibility of  organizations’ in 
ensuring the security of  critical assets in addition to 
privacy and rights of  employees. Ethical governance 
structures, which guarantee the compliance with the laws 
of  data protection and development of  fair-use policies, 
should then be implemented with the usage of  predictive 
systems. Initiating the transparent communication on 
monitoring practices is needed to maintain the sense of  
trust, explainable artificial intelligence, and facilitate the 
sense of  non-invasive surveillance.

Interpretability and Practical Deployment Problems
Among the recurring themes of  findings of  any study 
of  predictive analytics, the conflict of  accuracy versus 
interpretability is among the most common ones. Modern 
models, in particular those founded on deep learning 
architecture often result in a high predictive score and 
are opaque in the process of  risk scores generation. An 
organization can find it hard to justify interventions or 
disciplinary actions taken based on predictive outputs 
with such an issue of  a black box. Practical deployment 
issues are also related to the computational scalability that 
multimodal systems must have the capacity to handle 
large data volumes in real time without compromising the 
performance of  the system. To address these concerns, 
the complexity of  the models needs to be considered 
against their readability and cloud-based solutions, and 
edge computing should be deployed to distribute the 
computing burden.

Wider Implications to Cybersecurity Practice
Its findings show that predictive analytics of  insider 
threat detection cannot be viewed as an easy technical 
upgrade but a change in the field of  cybersecurity. 
Organizations’ can re-align their deface position by 
making the retrospective method of  detecting less vital to 
more concern with the prepetition of  the threats which 
are in line with the current threats. This implication is 
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broader than that of  an individual enterprise to a critical 
national infrastructure where insider risks may affect 
the safety of  the general population and stability of  the 
economy. In the meantime, the predictive methodologies 
are supposed to be adaptable to emerging technologies, 
i.e. the incorporation of  biometric signals or federated 
learning models, which might make it less private and less 
predictive.

Results and Discussion Synthesis
The conceptual findings demonstrate that multimodal 
data combination and predictive analytics yield important 
improvements in the accuracy, operational viability and 
organisational sustainability in contrast to the traditional 
system of  insider threat detection. Nevertheless, 
scalability, interpretability, and ethical governance 
problems are also raised by the consequences. It has 
been established in the discussion that though predictive 
frameworks have a promise of  transformational effect, 
their successful implementation should be founded 
on deliberated governance constructs, sustained 
technological investment, and progressive process of  
development through adaptive feedback. The findings 
provide the foundation of  considering the limitations and 
the future paths that these findings can be developed to, 
so that predictive analytics can be an organisational and 
technological innovation. 

Limitations and Future Directions
Methodological Constraints
Despite the huge potential of  multimodal predictive 
analytics, there are still various methodological 
limitations. The quality and reliability of  the results is 
reliant on the availability of  full datasets that adequately 
model both normal and unknown behaviours. In practice, 
the number of  examples of  insider events is difficult 
to accumulate, as they are not numerous, and in many 
cases, they go unreported due to reputational or legal 
concerns. This scarcity leads to an unequal distribution 
of  classes in training data thereby undermining machine 
learning models. Moreover, cleaning, normalising, and 
feature engineering of  data requires a lot of  resources 
as pre-processing steps, and a single oversight of  the 
pre-processing steps is likely to become propagated into 
faulty risk forecasting.

Computational and Scalability Problems
The second weakness is that working with multimodal 
data on a large scale has computational demands. 
Organisations generate vast volumes of  log records, 
behavioral measures and physical access information 
on a daily basis. They may be intensive of  processing, 
sophisticated storage structures and exclusive algorithms 
to accomplish them in real time to handle the high-speed 
streams. Cloud infrastructures and distributed systems, 
although they may hold some potential solutions, also 
introduce other threats, including the dependency on 
the services of  the external provider and vulnerability to 

the attacks on the cloud. Scalability has equally been a 
thorn in the flesh as not every organisations particularly 
the small medium sized enterprises can have the technical 
and financial capacity to implement such intricate 
arrangements effectively.

Ethics and Privacy Issues
The adoption of  predictive analytics in the detection of  
insider threats is not decided in terms of  ethical dilemmas, 
either. Monitoring the user behaviour, communication 
style and physical activities can be considered intrusive 
and can harm the trust between the organisations and 
the employees. The perception of  constant monitoring 
may be a barrier to implementation, even where the 
employment contracts are implied consent. Moreover, 
predictive models would be prone to making biases 
particularly when training data show inequalities or 
miscategorisations that occurred in the past. These ethical 
limitations underscore the topicality of  open governance, 
algorithms that take into account the concept of  fairness 
and continuous audits to ensure that predictive models 
protect the organisational resources along with the rights 
of  the employees.

Interpretability and Accountability
One of  these weaknesses that is closely associated with 
the issue of  ethics is the problem of  interpretability of  the 
model. Complex algorithms especially those built using 
a deep learning architecture or an ensemble architecture 
can be a black box, the outputs of  which cannot be 
described by a layperson stakeholder. Where predictive 
systems come up with high-risk categorisations which 
have consequences (career/reputation), organisations 
must be able to justify it with justifications which are 
backed by apparent, auditable reasons. The absence of  
interpretability would undermine accountability, thereby 
increasing the possibility of  disputes and even legal issues. 
The future work must therefore aim at developing more 
explicable artificial intelligence models that may produce 
right predictability in addition to insight in their defence.

Future Research Trajectories
The studies should address such limitations in the future 
and enhance methodology, technical and ethical issues. 
Regarding the methodology, there is the need to formulate 
balanced datasets out of  synthesizing simulated cases of  
insider threats, thereby eliminating the constraint of  the 
real world cases. Technically speaking, a comparative 
research should be done on light machine learning 
models that are powerful and can be executed using small 
computing capabilities without the loss of  accuracy. The 
federated learning can also be used in such innovations 
to avoid centralisation of  sensitive information to train 
predictive models and improve privacy and scalability. 
Morally, it will be vital to introduce an aspect of  
fairness, accountability systems and human control over 
monitoring which will see predictive analytics improve 
security without compromising on trust.
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Strategic Implications
The future of  predictive analytics in insider threat 
detection would probably be more tightly linked to wider 
organisational strategies. Predictive systems will also start 
to be placed not only as technical solutions but also as 
part of  an integrated risk management infrastructure that 
will cut across cyber, physical, and human environments. 
Further development of  multimodal analytics and 
advancements in the interpretability and ethical protection 
will allow organisations to find a balance between security 
requirements and individual rights. Finally, whether this 
evolution is successful will be determined by the ability 
of  researchers, practitioners, policymakers, and ethicists 
to engage in long-term cooperation to guarantee that 
predictive frameworks will be technologically sound and 
socially acceptable.

CONCLUSION
In this paper, the concept of  predictive analytics to identify 
the presence of  insider threats by using multimodal data 
that incorporates system logs, behavioural patterns, as well 
as physical security indicators have been examined. It is 
concluded that the traditional approaches, which address 
the single sources of  information, are not sufficient 
to address the complexity and subtleties of  insider 
behaviours. Multimodal frameworks provide a more 
comprehensive, more precise and more useful method 
of  early warning signals detection when combined with 
advanced data fusion methods and machine learning 
approaches.
There is indicative evidence that predictive systems 
reduce false positives, enhance organisational resiliency, 
and are components of  proactive risk management. Still, 
some limitations remain, particularly in regards to the 
challenge of  computational scalability, predictive results 
interpretability, and data privacy and ethics. To eliminate 
these problems, there is need to continuously advance 
the methodology techniques, develop a demystified form 
of  artificial intelligence, and develop ethical systems 
of  governance that would balance the demands of  
organisations with the rights of  individuals. 
Lightweight predictive models, privacy-enhancing 
methods such as federated learning, and more extensive 
use of  predictive analytics of  strategic governance 
mechanisms is the direction to take in future research. 
Such guidelines will not only result in improvements of  
insider threat detection but will also make cybersecurity as 
a discipline focused on technical progress in an ethically 
responsible manner. Predictive analytics based on such 
principles in its turn is a very important line of  defence 
against a more complex threat landscape, in terms of  
protecting digital infrastructure and organisation trust.
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