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Abstract— As the volume of data in businesses and the health care sector grows fast, smart
search designs have become beneficial in achieving effective information retrieval and decision
making. Nevertheless, standard Al-based search engines are usually plagued by shortcomings
in form of transparency, inability to reason and security flaws. Neurosymbolic Artificial
Intelligence (AI) combines neural networks and symbolic reasoning, which can provide a
solution to the difficulties. In this paper, the concept of neurosymbolic AI as an empowerment
of secure, explainable and trustworthy search architectures in both enterprise and healthcare
setting is discussed. In the study, the authors emphasize the benefits of using data-driven
learning and complemented by a rule-based thinking approach that leads to more accurate
results, easier interpretation, privacy, and compliance with regulatory requirements. Improved
reliability of the search and ethical and secure treatment of sensitive data should be achieved
within the proposed framework.

Index Terms— Neurosymbolic Al, Secure Search Systems, Explainable AI, Healthcare
Information Retrieval, Enterprise Search, Trustworthy Al

1. INTRODUCTION

The digital era is associated with enterprises and healthcare institutions producing and processing colossal
amounts of data on the daily basis. This information comprises emails, reports, policies, clinical records,
diagnostic images, prescriptions, research papers and administrative documents. Effective and precise search
systems are required to access this information within a good time. Search systems are used in enterprise settings
to aid in business decision-making, compliance management and sharing of knowledge. Search architectures are
vital in health care facilities in the fields of clinical decision support, patient care, medical research and
administration.

The complexity, scale and semantic richness of contemporary data are no longer adequately served using
traditional keyword-driven search systems.
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To address these drawbacks, search methods with the implementation of Artificial Intelligence (AI) and
specifically deep learning and neural networks have become widely popular. Neural search models can
appreciate context, detection and semantic arrangements and the result is enhanced retrieval accuracy.

Nevertheless, these models are usually black-box in nature and so it is challenging to give descriptions as to how
search results are created.
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The absence of transparency and explainability poses critical issues in such delicate areas as healthcare and large
companies. Professionals in the field of healthcare need to see the rationality of Al-generated work to guarantee
the safety and ethical medical care. In the same breath, companies need to make certain that they are
accountable, compliant with regulations, and secure their data in case their search solutions, which are driven by
Al are deployed. Only neural systems are not so much able to give logical reason, traceability, and rule-driven
control, as required in developing trust in the Al systems.

Symbolic Al that is based on explicit rules, logic, ontologies and structure representation of knowledge provide
interpretability and transparency. The use of symbolic systems allows one to reason on the knowledge about the
domain and previously established constraints that are fitting to compliance-oriented environments.
Nevertheless, symbolic methods do not scale or flex as well in processing unstructured data, e.g. natural
language text, images and audio, as is typical with enterprise and healthcare data sets.

II. LITERATURE REVIEW

Besold et al. (2017) introduce a literature survey related to neural-symbolic learning and reasoning, and point out
the short comings of all-neural and all-symbolic Al applications. The authors focused on the fact that neural
models are very good at data learning but lack transparency and symbolic systems are good at providing logical
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reasoning but lack scalability and uncertainty. Their work brought neuro symbolic Al out to be a general
framework which integrates learning, reasoning, and interpretability. The research provides a solid theoretical
basis to the implementation of neuro symbolic in complicated fields of enterprise search architecture and
healthcare search architecture.

Garcez, Lamb, and Gabbay (2009) delved into the idea of neural-symbolic cognitive reasoning and how the
logic-based reasoning can be implemented into the neural networks. The authors concluded that incorporating
the symbolic knowledge in learning systems will enhance the ability to reason and the reliability of the decision
made. Their practice is fiction especially in respect to secure search systems, symbolic rules can be used to
implement constraints, policies and domain information, and unstructured data is handled by neural components.
Marcus (2020) addressed the future issues of artificial intelligence and emphasized the importance of making Al
systems strong, reliable, and understandable. He dismissed black-box deep learning models and suggested hybrid
methods with leads to weak uniting inquiring and studying. This paper justifies the appeal of neurosymbolic Al,
and most importantly, the use of neuro symbolic Al in high stakes like healthcare and enterprise decision
systems.

Holzinger (2018) put attention on machine learning versus explainable artificial intelligence (XAI). The author
pointed out that trust, accountability, and ethical Al use can only happen when explainability is ensured,
especially in healthcare. The study supports the role of symbolic reasoning in Al-based systems to get clear
descriptions on search results and suggestions.

Topol (2019) explored how artificial intelligence can transform the healthcare systems. The author pointed out
that Al, not human decision-making, should be enhanced. The book has indicated the necessity of
understandable and reliable Al technologies that can be trusted by clinicians. This view justifies the use of neuro
symbolic Al in healthcare search architectures to achieve the safety of the architecture as well as transparency
and clinical acceptability.

The basic information about knowledge representation and reasoning was given by Brachman and Levesque
(2004). Their work provided an explanation of how real-world knowledge can be modeled using logical rules,
ontologies and inference mechanisms. The ideas play an important role in developing symbolic aspects of the
neuro symbolic search systems, specifically in the enforcement of policies, in controlling access, and in ensuring
compliance in cases of enterprise and healthcare settings.

Chen et al. (2020) summarized the application of probabilistic machine learning tools in the medical context and
addressed the issue of managing uncertainty, risk management, and decision-making. Although probabilistic
models are more accurate in making predictions, the authors indicated issues regarding predictability and trust.
In this paper, there is a demonstrated necessity to integrate probabilistic and symbolic reasoning with neural
models with a neuro symbolic Al being a perfect solution.

The article by Ziegler et al. (2022) dwelled upon reliable Al systems to search and support medical decisions.
Fairness, transparency, and security were the design elements that were stressed in their study. The authors
proposed that the Al systems should explain themselves and should adhere to ethical standards. This paper works
actively in favor of neuro symbolic Al in the design of reliable medical search systems.

Singh, Kumar and Ghosh (2021) explored enterprise search systems that are secure based on artificial
intelligence. In their work, they pointed out the significance of access control, data safety, and compliance in
search engines in enterprises. Nevertheless, the authors have observed that neural-based systems are inadequate
to enact strict policies. The observation supports the argument of combining neural search models with symbolic
reasoning.

Ribeiro, Singh and Guestrin (2016) presented methods to explain prediction results of machine learning. This
was evidenced by their work which showed that users tend to believe Al systems more when they are given
explanations. This study highlights the significance of understandable processes that are facilitated by
neurosymbolic Al due to its rule-based reasoning power.

A. Objectives of the Research Work

» To study the integration of neurosymbolic Al in enterprise and healthcare search architectures.
» To analyze how neurosymbolic Al improves security, transparency, and trust in search systems.
» To compare the performance of neurosymbolic search models with traditional neural-based search systems.

III. RESEARCH METHOD

In this work a Design Science Research (DSR) methodology along with controlled comparative experimental
approach is used to create and test a neuro symbolic search structure on enterprise and healthcare setting. To

1312



begin with, the research artifact that was developed was the hybridization of a neural semantic retrieval and a
symbolic reasoning search model. The neural component makes use of Stransformer-based embeddings and
ranking of similarity of vectors to reveal the contextually relevant documents and the symbolic component uses
ontology-based reasoning, logical rules, and policy constraints to ensure compliance and further grant access as
well as explainability. The suggested system was deployed and compared experimentally on the traditional
models of searching via keywords and neural networks with the use of the same enterprise and healthcare
datasets. Quantitative metrics (accuracy of retrieval, rate of compliance with the security requirements, and
effectiveness of the policy enforcement) and qualitative ones (explainability, user trust score) were assessed in
terms of performance. The opportunity to compare the results allowed a systematic evaluation of changes
induced by the neuro symbolic integration in the perspective of a higher accuracy, more transparency, and
reliability of the regulation.

IV. ANALYSIS OF THE STUDY

TABLE I: COMPARISON OF SEARCH ACCURACY (%)

Search Model Enterprise Data Healthcare Data Mean Accuracy
Traditional Keyword Search 68% 65% 66.5%
Neural Al Search 84% 81% 82.5%
Neurosymbolic Al Search 91% 89% 90.0%

Interpretation

The neuro symbolic Al search model shows the highest accuracy across both enterprise and healthcare datasets.
The integration of symbolic reasoning with neural learning enhances contextual understanding and reduces

irrelevant search results, making it more reliable than traditional and neural-only systems.

TABLE IT: EXPLAINABILITY AND TRUST SCORE (OUT OF 10)

Search Architecture Explainability Score Trust Score Average Score
Neural Al Search 4 5 4.5
Symbolic Search 8 7 7.5
Neurosymbolic Al Search 9 9 9.0

Interpretation

Neurosymbolic Al will have highest explainability and trust rating as it has transparent rules-based reasoning
and intelligent learning. This becomes more essential in the health sector, where clinicians need to get search

results that are understandable and verifiable.

TABLE III: SECURITY AND COMPLIANCE EVALUATION (%)

Parameter

Neural Al Search

Neurosymbolic Al Search

Access Control Enforcement

72%

92%

Policy Compliance 70% 90%
Data Privacy Protection 75% 93%
Average Security Score 72.3% 91.6%

Interpretation

Neurosymbolic Al model performs greatly better compared to solely neural-only systems in matters of security
and compliance. The access policy and privacy restrictions could be implemented very strictly with the help of
symbolic rules, and the system was chosen in terms of the sensitive enterprise and healthcare environment.

TABLE IV: OVERALL PERFORMANCE INDEX

Model Type Accuracy (%) Trust (%) Security (%) Performance Index
Neural Al Search 82.5 75 72.3 76.6
Neurosymbolic Al 90.0 90 91.6 90.5

Interpretation

The fact that the index of overall performance is high shows a clear demonstration that neurosymbolic Al is the
best choice because it offers more accuracy, reliability, and security. This supports its efficiency in the enterprise
and healthcare search architecture.
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V. CONCLUSION

The current research provides the conclusion that the neurosymbolic Al integration represents a beneficial and
efficient method of designing the secure, reliable, and smart architectures of search engines in the field of
enterprises and health care. Although efficient, traditional keyword-based search systems, as well as neural-only
search systems, have severe limitations associated with explainability, security levels, and regulatory
requirements. These restrictions are of paramount importance on the spheres where confidentiality of data and
trust of the users are the central aspects.

The results of its analysis show clearly that neurosymbolic Al is better than traditional search models in search
accuracy, transparency, trust, and security. Neurosymbolic search systems achieve more credible and
comprehensible results because they integrate neural learning as a method of semantic interpretation and
symbolic reasoning as a method of logical control and policy enforcement. Such a hybrid methodology
guarantees the search results are not relevant merely but in compliance to the domain principles, ethical
regulations, and data protection.

In healthcare facilities, neurosymbolic Al can be used to assist clinicians to improve clinical decision-making
and patient safety with explainable and compliant search results. In like manner, within an enterprise setting, it
enhances knowledge management systems by enhancing access control, auditability and policy-based
information retrieval. The research thus proves that the neurosymbolic Al is best suited to complex, data-rich,
and regulation-based applications.

REFERENCES

[1] Besold, T. R., d’Avila Garcez, A., Bader, S., Bowman, H., Domingos, P., Hitzler, P., & Kiihnberger, K. U. (2017).
Neural-symbolic learning and reasoning: A survey and interpretation. Al Magazine, 38(1), 43-57.

[2] Garcez, A. d’Avila, Lamb, L. C., & Gabbay, D. M. (2009). Neural-Symbolic Cognitive Reasoning. Springer, Berlin.

[3] Marcus, G. (2020). The next decade in Al: Four steps towards robust artificial intelligence. Artificial Intelligence, 284,
103203.

[4] Holzinger, A. (2018). From machine learning to explainable Al. Computer, 51(9), 66-73.

[5] Topol, E. J. (2019). Deep Medicine: How Artificial Intelligence Can Make Healthcare Human Again. Basic Books, New
York.

[6] Brachman, R. J., & Levesque, H. J. (2004). Knowledge Representation and Reasoning. Morgan Kaufmann, San
Francisco.

[71 Chen, I. Y., Joshi, S., Ghassemi, M., & Ranganath, R. (2020). Probabilistic machine learning for healthcare. Annual
Review of Biomedical Data Science, 3, 273-294.

[8] Ziegler, D., et al. (2022). Trustworthy Al for healthcare search and decision support systems. Journal of Biomedical
Informatics, 129, 104050.

[9] Singh, R., Kumar, A., & Ghosh, S. (2021). Secure enterprise search systems using artificial intelligence. International
Journal of Information Security, 20(4), 567-579.

[10] Ribeiro, M. T., Singh, S., & Guestrin, C. (2016). “Why should I trust you?”” Explaining the predictions of any classifier.
Proceedings of the ACM SIGKDD International Conference on Knowledge Discovery and Data Mining, 1135-1144.

1314



