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Abstract

The integration of Artificial Intelligence (Al) in healthcare systems has become imperative for enhancing the quality
and accessibility of health services globally. In the context of Nigerian universities, this paper explores the pressing
need for the adoption of Al technologies to bolster the provision of health services. Nigeria, with its large population
and healthcare challenges, faces significant gaps in healthcare delivery, including shortages of skilled healthcare
professionals and limited access to quality care, particularly in rural areas. Leveraging Al technologies presents a
promising avenue to address these challenges by augmenting healthcare delivery, optimizing resource allocation, and
improving patient outcomes. Drawing on insights from existing literature and case studies, this article presents a
roadmap for Nigerian universities to embrace Al technologies in healthcare delivery effectively. It emphasizes the
importance of interdisciplinary collaboration, stakeholder engagement, and capacity building to foster a conducive
environment for Al adoption. Additionally, it underscores the need for robust ethical guidelines and data privacy
protocols to ensure responsible and equitable Al deployment. Through strategic investments, policy reforms, and
educational initiatives, Nigerian universities can harness the power of Al to overcome existing healthcare challenges,
improve health outcomes, and contribute to the advancement of global health equity.
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Introduction

In recent years, the integration of Artificial Intelligence (Al) into various sectors has revolutionized processes and
systems, offering unprecedented opportunities for innovation and efficiency (Chiang, 2021; Flavian &Casald, 2021;
Karimian, Petelos& Evers, 2022). One area where Al holds immense promise is healthcare, where its potential to
enhance service provision, improve patient outcomes, and optimize resource allocation is increasingly recognized
worldwide. However, amid the global discourse on Al in healthcare, the context of Nigerian universities presents a
unique set of challenges and opportunities (Ali et al., 2023; American College Health Association, 2020; Bassuk &
Gerson, 2022). Nigeria, as Africa's most populous nation, grapples with significant healthcare challenges, including
inadequate infrastructure, limited access to quality care, and a shortage of skilled healthcare professionals, particularly
in rural areas. Within this sector, Nigerian universities play a pivotal role in training the next generation of healthcare
professionals and conducting research to address local health needs. Yet, the traditional healthcare delivery models in
these universities often struggle to meet the evolving demands of a growing population. The COVID-19 pandemic has
further underscored the urgency of transforming healthcare delivery models to be more resilient, adaptive, and
inclusive. As the pandemic exacerbated existing healthcare disparities and strained healthcare systems worldwide, it
also served as a catalyst for innovation, accelerating the adoption of digital health technologies, including Al, in
various contexts (Ebekozien et. al., 2022).

The pressing necessity for Nigerian universities to adopt Al technologies in the provision of health services is
underscored by harnessing the power of Al; universities can overcome longstanding barriers to healthcare access and
delivery, thereby improving the health outcomes of Nigeria's populace. However, the successful integration of Al into
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healthcare systems requires a detailed understanding of the local context, including infrastructure limitations,
regulatory frameworks, and socio-cultural factors. In this context, this article seeks to explore the potential of Al to
transform healthcare delivery within Nigerian universities. It will delve into the specific applications of Al in
healthcare, such as diagnosis, treatment planning, patient monitoring, and healthcare management, and examine how
these technologies can be tailored to address the unique challenges faced by Nigerian universities. Furthermore, it will
outline strategies for overcoming barriers to Al adoption, including interdisciplinary collaboration, stakeholder
engagement, and capacity building (Ikeuchi, 2021; Johnson et. al., 2021).

This introduction sets the stage for an in-depth exploration of the potential benefits, challenges, and pathways for the
adoption of Al in Nigerian university healthcare systems. By examining the current healthcare system, identifying key
gaps, and proposing strategic interventions, this study seeks to galvanize action towards a future where Al-driven
innovations transform healthcare delivery and contribute to the well-being of all Nigerians (Fanni et. al., 2023). It is
against this backdrop that this paper examines the adoption of artificial intelligence for effective provision of health
services as a necessity for Nigerian Universities.

Concept of Health Services

According to Jones (2023), health services refer to the organized delivery of medical care, preventive services, and
health-related interventions to individuals and communities. It encompasses a broad range of activities aimed at
promoting, maintaining, and restoring health, as well as preventing and managing diseases and injuries. It involves
primary healthcare which forms the foundation of health services and is often the first point of contact between
individuals and the healthcare system. It includes essential health services such as preventive care, health education,
routine screenings, vaccinations, and basic treatment for common illnesses and injuries. Primary care providers,
including general practitioners, family physicians, and community health workers, play a crucial role in delivering
these services and coordinating patient care. Johnson et al. (2021) opined that health services is the specialized medical
care, the provision of advanced diagnostic, therapeutic, and surgical services for specific health conditions or
specialized medical needs. This may include services provided by specialists such as cardiologists, oncologists,
neurologists, surgeons, and other healthcare professionals with expertise in particular medical fields. Specialized care
is often delivered in hospitals, clinics, or specialized treatment centres and may require referrals from primary care
providers. Health services involve preventive services aimed at reducing the risk of illness, injury, and premature
death by promoting healthy behaviours, early detection of diseases, and timely interventions. These services include
health screenings, immunizations, counseling on lifestyle modifications (e.g., diet, exercise, smoking cessation), and
public health initiatives targeting population-level health risks (e.g., vaccination campaigns, tobacco control programs,
health education campaigns).

Bassuk and Gerson, (2022) stressed that health services encompass the prevention, diagnosis, and treatment of mental
health disorders, substance abuse, and behavioural health conditions. This includes counselling, psychotherapy,
medication management, rehabilitation services, and support programs for individuals and families affected by mental
illness or addiction. Integrating mental health services into primary care settings and community-based programs is
crucial for addressing the holistic healthcare needs of individuals. It is designed to support individuals with chronic
illnesses, disabilities, or age-related conditions who require on-going assistance with activities of daily living. These
services may include nursing care, assisted living facilities, home health services, hospice care, and rehabilitation
programs aimed at restoring function and promoting independence for individuals recovering from injuries or
surgeries. Health promotion and disease prevention initiatives aim to improve population health outcomes by
addressing social determinants of health, promoting healthy behaviours, and reducing health disparities. These efforts
may involve community-based interventions, health education campaigns, and policy changes to create supportive
environments for health, and collaborations across sectors such as healthcare, education, housing, and transportation.
Various healthcare delivery models exist, including fee-for-service, capitation, accountable care organizations
(ACOs), patient-cantered medical homes (PCMHSs), and telemedicine platforms. These models influence how health
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services are organized, financed, and delivered, impacting factors such as accessibility, affordability, quality of care,
and patient satisfaction (Regier et al., 2022).

Marchildon et al. (2021) posited that university health services typically offer primary medical care, including
treatment for common illnesses, injuries, and preventive care such as vaccinations and screenings. This often includes
access to general practitioners, nurses, and specialists. Recognizing the importance of mental health, universities
increasingly provide counselling services, therapy sessions, and support groups to address issues such as stress,
anxiety, depression, and academic pressure. These services may be offered by licensed psychologists, counsellors, or
psychiatrists. Many universities offer health education programs and workshops to raise awareness about various
health topics, including nutrition, sexual health, substance abuse prevention, and stress management. These initiatives
aim to empower individuals to make informed decisions about their health and well-being. In addition to medical
treatment, universities often emphasize preventive health measures to promote overall wellness. This may include
initiatives such as smoking cessation programs, fitness classes, nutrition counselling, and access to recreational
facilities. Universities typically have protocols in place to respond to medical emergencies on campus, including first
aid services, ambulance access, and coordination with local healthcare providers and hospitals. Efforts are made to
ensure that health services are accessible to all members of the university community, including individuals with
disabilities, international students, and marginalized populations. This may involve providing translation services,
culturally sensitive care, and accommodations for diverse needs. Some universities integrate health and wellness
initiatives into academic programs, fostering interdisciplinary collaboration between health professionals, researchers,
and educators. This can lead to innovative approaches to promoting health and well-being within the university setting.

Importance of Health Services in University

According to American College Health Association, (2020), the following are the importance of health services in
University:

1.Physical and Mental Health Supports: University health services typically offer access to primary care physicians,
nurses, and other medical professionals who can diagnose and treat various physical health issues. This includes
common ailments like colds, flu, infections, injuries, and chronic conditions such as asthma or diabetes. Regular
check-ups and preventive care services are essential components of physical health support. These may include annual
physical examinations, vaccinations, screenings for conditions like high blood pressure or sexually transmitted
infections (STIs), and health education on topics like nutrition, exercise, and sexual health. For students with chronic
health conditions, university health services provide on-going management and support to help them maintain their
health and manage their conditions effectively while pursuing their academic goals. University counselling centres
often offer individual and group counselling sessions facilitated by licensed therapists or counsellors. These sessions
provide students with a safe and confidential space to discuss their concerns, explore their emotions, and learn coping
strategies to manage stress, anxiety, depression, relationship issues, and other mental health challenges. In situations
of acute mental health crises such as suicidal ideation or severe emotional distress, university health services provide
immediate crisis intervention services. Trained professionals are available to assess the situation, provide support, and
coordinate appropriate care, which may include referrals to emergency services or hospitalization if necessary. Some
university health services offer psychiatric evaluation and medication management for students with mental health
disorders that require pharmacological intervention, such as depression, bipolar disorder, or anxiety disorders. To
promote mental wellness and resilience, university health services often organize workshops, seminars, and awareness
campaigns on topics related to stress management, mindfulness, self-care, and building healthy relationships.

2. Preventive Care and Health education: University health services often provide vaccinations and immunizations
to protect students against infectious diseases such as influenza, meningitis, measles, mumps, rubella, and human
papillomavirus (HPV). These vaccinations help prevent outbreaks and safeguard the health of the campus community.
Health Screenings: Regular health screenings are conducted to detect and prevent common health conditions. These
screenings may include blood pressure checks, cholesterol tests, blood glucose screenings for diabetes, sexually
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transmitted infection (STI) screenings, and cancer screenings such as Pap smears or testicular exams.Health
Assessments: Health assessments help identify risk factors for chronic diseases and promote early intervention.
Students may undergo comprehensive health assessments that include measurements of height, weight, body mass
index (BMI), and other health indicators to assess their overall health status and identify areas for improvement.Health
Promotion Programs: University health services organize health promotion programs and campaigns to educate
students about the importance of healthy behaviours and lifestyles. These programs may focus on topics such as
nutrition, physical activity, sleep hygiene, stress management, substance abuse prevention, sexual health, and safe
driving practices.Wellness Initiatives: Wellness initiatives encourage students to adopt healthy habits and practices
that contribute to their overall well-being. These initiatives may include fitness challenges, smoking cessation
programs, mental health awareness events, and initiatives to promote diversity, equity, and inclusion in health
programming.

Workshops and Seminars: University health services offer workshops, seminars, and educational sessions on various
health-related topics to provide students with knowledge and skills to make healthy choices. These sessions may cover
nutrition, exercise, mental health, sexual health, contraception, stress management, time management, and conflict
resolution.Educational Resources: Health services often provide educational materials such as pamphlets, brochures,
posters, and online resources that offer information on health promotion, disease prevention, and self-care practices.
These resources may be available in multiple formats and languages to cater to the diverse needs of students.Peer
Education Programs: Peer education programs engage students in promoting health and wellness among their peers.
Trained peer educators organize events, facilitate discussions, and disseminate information on health topics relevant
to college students, leveraging their unique ability to connect with and influence their peers.Health Literacy Initiatives:
Health services play a crucial role in promoting health literacy by enhancing students’ understanding of health
information, terminology, and resources. By improving health literacy, students can better navigate the healthcare
system, communicate effectively with healthcare providers, and make informed decisions about their
health.Collaborative Partnerships: University health services collaborate with academic departments, student
organizations, community agencies, and healthcare providers to enhance health education efforts and expand the reach
of health promotion initiatives. These partnerships facilitate the exchange of resources, expertise, and best practices
to address the diverse health needs of students.

3. Promotion of Academic Success: By providing accessible medical care and preventive services, university health
services help students address physical health issues promptly, reducing the need for prolonged absences due to illness
or injury. Proper nutrition, regular exercise, adequate sleep, and stress management techniques promoted by health
services contribute to improved concentration, cognitive function, and energy levels, which are essential for academic
performance. For students with chronic health conditions, effective management and support from health services
enable them to maintain their health and manage their conditions effectively while minimizing disruptions to their
academic pursuits. Addressing Psychological Barriers to Learning: Mental health services offered by university health
centres help students cope with stress, anxiety, depression, and other mental health challenges that can impede
academic performance. Counselling and therapy sessions provide students with tools and strategies to manage their
emotions, improve resilience, and enhance their ability to focus and learn. Health services promote mental wellness
by raising awareness of stress management techniques, time management skills, and self-care practices. By addressing
the psychological aspects of academic pressure and burnout, they help students maintain a healthy balance between
their academic responsibilities and personal well-being. Sleep plays a crucial role in cognitive function, memory
consolidation, and academic performance. Health services offer resources and education on sleep hygiene practices to
help students improve their sleep quality, ensuring they are well-rested and mentally prepared for their academic
pursuits. Health services offer workshops, seminars, and educational materials on topics such as study skills, time
management, test-taking strategies, and academic stress management. By equipping students with academic support
resources, they enhance students' ability to excel in their coursework. Health services promote holistic development
by addressing the interconnectedness of physical, mental, and academic well-being. By fostering a culture of wellness
on campus, they create an environment where students can thrive academically while prioritizing their health and
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well-being. Health services collaborate with academic departments, faculty members, and student support services to
identify and address health-related barriers to academic success. By working together, they develop integrated
approaches to support student learning and achievement.

4. Creating a Supportive Campus Environment: Creating a supportive campus environment involves fostering a
sense of belonging, safety, and well-being among students, faculty, and staff. University health services play a crucial
role in contributing to such an environment through various initiatives and support mechanisms. University health
services ensure that all students, regardless of background, identity, or ability, have equal access to healthcare and
support services. This includes providing accommodations for students with disabilities and offering culturally
sensitive care that respects diverse perspectives and identities.Health services prioritize confidentiality and privacy to
create a safe space where students feel comfortable seeking help without fear of judgment or stigma. Confidentiality
policies and procedures are strictly adhered to, ensuring that students' personal information remains protected.
University health services collaborate with campus safety, emergency response teams, and local authorities to develop
and implement emergency preparedness plans. This includes protocols for responding to medical emergencies, natural
disasters, infectious disease outbreaks, and mental health crises.In times of crisis or emergencies, such as incidents of
sexual assault, suicide attempts, or campus-wide emergencies, health services provide immediate support, counselling,
and referrals to appropriate resources. Trained staff members are available to assist students in distress and coordinate
follow-up care as needed.Health services staff undergo training in cultural competency and diversity awareness to
better understand and address the unique health needs of diverse student populations. This includes providing care
that is sensitive to cultural, religious, linguistic, and gender-related considerations.Health services actively engage
with student organizations, cultural centres, and affinity groups to ensure that their programs and services are inclusive
and responsive to the needs of all students. Outreach efforts are tailored to reach underserved and marginalized
communities on campus.

Health services collaborate with other campus departments, student organizations, faculty members, and community
partners to promote health and wellness initiatives. By working together, they leverage resources, expertise, and
networks to create a more comprehensive and integrated approach to supporting student well-being.Health services
involve students in the planning, implementation, and evaluation of health promotion programs and initiatives.
Student-led initiatives, peer education programs, and student advisory committees empower students to take an active
role in shaping campus health policies and practices.Health services facilitate peer support programs and mentorship
opportunities that connect students with peers who share similar experiences or interests. These programs promote
social connections, provide emotional support, and foster a sense of community among students.Health services offer
support groups, workshops, and discussion forums on topics such as stress management, coping with adversity, and
building resilience. These platforms provide students with opportunities to share their experiences, learn from others,
and develop strategies for self-care and personal growth.

5. Crisis Intervention and Emergency Response: Crisis intervention involves providing immediate support and
assistance to individuals who are experiencing acute psychological distress, emotional turmoil, or a significant life
event that overwhelms their coping mechanisms. The primary goals of crisis intervention are to stabilize the individual,
ensure their safety, address immediate needs, and facilitate access to appropriate resources and follow-up care. Crisis
intervention requires a prompt and proactive response to assess the situation and provide support without delay. Crisis
responders listen attentively to the individual, validate their feelings, and express empathy to build rapport and trust.
Assessing the individual's level of risk and ensuring their immediate safety is a priority in crisis intervention. Crisis
responders remain calm, composed, and reassuring while providing support to help the individual feel safe and
supported. Crisis intervention involves exploring coping strategies and problem-solving techniques to help the
individual manage their emotions and navigate the crisis. After stabilizing the individual, crisis responders provide
referrals to appropriate resources such as counselling services, hotlines, or emergency medical care, and ensure follow-
up to monitor their well-being.
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Emergency response refers to the coordinated efforts and protocols implemented to address immediate threats to
safety, health, or security on campus. Emergencies may include natural disasters, accidents, medical emergencies,
fires, acts of violence, or other critical incidents. Emergency Preparedness Planning: University health services
collaborate with campus safety officials, emergency management teams, and local authorities to develop and
implement emergency preparedness plans. These plans outline procedures for responding to various types of
emergencies, identifying roles and responsibilities, and coordinating resources. In the event of an emergency, health
services are responsible for communicating vital information to students, faculty, and staff through emergency alerts,
notifications, and updates via multiple channels such as email, text messages, social media, and campus loudspeakers.
Health services play a central role in coordinating response efforts, mobilizing personnel and resources, and providing
support to individuals affected by the emergency. This may involve setting up emergency shelters, providing medical
triage and first aid, and liaising with external agencies for additional assistance. After the immediate threat has been
addressed, health services continue to provide support and assistance to individuals affected by the emergency,
including counselling, medical care, and referrals to community resources. They also collaborate with campus and
community partners to facilitate the recovery and rebuilding process.

Concept of Artificial Intelligence

According to Wan et al. (2021), artificial intelligence (Al) refers to the simulation of human intelligence processes by
machines, especially computer systems. These processes include learning (the acquisition of information and rules for
using it), reasoning (using rules to reach approximate or definite conclusions), and self-correction. Al can be
categorized into two types that is, narrow Al and general Al. Narrow Al is designed to perform a narrow task or a set
of narrow tasks. It is focused on performing specific tasks efficiently, such as speech recognition, image recognition,
or playing board games like chess or Go. Narrow Al systems excel within their specific domain but lack the ability to
generalize beyond it. General Al referred to as strong Al or artificial general intelligence (AGI), general Al would
have the ability to understand, learn, and apply its intelligence across a wide range of tasks, similar to humans. This
type of Al would be capable of reasoning, learning, planning, understanding natural language, and adapting to various
situations, potentially surpassing human intelligence in many aspects. Lanovaz et al. (2020) affirmed that artificial
intelligence (Al) empowers computer systems to automatically learn and improve from experience without being
explicitly programmed. It revolves around the development of algorithms and models that enable computers to identify
patterns within data and make decisions or predictions based on those patterns. At its core, it aims to enable computers
to learn from data so they can perform tasks more accurately or efficiently over time. Al is a machine learning typically
involves three main components: data, algorithms, and models. Data serves as the foundation, providing the
information from which the computer learns. Algorithms act as the mathematical instructions that guide the learning
process, allowing the computer to extract patterns and insights from the data. Models, which are representations of
these learned patterns, enable the computer to make predictions or decisions when presented with new, unseen data.
Through iterative refinement and exposure to more data, machine learning systems continuously enhance their
performance and adapt to changing environments, making them valuable tools across various industries, from
healthcare and finance to transportation and entertainment.

Fanni et al. (2023) opined that artificial intelligence (Al) focuses on enabling computers to understand, interpret, and
generate human language in a way that is both meaningful and contextually relevant. It bridges the gap between human
communication and computer understanding, allowing machines to process and analyse large amounts of natural
language data. It involves various tasks and techniques, including tokenization; breaking down text into smaller units,
such as words, phrases, or sentences. Part-of-Speech (POS) Tagging; assigning grammatical categories (such as noun,
verb, adjective) to words in a sentence. Named Entity Recognition (NER); identifying and categorizing named entities
(such as names of people, organizations, locations) in text. Parsing; analysing the grammatical structure of sentences
to understand relationships between words. Sentiment Analysis; determining the sentiment or emotion expressed in
text, whether it's positive, negative, or neutral. Language Modelling; predicting the probability of a sequence of words
occurring in a given context. Machine Translation; translating text from one language to another. Question Answering;
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generating answers to questions posed in natural language. Text Summarization; condensing large amounts of text
into shorter summaries while retaining key information. Al techniques often rely on machine learning algorithms,
such as deep learning, to analyse and process language data. These algorithms learn patterns and structures from large
datasets, enabling them to make predictions or perform tasks based on input text.

Ikeuchi (2021) emphasised that artificial intelligence (Al) that enables computers to interpret and understand visual
information from the real world. Its goal is to replicate the sophisticated abilities of human vision by teaching
computers to extract meaningful insights from digital images or videos. It algorithms are designed to analyse and
process visual data, identifying patterns, objects, and even actions within images or videos. Vrontis et al. (2022)
described artificial intelligence as a field of Robotics engineering and science that deals with the design, construction,
operation, and use of robots. Robots are programmable machines that can perform tasks autonomously or semi-
autonomously, often in place of humans. When we talk about robotics in relation to the concept of Al, it usually
involves the integration of artificial intelligence techniques into robotic systems to enhance their capabilities. Al
enables robots to make decisions and perform tasks without human intervention. By incorporating Al algorithms such
as machine learning and decision-making systems, robots can adapt to changing environments, learn from experience,
and improve their performance over time. Robotics often involves tasks that require sensing and understanding the
environment. Al techniques such as computer vision, sensor fusion, and natural language processing allow robots to
perceive and interpret sensory data from the environment, enabling them to navigate, interact with objects, and
communicate with humans more effectively.

Al enables robots to learn from data and experiences, similar to how humans learn. Machine learning algorithms can
be used to train robots to recognize patterns, make predictions, and optimize their behaviour based on feedback. This
allows robots to adapt to new situations, tasks, and environments, improving their flexibility and versatility. Al plays
a crucial role in enabling natural and intuitive interaction between humans and robots. Natural language processing
and dialogue systems allow robots to understand and respond to human commands and questions. Additionally, Al-
powered gesture recognition and emotion detection enable robots to interpret human gestures and emotions,
facilitating more seamless and effective collaboration between humans and robots. It algorithms can optimize robotic
processes and decision-making to improve efficiency and performance. For example, in manufacturing, Al-powered
robots can optimize production schedules, perform predictive maintenance, and adapt to changes in demand more
effectively than traditional, rule-based systems. Longo et al. (2020) affirmed that artificial intelligence is focuses on
enabling machines to learn from data without being explicitly programmed. It includes various technigues such as
supervised learning, unsupervised learning, and reinforcement learning. It is a subfield of machine learning inspired
by the structure and function of the human brain's neural networks. Its algorithms utilize artificial neural networks
with multiple layers to progressively extract higher-level features from raw input data. Al involves enabling computers
to understand, interpret, and generate human language in a way that is both meaningful and contextually relevant. Its
applications include language translation, sentiment analysis, and chatbots. Al enables machines to interpret and
understand visual information from the real world, such as images and videos. It involves tasks like object detection,
image classification, and image segmentation.

Sayed (2021) described Al as an expert system technology designed to replicate the decision-making abilities of a
human expert in a particular domain or field. It aims to solve complex problems by emulating the knowledge,
reasoning, and decision-making processes of a human expert. The core component of an expert system is its knowledge
base, which stores information about a specific domain. This information includes facts, rules, heuristics, and
procedures acquired from human experts or existing data sources. The knowledge base essentially represents the
expertise of human specialists in a particular field. The inference engine is the reasoning component of the expert
system. It uses the knowledge stored in the knowledge base to make decisions or solve problems. The inference engine
applies logical reasoning, pattern matching, and deduction to derive conclusions from the available information. It
follows the rules and procedures defined in the knowledge base to reach solutions or recommendations. Expert systems
typically include a user interface that allows users to interact with the system. Users can input queries, provide
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information, or request assistance in solving problems. The user interface may be text-based, graphical, or even voice-
activated, depending on the design of the system. Many expert systems include an explanation facility that provides
users with explanations of the system's reasoning process and the rationale behind its decisions. This transparency
helps users understand how the system arrived at a particular conclusion and builds trust in its recommendations.
Expert systems are used in various domains where specialized knowledge and decision-making skills are required.

Expert systems can assist healthcare professionals in diagnosing diseases based on symptoms, medical history, and
diagnostic tests. Expert systems can analyse financial data, market trends, and investment strategies to provide
recommendations for investment decisions. Expert systems can help technicians and engineers diagnose and fix
problems in complex systems, such as machinery or software. Expert systems can provide automated support and
guidance to customers by answering questions, troubleshooting issues, and offering product recommendations
(Khanzode et al. 2020; Riahi et al., 2021).

Infrastructural Facilities Needed for the Integration of Al in Health Services in Nigerian Universities

Integrating Al into health services in Nigerian universities requires robust infrastructure to support the development,
deployment, and maintenance of Al-driven systems (Ebekozien et al., 2022). The following are the essential facilities
needed for the integration of Al in health services in Nigerian Universities:

1. High-Performance Computing (HPC) Facilities: High-performance computing (HPC) facilities are specialized
computing environments designed to deliver significantly higher computational power and speed than traditional
computing systems. These facilities typically consist of clusters of interconnected computers, often equipped with
advanced processors such as GPUs (Graphics Processing Units) or TPUs (Tensor Processing Units), as well as high-
speed networking infrastructure. HPC facilities are used to tackle computationally intensive tasks such as scientific
simulations, data analysis, and Al model training, enabling researchers and practitioners to process vast amounts of
data and perform complex calculations in a fraction of the time it would take on conventional hardware. HPC plays a
crucial role in accelerating innovation across various fields, including healthcare, weather forecasting, materials
science, and more, by providing the computational resources necessary for tackling grand challenges and pushing the
boundaries of scientific knowledge (Lewandowski & Koller, 2023).

2. Data Storage and Management System: A data storage and management system refers to the infrastructure and
processes put in place to efficiently and securely store, organize, and manipulate data. In the context of integrating Al
into health services in Nigerian universities, such a system would encompass technologies and protocols for storing
diverse datasets including electronic health records (EHRS), medical imaging, genomic data, and other healthcare-
related information. This system ensures that data is readily accessible for analysis and modeling while adhering to
privacy and security regulations. It may involve cloud-based storage solutions, local data centers, or hybrid
architectures depending on the scale and sensitivity of the data. Effective data management involves tasks such as data
cleaning, normalization, and version control to maintain data integrity and quality, enabling researchers and
practitioners to derive meaningful insights and develop Al-driven solutions to improve healthcare outcomes (Zaabar
etal., 2021).

3. Health Informatics Expertise: It encompasses the interdisciplinary knowledge and skills needed to effectively
utilize information technology and data science in healthcare settings. It involves understanding the principles of
healthcare delivery, medical terminology, and clinical workflows, as well as proficiency in data management,
analytics, and software development. Health informatics experts play a vital role in designing, implementing, and
optimizing health information systems, such as electronic health records (EHRS), clinical decision support systems,
and telemedicine platforms. They collaborate with healthcare professionals, technology specialists, and policymakers
to address complex challenges related to data interoperability, patient privacy, and regulatory compliance. Moreover,
they leverage advanced analytical techniques, including machine learning and natural language processing, to extract
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actionable insights from healthcare data, ultimately improving patient outcomes, operational efficiency, and
population health management (Chiang, 2021).

4. Clinical Validation and Testing Facilities: Theseare essential infrastructural components for integrating Al into
health services in Nigerian universities. These facilities serve as dedicated spaces where Al algorithms and systems
can undergo rigorous testing and validation in real-world clinical settings, ensuring their effectiveness, safety, and
compliance with regulatory standards. Collaborating with healthcare providers, universities can establish these
facilities equipped with clinical-grade equipment, simulated patient environments, and access to diverse patient
populations. By conducting systematic evaluations and trials, researchers and clinicians can assess the performance
of Al-driven solutions, identify potential biases or errors, and refine algorithms to improve their reliability and
accuracy. Additionally, these facilities facilitate interdisciplinary collaboration between researchers, clinicians, and
technologists, fostering innovation and accelerating the translation of Al research into clinical practice (Klein et al.,
2021).

5. Regulatory Compliance and Ethical Guidelines: Regulatory compliance and ethical guidelines are paramount
when integrating Al into health services in Nigerian universities. Adhering to regulations such as HIPAA and GDPR
ensures the protection of patient data and privacy, fostering trust between healthcare providers and Al systems.
Moreover, ethical frameworks must be established to address concerns related to bias, fairness, transparency, and
accountability in Al algorithms and decision-making processes. Universities should develop comprehensive policies
and procedures for obtaining informed consent, handling sensitive information, and mitigating risks associated with
Al deployment in healthcare settings. By prioritizing regulatory compliance and ethical considerations, Nigerian
universities can promote responsible and sustainable integration of Al technologies while safeguarding the well-being
of patients and upholding ethical standards in research and practice (Hall et al., 2024).

Ethical Consideration of Al in Health Services

The ethical considerations surrounding the use of Al in health services are profound and multifaceted (Murphy, et al.
2021; Karimian et al 2022; Naik et al., 2022)

1. Privacy and Security: Al systems often require access to vast amounts of sensitive patient data to function
effectively. Ensuring the privacy and security of this data is paramount to maintain patient trust and comply with
regulations like HIPAA (in the United States) or GDPR (in Europe).

2. Transparency and Explainability: Al algorithms can be highly complex, making it difficult for clinicians and
patients to understand how decisions are made. Ensuring transparency and explainability in Al systems is crucial for
building trust and accountability.

3. Bias and Fairness: Al algorithms can perpetuate or even exacerbate biases present in the data used to train them.
This can lead to unfair treatment of certain patient groups. It's essential to actively mitigate bias in Al systems to
ensure equitable healthcare delivery.

4. Accountability and Liability: Determining who is responsible when an Al system makes a mistake or causes harm
can be challenging. Establishing clear lines of accountability and liability is necessary to ensure that patients receive
fair compensation for any harm caused by Al systems.

5. Informed Consent: Patients should be adequately informed about the use of Al in their care and have the

opportunity to consent or opt out if they have concerns. Respecting patient autonomy is essential in the ethical
deployment of Al in healthcare.
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6. Equitable Access: The use of Al in healthcare should not exacerbate existing disparities in access to care. Efforts
should be made to ensure that all patients, regardless of socioeconomic status or geographic location, can benefit from
advances in Al technology.

7. Professional Integrity: Al should complement, rather than replace, the expertise of healthcare professionals. It's
essential to maintain the integrity of the patient-provider relationship and ensure that Al is used to support clinical
decision-making rather than override it.

8. Continual Evaluation and Improvement: Al systems should be continuously evaluated for performance, safety,
and efficacy. Regular auditing and monitoring are necessary to identify and address any issues that arise over time.

Potential Benefits of Al for Health Services

According to Flavian and Casal6 (2021) and Ali et al. (2023) Al offers numerous potential benefits for health services,
these include:

1. Improved Diagnostics: Al-powered systems can analyse medical images, such as X-rays, MRIs, and CT scans,
with high accuracy, aiding in the early detection and diagnosis of diseases like cancer, tuberculosis, and more.

2. Personalized Treatment: By analysing vast amounts of patient data, Al can assist in tailoring treatment plans to
individual patients, taking into account their genetic makeup, medical history, lifestyle, and other factors.

3. Enhanced Drug Discovery: Al algorithms can expedite the drug discovery process by predicting how molecules
will interact with biological targets, thus helping researchers identify potential drug candidates more efficiently.

4. Predictive Analytics: Al can analyse patient data to predict the likelihood of developing certain conditions or
experiencing specific health events, enabling proactive interventions to prevent or mitigate these risks.

5. Remote Monitoring and Telemedicine: Al-powered devices and algorithms allow for remote monitoring of
patients' vital signs, symptoms, and overall health status, facilitating timely interventions and reducing the need for
in-person visits, particularly in rural or underserved areas.

6. Streamlined Administrative Tasks: Al can automate administrative tasks such as appointment scheduling,
medical transcription, and billing, freeing up healthcare professionals to focus more on patient care.

7. Clinical Decision Support: Al-based systems can provide real-time clinical decision support to healthcare
providers by synthesizing vast amounts of medical literature, patient data, and best practices to aid in diagnosis and
treatment decisions.

8. Efficient Resource Allocation: Al algorithms can optimize resource allocation within healthcare systems by
predicting patient flow, identifying bottlenecks, and optimizing staffing levels and equipment utilization.

9. Medical Research and Insights: Al can analyse large-scale medical datasets to uncover patterns, correlations, and
insights that may not be apparent to human researchers, accelerating medical research and driving innovation in
healthcare.

10. Patient Empowerment: Al-powered health apps and wearable devices empower patients to actively monitor their
health, track their progress, and make informed decisions about their lifestyle and treatment options.

Potential Challenges of Al in Health Services
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According to Lee and Yoon (2021), Al has immense potential to transform health services, but it also presents several
challenges that need to be addressed:

1. Data Privacy and Security: Al in health services relies heavily on sensitive patient data. Ensuring the privacy and
security of this data is paramount to maintain trust and compliance with regulations like HIPAA (Health Insurance
Portability and Accountability Act) in the United States and GDPR (General Data Protection Regulation) in the
European Union.

2. Bias and Fairness: Al algorithms can inadvertently perpetuate biases present in the data they are trained on, leading
to disparities in healthcare outcomes. Ensuring fairness and mitigating bias in Al models is crucial to prevent
discrimination against certain demographics or populations.

3. Interpretability and Transparency: Many Al algorithms operate as "black boxes," making it challenging to
understand how they arrive at their decisions. Lack of interpretability and transparency can hinder acceptance and
trust among healthcare professionals and patients.

4. Regulatory Hurdles: Health services are subject to strict regulations and compliance requirements. Integrating Al
technologies into healthcare systems requires navigating complex regulatory landscapes to ensure compliance with
standards such as FDA (Food and Drug Administration) approval for medical devices and therapies.

5. Clinical Validation and Evidence: Al-driven solutions need robust clinical validation to demonstrate their
efficacy, safety, and reliability before widespread adoption in healthcare settings. Generating sufficient evidence
through clinical trials and real-world studies is essential but can be time-consuming and resource-intensive.

6. Ethical Dilemmas: Al raises ethical concerns regarding issues like patient consent, accountability for errors, and
the appropriate use of Al in decision-making processes. Addressing these dilemmas requires careful consideration of
ethical principles and guidelines.

7. Workforce Impact and Training: The integration of Al may change the roles and responsibilities of healthcare
professionals, potentially displacing certain tasks while creating new opportunities. Ensuring that healthcare workers
are adequately trained to understand and collaborate effectively with Al systems is essential for successful
implementation.

8. Resource Allocation and Equity: Deploying Al in health services may exacerbate existing disparities in access to
care if not implemented equitably. Ensuring that Al benefits are distributed fairly and reach underserved populations
requires proactive efforts to address systemic barriers and biases.

9. Cost and Sustainability: While Al has the potential to improve efficiency and reduce costs in healthcare delivery,
initial implementation costs and ongoing maintenance expenses can be significant barriers to adoption. Ensuring the
long-term sustainability of Al solutions requires careful planning and investment.

Conclusion and Recommendations

In conclusion, the adoption of artificial intelligence (Al) holds immense promise for revolutionizing the provision of
health services in Nigerian universities. By leveraging Al technologies such as machine learning, data analytics, and
natural language processing, universities can enhance medical research, diagnosis, treatment, and patient care.
However, successful implementation requires concerted efforts from stakeholders to address challenges such as
infrastructure limitations, data privacy concerns, and the need for specialized training. Embracing Al in health services
not only improves the quality and efficiency of care but also positions Nigerian universities at the forefront of
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innovation in healthcare delivery, ultimately benefiting both students and the wider community. The following
recommendations were made:

1.

Nigerian universities should prioritize research initiatives aimed at understanding the potential applications
of Al in healthcare delivery within the local context. This research should encompass diverse disciplines,
including computer science, medicine, and public health, to foster interdisciplinary collaboration and
innovation.

Collaboration between Nigerian universities, healthcare institutions, government agencies, and private sector
stakeholders is crucial for fostering the adoption of Al in healthcare. Universities should actively seek
partnerships with industry leaders and technology firms to access resources, expertise, and funding for Al
projects.

Universities should integrate Al education and training programs into their curricula across relevant
disciplines, including medicine, nursing, pharmacy, and computer science. This will equip future healthcare
professionals with the necessary skills to leverage Al technologies effectively in their practice.

Adequate infrastructure, including high-performance computing facilities and data analytics platforms, is
essential for conducting Al research and development. Nigerian universities should allocate resources to
upgrade existing infrastructure and provide researchers with access to state-of-the-art tools and technologies.

As Al technologies become increasingly prevalent in healthcare, it is essential to uphold ethical standards to
ensure patient privacy, data security, and algorithmic transparency. Nigerian universities should prioritize
the inclusion of ethical considerations in Al research and promote responsible Al practices among students,
faculty, and healthcare professionals.

Universities can play a pivotal role in fostering entrepreneurship and innovation in the Al healthcare sector.
They should establish incubators, accelerators, and entrepreneurship programs to support students and faculty
interested in developing Al-driven solutions for healthcare challenges.

Nigerian universities should engage with policymakers and regulatory bodies to advocate for policies that
facilitate the responsible adoption and deployment of Al technologies in healthcare. This includes addressing
regulatory barriers, establishing data governance frameworks, and promoting standards for Al
implementation.

Educating the public about the potential benefits and risks of Al in healthcare is essential for fostering
acceptance and trust. Nigerian universities should engage in public awareness campaigns, workshops, and
community outreach programs to demystify Al technologies and promote informed decision-making.

References

Ali, O., Abdelbaki, W., Shrestha, A., Elbasi, E., Alryalat, M. A. A., & Dwivedi, Y. K. (2023). A systematic literature

review of artificial intelligence in the healthcare sector: Benefits, challenges, methodologies, and
functionalities. Journal of Innovation & Knowledge, 8(1), 100333.

American College Health Association. (2020). Healthy Campus 2020: Strategic Imperative Areas and Objectives.

Retrieved from
https://www.acha.org/documents/programs_services/healthy campus/HealthyCampusStrategiclmperatives

2020.pdf

(uArRvs) 12



https://www.acha.org/documents/programs_services/healthy_campus/HealthyCampusStrategicImperatives2020.pdf
https://www.acha.org/documents/programs_services/healthy_campus/HealthyCampusStrategicImperatives2020.pdf

INTERNATIONAL JOURNAL OF ADVANCED RESEARCH VOL. 4 (1), JUNE, 2024
IN MULTIDISCIPLINARY STUDIES (IJARMS) ISSN 2756-4444
E-ISSN 2756-4452

Bassuk, E. L., & Gerson, S. (2022). Deinstitutionalization and mental health services. In Mental health care and social
policy (pp. 127-144). Routledge.

Chiang, M. F. (2021). Biomedical informatics: computer applications in health care and biomedicine. Springer Nature.

Ebekozien, A., Dominic Duru, O. S., & Dako, O. E. (2022). Maintenance of public hospital buildings in Nigeria—an
assessment of current practices and policy options. Journal of Facilities Management, 20(1), 120-143.

Fanni, S. C., Febi, M., Aghakhanyan, G., & Neri, E. (2023). Natural language processing. In Introduction to Artificial
Intelligence (pp. 87-99). Cham: Springer International Publishing.

Flavian, C., &Casald, L. V. (2021). Artificial intelligence in services: current trends, benefits and challenges. The
Service Industries Journal, 41(13-14), 853-859.

Hall, M. A, Bobinski, M. A., Orentlicher, D., Cohen, I. G., Bagley, N., & Sawicki, N. N. (2024). Health care law and
ethics. Aspen Publishing.

Ikeuchi, K. (Ed.). (2021). Computer vision: A reference guide. Cham: Springer International Publishing.
Jones, K. (2023). A history of the mental health services. Taylor & Francis.

Johnson, S., Dalton-Locke, C., Vera San Juan, N., Foye, U., Oram, S., Papamichail, A., & Simpson, A. (2021). Impact
on mental health care and on mental health service users of the COVID-19 pandemic: a mixed methods
survey of UK mental health care staff. Social psychiatry and psychiatric epidemiology, 56, 25-37.

Karimian, G., Petelos, E., & Evers, S. M. (2022). The ethical issues of the application of artificial intelligence in
healthcare: a systematic scoping review. Al and Ethics, 2(4), 539-551.

Khanzode, K. C. A., & Sarode, R. D. (2020). Advantages and disadvantages of artificial intelligence and machine
learning: A literature review. International Journal of Library & Information Science (1JLIS), 9(1), 3.

Klein, E. A., Richards, D., Cohn, A., Tummala, M., Lapham, R., Cosgrove, D., ... & Liu, M. C. (2021). Clinical
validation of a targeted methylation-based multi-cancer early detection test using an independent validation
set. Annals of Oncology, 32(9), 1167-1177.

Lanovaz, M. J., Giannakakos, A. R., &Destras, O. (2020). Machine learning to analyze single-case data: A proof of
concept. Perspectives on Behavior Science, 43(1), 21-38.

Lee, D., & Yoon, S. N. (2021). Application of artificial intelligence-based technologies in the healthcare industry:
Opportunities and challenges. International journal of environmental research and public health, 18(1), 271.

Lewandowski, N., & Koller, B. (2023). Transforming medical sciences with high-performance computing, high-
performance data analytics and Al. Technology and Health Care, (Preprint), 1-3.

Longo, L., Goebel, R., Lecue, F., Kieseberg, P., & Holzinger, A. (2020, August). Explainable artificial intelligence:
Concepts, applications, research challenges and visions. In International cross-domain conference for
machine learning and knowledge extraction (pp. 1-16). Cham: Springer International Publishing.

Marchildon, G. P., Allin, S., &Merkur, S. (2021). Health Systems in Transition Third Edition. University of Toronto
Press.

(wArvs) 13




INTERNATIONAL JOURNAL OF ADVANCED RESEARCH VOL. 4 (1), JUNE, 2024
IN MULTIDISCIPLINARY STUDIES (IJARMS) ISSN 2756-4444
E-ISSN 2756-4452

Murphy, K., Di Ruggiero, E., Upshur, R., Willison, D. J., Malhotra, N., Cai, J. C., ... & Gibson, J. (2021). Artificial
intelligence for good health: a scoping review of the ethics literature. BMC medical ethics, 22, 1-17.

Naik, N., Hameed, B. M., Shetty, D. K., Swain, D., Shah, M., Paul, R., ... & Somani, B. K. (2022). Legal and ethical
consideration in artificial intelligence in healthcare: who takes responsibility?. Frontiers in surgery, 9, 266.

Regier, D. A., Goldberg, I. D., & Taube, C. A. (2022). The de facto US mental health services system: a public health
perspective. In Mental Health Care and Social Policy (pp. 105-126). Routledge.

Riahi, Y., Saikouk, T., Gunasekaran, A., &Badraoui, I. (2021). Artificial intelligence applications in supply chain: A
descriptive bibliometric analysis and future research directions. Expert Systems with Applications, 173,
114702.

Sayed, B. T. (2021). Application of expert systems or decision-making systems in the field of education. Information
technology in industry, 9(1), 1396-1405.

Vrontis, D., Christofi, M., Pereira, V., Tarba, S., Makrides, A., & Trichina, E. (2022). Artificial intelligence, robotics,
advanced technologies and human resource management: a systematic review. The international journal of
human resource management, 33(6), 1237-1266.

Wan, H., Liu, G., & Zhang, L. (2021, October). Research on the application of artificial intelligence in computer
network technology. In Proceedings of the 2021 5th International Conference on Electronic Information
Technology and Computer Engineering (pp. 704-707).

Zaabar, B., Cheikhrouhou, O., Jamil, F., Ammi, M., & Abid, M. (2021). HealthBlock: A secure blockchain-based
healthcare data management system. Computer Networks, 200, 108500.

warmvs) 14




