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Abstract: Background: Generative Artificial Intelligence (AI), particularly large language models like ChatGPT, has rapidly entered 

medical education. In pharmacology instruction within MBBS programs, these AI tools offer novel educational benefits – from on - 

demand tutoring to personalized learning – but also pose risks due to “hallucinations, ” i. e., AI - generated misinformation. Objective: 

This review explores how generative AI is being integrated into pharmacology education, the educational advantages it provides, the 

nature and causes of AI hallucinations, and the potential risks of relying on inaccurate AI - generated content in medical learning. 

Mitigation strategies, best practices, case examples, ethical considerations, and future directions are discussed to inform balanced and 

safe use. Methods: A literature review was conducted focusing on recent (2020–2025) peer - reviewed sources and authoritative reports 

on generative AI in medical and pharmacology education. Results: Generative AI can enhance pharmacology education through 

adaptive learning, rapid information access, and interactive simulations, which students have found useful for studying and clinical 

preparation. However, AI hallucinations – plausible - sounding yet incorrect answers – are common, with studies reporting a 

substantial fraction of AI - generated medical responses containing errors. These inaccuracies can mislead learners and threaten 

patient safety if not recognized. Strategies such as careful validation of AI - provided information, AI literacy training, and technical 

approaches (e. g. retrieval - augmented generation) are identified to mitigate risks. Conclusions: Generative AI holds significant 

promise in medical pharmacology education by augmenting learning and engagement. Yet, educators and students must remain vigilant 

about AI hallucinations. A balanced approach – leveraging AI’s benefits while implementing safeguards and ethical guidelines – is 

essential to ensure that AI becomes a reliable adjunct in pharmacology education rather than a source of misinformation. Ongoing 

research, policy development, and training are needed to fully realize generative AI’s potential in medical education while minimizing 

its risks.  
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1. Introduction 
 

The emergence of generative AI has begun to transform 

medical education, including the teaching of pharmacology 

to medical (MBBS) students. Tools like ChatGPT (a large 

language model released publicly in late 2022) gained over 

100 million users within months, illustrating the rapid 

adoption of AI - driven conversational agents in various 

fields. In medicine, these models have demonstrated 

impressive knowledge; for example, ChatGPT has achieved 

passing scores on the United States Medical Licensing 

Examination. Such capabilities suggest that generative AI 

could serve as a powerful educational aid for medical 

trainees. Indeed, surveys indicate that a majority of medical 

students are already experimenting with ChatGPT for 

learning purposes. One U. S. study found 96% of medical 

students were aware of ChatGPT and 52% had used it for 

coursework by mid - 2023. Students reported using AI to 

explain complex medical concepts, assist in formulating 

diagnosis and treatment plans, and even proofread 

writing. Early impressions from learners are that ChatGPT 

can save time and enhance productivity in studying and 

clinical preparation.  

 

Such enthusiastic uptake comes with a need for caution. 

Medical educators have voiced concerns about the accuracy 

and reliability of AI - generated content. Notably, large 

language models are prone to hallucinations – producing 

confident - sounding answers that may be factually incorrect 

or even fabricated. In a domain like pharmacology, where 

precise details about drug mechanisms, interactions, and 

dosing are critical, the propagation of incorrect information 

could undermine learning and ultimately patient care. This 

has raised alarm about overreliance on AI without proper 

verification. Balancing the educational benefits of 

generative AI with the risk of misinformation is therefore a 

pressing challenge for medical schools. This review 

addresses that balance by examining the current and 

potential roles of generative AI in pharmacology education, 

the nature of AI hallucinations and why they occur, the 

benefits and risks observed so far, and strategies to 

maximize educational value while mitigating harms. We 

also discuss ethical considerations (such as academic 

integrity and patient privacy) and future outlooks to provide 

a comprehensive understanding of how to responsibly 

integrate generative AI into medical pharmacology training.  
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Overview of Generative AI and Its Role in Education 

 

Generative AI refers to algorithms (often based on deep 

neural networks) that can produce human - like content – 

text, images, or even multimedia – in response to prompts. A 

prominent example is ChatGPT (Chat Generative Pre - 

trained Transformer), an AI chatbot that uses a large 

language model (LLM) to engage in dialogue. These models 

are built on transformer architectures trained on vast corpora 

of text, enabling them to predict and generate fluent 

responses by statistically modeling language patterns. In 

essence, an LLM like ChatGPT does not “know” facts in a 

traditional sense; rather, it constructs responses by selecting 

likely word sequences based on its training data. This 

approach allows the AI to produce remarkably coherent and 

contextually relevant answers on a wide range of topics.  

 

In general education, generative AI has quickly found 

diverse roles. By virtue of their ability to process queries and 

generate explanations, LLMs can function as on - demand 

tutors – answering students’ questions in real time, 

providing definitions or clarifications, and even offering 

translations or simplifications of complex material. 

Educators have explored using AI to generate practice 

questions and quizzes, to draft lesson plans or summaries, 

and to assist with grading and feedback on assignments. 

Early evidence suggests AI can facilitate adaptive learning 

by tailoring explanations to the user’s level and iteratively 

refining responses based on follow - up questions. For 

instance, if a student is confused about a pharmacokinetic 

concept, a tool like ChatGPT can attempt multiple ways of 

explaining (using analogies, examples, step - by - step 

reasoning) until the concept is clearer. This kind of 

individualized tutoring at scale was previously difficult to 

achieve in traditional classrooms.  

 

Medical education has embraced these possibilities, viewing 

AI as a potential “co - pilot” for both students and 

instructors. By integrating AI tools, medical schools aim to 

enhance learning efficiency and alleviate certain 

instructional burdens. Routine tasks such as generating 

revision materials or answering common factual queries can 

be offloaded to AI, freeing human educators to focus on 

higher - level mentorship. Some have even developed AI - 

driven systems that link clinical data to educational content 

– for example, delivering targeted pharmacology learning 

resources to students based on the patients they are seeing in 

hospital. This illustrates a growing trend of embedding 

generative AI into medical training workflows.  

 

Nonetheless, the role of AI in education remains 

augmentative. Experts emphasize that while generative AI 

can provide instant access to information and 

personalized learning experiences, it is not a substitute for 

human teacher guidance and expertise. The dual nature of 

generative AI – as a powerful educational tool on one hand 

and a source of potential error on the other – necessitates a 

closer look at how it specifically applies to pharmacology 

education in MBBS programs.  

 

 

 

Applications of Generative AI in Pharmacology 

Education (MBBS Programs)  

Pharmacology, a cornerstone of the medical curriculum, 

involves mastering a vast amount of information about drugs 

– their mechanisms, therapeutic uses, side effects, 

interactions, and contraindications. MBBS students often 

find this subject challenging due to the volume of content 

and the need to integrate pharmacology with physiology and 

pathology. Generative AI offers innovative applications 

that can support pharmacology learning in several ways:  

• Interactive Question - Answering and Explanation: 

Students can query AI chatbots to get explanations of 

drug mechanisms or clarifications on pharmacological 

concepts. For example, a student unsure about how beta - 

blockers affect the renin - angiotensin system could ask 

ChatGPT and receive a step - by - step explanation. 

According to a survey, seeking explanations of medical 

concepts is one of the most common uses of ChatGPT 

among pre - clinical medical students. This immediate 

responsiveness helps students resolve doubts outside of 

classroom hours and can reinforce understanding through 

conversational learning.  

• Personalized Tutoring and Study Guidance: 

Generative AI can act as a virtual tutor that adapts to a 

student’s needs. If a learner is weak in a particular area 

(say, antimicrobial pharmacology), they can engage the 

AI in a focused review, asking follow - up questions until 

they grasp the material. Such individualized assistance 

is highlighted as a key benefit of AI in education, with 

authors noting that LLMs can provide one - on - one 

tutoring and tailored feedback at scale. In pharmacology, 

this might include drilling important drug facts, 

mnemonics, or comparing drug classes. Notably, 

ChatGPT’s capability to adjust the complexity of its 

answers means it can simplify explanations for beginners 

or delve into advanced details for senior students.  

• Generation of Practice Questions and Cases: AI 

models are being used to generate practice multiple - 

choice questions (MCQs), flashcards, and even 

clinical case scenarios for pharmacology review. For 

instance, an instructor could prompt ChatGPT to create 

an exam - style question on the treatment of hypertension 

in a diabetic patient, and the AI can produce a question 

with plausible answer options. A recent study evaluated 

generative AI (ChatGPT - 4, Google’s Med - PaLM 

(Gemini), etc.) on cardiovascular pharmacology 

questions and found high accuracy rates on many 

questions, demonstrating that these models can handle 

pharmaco - therapeutic content ChatGPT - 4, in 

particular, answered pharmacy exam questions with 87–

100% accuracy at easy to intermediate difficulty, and 

remained reasonably accurate even on advanced 

questions. This suggests AI could be used to both 

generate and verify practice questions – ensuring that the 

answers it provides are correct (within known 

limitations). Additionally, AI can generate “flash 

explanations” – brief rationales for why an answer is 

correct or why other options are wrong, which is valuable 

in self - testing.  

• Virtual Patient Simulations: More advanced 

applications involve using generative AI to simulate 

patient interactions or clinical decision - making 

scenarios in pharmacology. For example, a student can 
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have a conversation with ChatGPT acting as a virtual 

patient or a clinical case, presenting symptoms and 

allowing the student to inquire and propose treatments. 

Eysenbach (2023) demonstrated this capability, where 

ChatGPT was prompted to generate a virtual patient case 

and quizzes for medical students. In pharmacology 

education, such simulations might involve managing a 

patient’s medications: the AI could portray a patient on 

multiple drugs and ask the student to identify potential 

drug - drug interactions or adjust dosages. This 

interactive case - based learning can enhance 

understanding of pharmacological principles in a 

practical context.  

• Assistance in Academic Tasks and Research: 

Generative AI can also help medical students in 

pharmacology - related assignments or research projects. 

For instance, it can assist in literature search and 

summarization (summarizing a set of articles on a 

drug), proofreading and editing pharmacology essays, 

and formatting references. In the aforementioned survey, 

students noted using AI for proofreading academic 

writing. Additionally, AI can support drug information 

retrieval – e. g., summarizing the latest guidelines on 

anticoagulant use – which can be especially useful for 

students during clinical rotations who need quick updates 

on drug management.  

 

Early experiences from educators and learners underscore 

these applications’ promise. A narrative review by Patel et 

al. (2023) observed that in medical education, ChatGPT has 

been effectively used for online tutoring, personalized 

assistance, generating quiz questions, and even grading 

support. In pharmacology and healthcare, the same review 

noted roles in drug discovery, treatment decision support, 

and pharmacovigilance, indicating generative AI’s 

relevance from classroom learning to broader research 

contexts. Furthermore, a scoping review of GenAI in 

pharmacy education reported that all published articles 

included in their analysis identified potential uses or benefits 

of AI in teaching pharmacy/pharmacology. This consensus 

highlights a positive outlook: generative AI is widely seen as 

a means to enhance engagement and interactivity in 

learning pharmacology, making the subject more accessible 

and less daunting through technology - enhanced methods.  

 

However, implementing these AI - driven applications 

comes with cautionary experiences. For example, while 

ChatGPT - 4 showed high accuracy in answering 

pharmacology questions, the same study found that another 

AI (Google’s Gemini) struggled with more complex 

questions (only 20% accuracy on advanced level). This 

variability reminds educators that not all AI are equal, and 

careful vetting of the tools is necessary before integration. 

Moreover, when AI is used to simulate scenarios or provide 

answers, there is always a need for human oversight to 

catch mistakes – a point we delve into when discussing 

hallucinations and risks.  

 

In summary, generative AI can significantly support 

pharmacology education by providing responsive, 

personalized, and resource - rich learning experiences. 

Students can utilize AI as a round - the - clock tutor and 

study aide, while faculty can leverage it to create engaging 

educational materials. These applications, if properly 

harnessed, can complement traditional teaching and help 

students master pharmacology more efficiently. The 

subsequent sections address the major caveat to these 

benefits: the phenomenon of AI hallucinations that can inject 

errors into the learning process.  

 

Understanding AI Hallucinations: Causes and 

Characteristics 

 

“AI hallucinations” refer to instances where generative AI 

outputs information that is false, fabricated, or not grounded 

in its training data, yet often presented in a fluent and 

convincing manner. In the context of large language models 

like ChatGPT, hallucinations typically manifest as 

confidently stated incorrect facts, nonexistent references, or 

irrelevant details. This occurs because of the fundamental 

way these models generate text. Rather than retrieving facts 

from a verified database, an LLM predicts the sequence of 

words that statistically looks most plausible given the 

prompt and its training on billions of sentences. If a prompt 

asks for information that the model’s training data did not 

adequately cover or requires synthesizing details it doesn’t 

actually “know, ” the model may improvise. The result is a 

hallucinated answer: text that reads confidently but may be 

partially or completely untrue.  

 

Several factors contribute to AI hallucinations:  

• Predictive Nature without Fact - Checking: LLMs do 

not have an internal source - of - truth or real - time fact - 

check mechanism. They produce the most probable 

answer construction, which can sometimes be plausible - 

sounding nonsense. As Janumpally et al. (2025) explain, 

these models “sometimes result in plausible sounding but 

factually incorrect outputs, a phenomenon called 

‘hallucination’”. For example, an AI asked about an 

unfamiliar drug might fabricate a mechanism of action 

that sounds legitimate pharmacologically but is entirely 

made - up because the model “guessed” based on similar 

drugs.  

• Knowledge Gaps and Complex Queries: If a question 

requires nuanced understanding or highly specialized 

knowledge, the AI is more likely to hallucinate. Medical 

and pharmacological topics often fit this description – 

they contain fine - grained details (e. g., enzyme names, 

exact statistics from trials) that the AI might not recall 

correctly. One researcher’s experience illustrated this: 

ChatGPT was asked about tick - borne diseases and it 

provided an incorrect explanation with a completely 

fake but realistic - looking citation. The model 

essentially invented a study reference to bolster its wrong 

answer, demonstrating how it can generate false sources 

to appear credible.  

• User Prompts and Format Demands: Hallucinations 

are especially common when users ask the AI to provide 

sources, references, or very specific data points. The 

model, aiming to satisfy the prompt, might fabricate 

references or details if it cannot recall actual ones. 

Alkaissi and McFarlane (2023) documented this 

behavior, showing that ChatGPT tended to produce fake 

journal citations during an experiment of drafting a case 

report. The AI would list studies or articles by plausible 

author names in credible - sounding journals, even 

Paper ID: SR25415140148 DOI: https://dx.doi.org/10.21275/SR25415140148 1160 

http://www.ijsr.net/


International Journal of Science and Research (IJSR) 
ISSN: 2319-7064 

Impact Factor 2024: 7.101 

Volume 14 Issue 4, April 2025 
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal 

www.ijsr.net 

though those references did not exist. This underscores a 

characteristic of hallucinations: they often carry the form 

of authenticity (e. g., a structured citation) without the 

substance of truth.  

• Lack of Contextual or Reality Checking: AI models 

lack an understanding of the real world or the ability to 

validate output against an external knowledge base 

(unless specifically augmented to do so). Thus, they may 

not recognize when an answer contradicts established 

medical knowledge or common sense. The AI doesn’t 

intend to lie; it simply does not know when it’s wrong. 

For instance, if asked a tricky pharmacology question 

that wasn’t explicitly in its training data, the model might 

produce a confident answer that a human expert would 

immediately flag as incorrect. The AI has no inherent 

mechanism to feel uncertainty the way a student might 

when unsure – it will often deliver an answer regardless.  

 

The characteristics of AI hallucinations in medical 

education contexts include:  

• High linguistic confidence: The text is usually 

grammatically correct, well - formulated, and can include 

technical terminology, which makes it hard for a 

layperson or novice student to discern the falsehood. The 

AI might phrase an answer like “Drug X is a potent 

inhibitor of enzyme Y, leading to increased levels of 

neurotransmitter Z, ” which appears authoritative even if 

completely wrong.  

• Mix of truth and falsehood: Hallucinated outputs often 

blend correct generic information with incorrect 

specifics. For example, an AI might correctly describe a 

drug’s class and some common side effects, but 

incorrectly state its mechanism or a contraindication. 

This mix can give a false sense of security to the reader – 

the presence of some correct facts can mask the 

erroneous parts.  

• Inconsistent reproducibility: If asked the same question 

again or in a slightly different way, the AI may give a 

different answer (possibly another hallucination or 

occasionally a correct response). This inconsistency is 

confusing for learners who might not realize the AI’s 

knowledge is not stable.  

 

AI developers and researchers are actively studying 

hallucinations. Surveys of natural language generation note 

that hallucination is a pervasive challenge, especially as 

models tackle open - ended tasks. In medicine, the stakes are 

higher: an hallucination could mean an incorrect drug dose 

or a nonexistent guideline, which, if believed, could be 

harmful. Studies have tried to quantify this problem. Gao et 

al. (2023) analyzed AI - generated scientific abstracts and 

found that humans could detect AI content about 68% of the 

time, suggesting that in ~32% cases, the AI - generated (and 

possibly hallucinated) text was convincing enough to pass as 

human - written. Another analysis of clinical narratives 

found hallucinations in ~40% of AI - generated discharge 

summaries, with over a third of those errors rated as highly 

clinically relevant (i. e., significant errors) . These 

findings highlight that hallucinations are not rare edge cases; 

they are a frequent occurrence and can carry substantial 

misinformation.  

 

In summary, AI hallucinations arise from the disconnect 

between language probability and factual accuracy. They 

are a known limitation of generative AI systems like 

ChatGPT. Recognizing this phenomenon is crucial for 

anyone using AI in education. For medical students, it 

means being aware that not everything the AI says can be 

taken at face value – no matter how eloquently it is stated. 

The next section will explore the flip side of the coin: 

despite these issues, what tangible educational benefits 

does generative AI offer in pharmacology, and why are so 

many students and educators excited about its use? 

 

Educational Benefits of Generative AI in Pharmacology 

Generative AI’s rapid adoption in medical education is 

largely driven by the significant educational advantages it 

can provide, especially in content - heavy subjects like 

pharmacology. When used appropriately, AI tools can 

enhance learning experiences and outcomes in the following 

ways:  

• Immediate Access to Information and Clarification: 

One of the most cited benefits is the ability to get instant 

answers and explanations on demand. Instead of 

flipping through textbooks or waiting to ask a professor, 

a student can query ChatGPT about a drug’s mechanism 

or a side effect and receive a quick explanation. This 

immediacy helps maintain learning momentum. 

According to Ganjavi et al. (2024), 60% of surveyed 

medical students affirmed that ChatGPT was useful in 

medical school, frequently using it for studying purposes. 

Pharmacology students often face time pressure to cover 

many drugs; having an AI assistant to summarize or 

clarify a concept in seconds can greatly improve study 

efficiency. It essentially places a 24/7 tutor at the 

student’s fingertips.  

• Adaptive and Personalized Learning: Generative AI 

can tailor its output to the learner’s needs. If a basic 

explanation is not understood, students can ask follow - 

up questions or request the AI to rephrase in simpler 

terms, provide examples, or even quiz them on the 

material. This interactivity leads to adaptive learning 

pathways. Several authors have noted that AI tutors can 

facilitate adaptive learning by adjusting to individual 

learners’ pace and level. For instance, a pharmacology 

student struggling with memorizing antibiotic spectra 

might ask the AI to create mnemonics or comparative 

tables, personalizing the study toolset. The AI can also 

fill knowledge gaps by generating explanations targeted 

to what the student specifically asks, unlike one - size - 

fits - all content.  

• Active Learning through Q&A and Simulation: Using 

AI encourages students to engage in active learning 

strategies. Instead of passively reading, students actively 

pose questions and critically evaluate the answers from 

the AI. This can stimulate curiosity and deeper inquiry 

(e. g., “Why would that drug cause this side effect?” 

leading to follow - up questions). Moreover, as described 

earlier, AI can simulate clinical scenarios allowing 

students to practice applying pharmacology knowledge. 

This kind of practice hones clinical reasoning in 

pharmacotherapy. Early classroom experiences suggest 

that integrating AI - driven Q&A sessions can make 

learning more interactive and engaging, keeping 

students involved in the material.  
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• Reinforcement and Feedback: Generative AI can 

provide immediate feedback on a student’s 

understanding. A student can test themselves by 

answering a question and then asking the AI to verify or 

explain the correct answer. If the student’s answer was 

incomplete or slightly off, the AI can point out the 

missing pieces. This feedback loop helps reinforce 

correct information and rectify misunderstandings on the 

spot. For example, a student might say, “I think Drug X 

works by mechanism Y, ” and ChatGPT can confirm or 

correct that statement with an explanation, serving as a 

check on the student’s knowledge. This ability to get 

rapid feedback was traditionally available only through 

teachers or peers; AI now augments that feedback 

availability.  

• Support for Different Learning Styles: Students learn 

in various ways – some prefer textual explanations, 

others benefit from analogies or diagrams. While current 

AI is primarily text - based, it can still cater to different 

preferences by adjusting its responses. A student can 

request the AI to provide a bulleted summary, a step - 

by - step reasoning, or even a creative analogy (“Explain 

how this drug works by comparing it to something 

familiar”). This flexibility means the material can be 

presented in multiple formats until the student finds one 

that clicks. Additionally, for visual learners, AI - 

generated content can be used as scripts to create 

diagrams or tables.  

• Efficiency in Studying and Reviewing: Many medical 

students use ChatGPT to save time in organizing and 

reviewing information. For instance, a student could ask, 

“Summarize the key differences between ACE inhibitors 

and beta blockers, ” and get a concise comparison. This 

can act as a quick review sheet. Some students also use 

AI to generate study aids like flashcards: they prompt 

the AI to list drugs and their key points, which they then 

turn into flashcards. The generative model can also help 

integrate knowledge – e. g., connecting pharmacology 

with pathology by explaining how a drug’s mechanism 

addresses a disease process, thereby reinforcing 

integrative understanding.  

• Enhanced Engagement and Motivation: The novelty 

and conversational nature of AI can make learning feel 

more like a guided discovery than a chore. Students often 

report a sense of companionship or support when 

studying with an AI tool, as it simulates having a tutor 

available. This can reduce the isolation or frustration that 

sometimes accompanies difficult study sessions. 

Knowing that “no question is too trivial” for the AI 

(since it won’t judge) might encourage students to clear 

up basic doubts they might shy away from asking in 

class, thus strengthening their fundamentals.  

 

These benefits are reflected in recent findings. In a cross - 

sectional study, 66.7% of students were familiar with 

ChatGPT and many were already using it informally as a 

“search engine” or helper for study purposes. Even though 

most had no formal training in using AI, their attitudes were 

positive, and they expressed interest in more formal 

integration of AI into their education. This indicates that 

students perceive value in AI tools for learning. 

Furthermore, multiple reviews have aggregated that AI can 

facilitate adaptive learning, provide individualized 

tutoring and feedback, reduce teachers’ administrative 

workload, and aid in brainstorming and research 

support. These advantages align well with the needs in 

pharmacology education – where adaptive learning and 

continuous feedback can significantly impact mastery of the 

subject.  

 

Importantly, many of these benefits do not replace human 

educators but rather amplify what a single professor or 

textbook could provide. For example, no single instructor 

can be available at all hours to answer questions, but an AI 

can; similarly, generating endless practice questions or 

personalized explanations for each student is impractical for 

faculty, but feasible with AI assistance. Thus, generative AI 

serves as a force multiplier in education. As one editorial 

put it, ChatGPT and similar models are “poised to be a game 

changer in medical education, aiding students and educators 

in innovative ways”.  

 

However, the realization of these educational benefits hinges 

on a critical assumption: that the information provided by 

the AI is accurate and reliable. If the content is wrong, these 

“benefits” could quickly turn into pitfalls. The next section 

examines the risks associated with AI hallucinations 

specifically in the context of medical learning, where 

mistakes carry heavier consequences.  

 

Risks of Hallucinated Content in Medical Learning 

While generative AI can be a valuable educational tool, its 

propensity to sometimes deliver incorrect or fabricated 

information (hallucinations) introduces serious risks, 

especially in medical fields like pharmacology. The 

primary concern is that students or trainees may absorb and 

trust these inaccuracies, which can then propagate into their 

clinical decision - making or academic performance. Key 

risks of hallucinated content in medical learning include:  

• Misinformation and Knowledge Gaps: The most direct 

risk is that a student learns incorrect information. If an AI 

confidently states a wrong fact – for instance, that a 

certain drug is safe in pregnancy when it is not – an 

unwary student might internalize this falsehood. Unlike 

in a classroom setting where a teacher can be challenged 

or cross - checked against textbooks, students using AI 

might not always verify every answer. This can lead to 

knowledge gaps or misconceptions that the student isn’t 

even aware of. In pharmacology, where details matter, a 

single piece of misinformation can undermine an entire 

concept (e. g., misunderstanding a drug’s mechanism can 

confuse how to use it clinically). Over time, these 

accumulated errors could surface as wrong answers on 

exams or, worse, mistakes in patient care.  

• Erosion of Critical Thinking: Overreliance on AI - 

provided answers could diminish students’ critical 

appraisal skills. If learners begin to treat AI responses as 

authoritative, they might become less inclined to double - 

check information or think through problems themselves. 

There is a cognitive bias known as automation bias, 

where individuals trust automated systems too readily. In 

a learning context, this means a student might accept an 

AI’s explanation without scrutinizing it or seeking 

corroboration. The habit of verifying facts (for example, 

cross - referencing an AI answer with a pharmacology 

reference book) might weaken, which is dangerous in 
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medicine. As Janumpally et al. (2025) warn, unchecked 

reliance on LLMs can contribute to incomplete 

understanding and loss of critical thinking skills, 

potentially leading to suboptimal learning outcomes and 

even patient harm.  

• False Confidence and Decision - Making Errors: If 

students practice clinical reasoning with AI and the AI 

occasionally provides incorrect guidance, students might 

develop false confidence in their clinical knowledge. 

Consider a scenario: a student uses an AI to help decide 

an appropriate medication for a patient case and the AI 

suggests the wrong drug (perhaps due to hallucinating or 

oversimplifying the case). If the student does not 

recognize the error, they might carry that suggestion into 

an exam or real - life scenario. A study found that LLMs 

have provided incorrect clinical recommendations when 

used in patient - care simulations. In the safety net of 

education, these errors can be caught, but if not, they risk 

ingraining faulty clinical decision pathways. Early 

exposure to incorrect info can “prime” students to make 

errors because initial learning often has a strong 

influence on memory and reasoning patterns.  

• Undermining of Assessment Integrity: Hallucinations 

can also interfere with how students are assessed and 

how they complete assignments. For instance, if a student 

uses AI to help with a pharmacology essay or homework 

and the AI inserts a subtle factual error, the student may 

submit that error, affecting their grades. In another vein, 

if a test allows open - resource use, a student might 

consult an AI and get a wrong answer that they otherwise 

might have deduced correctly on their own. In such 

cases, the AI has not only failed to help but has actively 

hurt the student’s performance. On the educators’ side, if 

faculty use generative AI to draft exam questions or 

teaching materials without thorough review, 

hallucinations could slip into official educational content, 

confusing all learners.  

• High - Stakes Implications: The ultimate concern is that 

misinformation learned via AI could eventually translate 

into clinical errors. Pharmacology knowledge directly 

impacts prescribing and medication management. If a 

future physician has an incorrect understanding of a drug 

because of a hallucinated AI lesson, they might make a 

prescribing error that harms a patient. For example, 

believing a hallucinated claim that “Drug A and Drug B 

have no interactions” could lead to co - prescribing them, 

when in reality they interact dangerously. While one 

hopes that formal training and clinical checks would 

catch such errors, the risk is non - zero, especially if AI 

use becomes embedded early and often. This is why 

many argue that any use of AI in medical training must 

be accompanied by rigorous verification – a point echoed 

in literature calling it “risky to rely on GenAI as a source 

of factual information in any important clinical or 

academic context”.  

• Frequency of AI Errors: It’s important to note that 

hallucinated or inaccurate outputs are not rare one - off 

events. The Keck School of Medicine survey found that 

75% of student users encountered vague or 

inaccurate responses from ChatGPT. This high 

incidence means nearly every student using AI will face 

misinformation at some point. If they are not prepared to 

identify and question it, they will inevitably absorb some 

of it. Additionally, even when AI responses are mostly 

correct, there can be minor inaccuracies or omissions 

that accumulate. One analysis comparing AI - generated 

vs human - written content found a higher prevalence of 

minor errors in the AI content (30% of AI summaries had 

minor errors vs 10% of human ones) . Minor errors in 

pharmacology (like a slightly wrong half - life of a drug, 

or a contraindication phrased unclearly) can still mislead 

or cause confusion.  

• Student Overconfidence or Misplaced Trust: If 

students are not educated about AI’s fallibility, they 

might overestimate its capabilities. The allure of a 

confident answer can be strong; a learner may think, 

“ChatGPT explained it so well, it must be correct.” This 

misplaced trust could be reinforced if assessments or 

educators do not immediately catch the errors. Over time, 

a student may preferentially trust AI output over more 

reliable sources, simply because the AI is more 

accessible or easier to understand. This dynamic can 

create tension in classrooms if, for example, a student 

challenges a professor with something “ChatGPT said,” 

which turns out to be wrong – potentially sowing 

confusion among peers as well.  

 

In light of these risks, educators and institutions have begun 

issuing caution. Many medical schools advise students not 

to use AI unsupervised for clinical decision guidance, and 

to always cross - check AI - derived information with 

authoritative references. Scholars have pointed out that 

automation bias must be countered by instilling a habit of 

verification and healthy skepticism toward AI outputs. Some 

even analogize using ChatGPT to having a very 

knowledgeable but sometimes unreliable study partner – 

useful, but not infallible.  

 

To illustrate the stakes: a published case highlighted how 

ChatGPT, when asked to summarize a research article, 

fabricated details that didn’t exist in the actual study. If a 

student had used that summary without reading the original 

paper, they would carry forward false “knowledge. ” 

Another example from Alkaissi et al. showed fabricated 

references in a seemingly scientific answer. If a learner 

trusted those references, they might waste time searching for 

them or, worse, cite them in their own work, leading to 

academic embarrassment or misinformation in the literature.  

 

In summary, the risks of hallucinated content in medical 

learning are serious: the spread of misinformation, loss of 

critical thinking, compromised exam or clinical 

performance, and potential harm to patients in the long run. 

The presence of these risks does not negate the utility of 

generative AI, but it demands strong mitigation strategies. 

The next section will delve into how educators and students 

can enjoy the benefits of AI while minimizing the dangers, 

through thoughtful practices and safeguards.  

 

Mitigation Strategies and Best Practices 

Given the dual nature of generative AI – powerful yet prone 

to error – a variety of mitigation strategies and best 

practices have been proposed to ensure its safe and effective 

use in medical education, particularly in high - stakes 

subjects like pharmacology. These strategies span technical 
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solutions, educational interventions, and policy - level 

guidelines:  

1) Emphasize Verification and Cross - Referencing: The 

foremost best practice is instilling the habit of verifying 

AI - provided information against trusted sources. 

Students should be encouraged (or required) to cross - 

check any critical pharmacological facts with textbooks, 

clinical guidelines, or primary literature. For instance, if 

ChatGPT gives a certain dosage or indication, the student 

should verify it in a drug reference or formulary. 

Janumpally et al. (2025) assert that assertions made by 

GenAI should be validated by the user to avoid 

misinformation. Educators can integrate this into 

assignments: if a student uses AI to gather information, 

they must also provide a reference from established 

literature to support each key point. This practice turns 

AI into a starting point rather than the final authority.  

2) AI Literacy and User Training: Developing AI 

literacy among medical students is crucial. Students 

should be taught how these models work (and their 

limitations) as part of the curriculum. This includes 

understanding what hallucinations are and why they 

happen, recognizing signals of a possible hallucination 

(e. g., an AI citation that can’t be found elsewhere), and 

strategies to prompt the AI in ways that minimize errors. 

The need for training is evidenced by studies where more 

than half of students felt not adequately prepared to 

effectively use AI and wanted formal education on it. 

Workshops or modules on “Effective and Ethical Use of 

AI in Medical Education” could cover how to fact - 

check AI outputs, how to use AI for brainstorming but 

not rely on it for final answers, and awareness of issues 

like bias. By improving user competence, we reduce 

misuse. In practice, some institutions have begun issuing 

guidelines or orientation sessions for incoming students 

on using tools like ChatGPT responsibly.  

3) Promote Critical Thinking and Skepticism: Educators 

should consistently remind and model that AI can be 

wrong. One approach is to use AI outputs as an exercise 

in critical appraisal. For example, an instructor might 

present an answer generated by ChatGPT in class 

(perhaps containing a known error) and ask students to 

identify if anything is wrong and how they would verify 

it. This kind of exercise keeps students’ skepticism sharp. 

By normalizing the idea that “AI might be incorrect, and 

it’s your job as a future physician to catch that, ” we can 

counteract automation bias. Some authors recommend 

explicitly teaching about automation bias and giving 

examples of AI mistakes to students so they learn not to 

take outputs at face value.  

4) Technical Mitigations – Better AI Design: On the 

development side, efforts are underway to reduce 

hallucinations. Techniques such as Retrieval - 

Augmented Generation (RAG) involve connecting the 

AI to a curated database of knowledge. Instead of solely 

relying on its training memory, the AI fetches relevant 

documents (like drug monographs or journal articles) and 

bases its answer on those sources, which can 

significantly improve factual accuracy. Another approach 

is fine - tuning models specifically on verified medical 

data and pharmacology curricula, so that their knowledge 

is more accurate and up - to - date in that domain. 

OpenAI and other providers are also working on system - 

level improvements to have the AI indicate uncertainty or 

refrain from guessing. While individual students or 

educators cannot implement these technical fixes, being 

aware of them is useful. In institutional settings, using AI 

platforms that incorporate these safeguards (for example, 

a university might license an AI service that has access to 

medical databases) can mitigate hallucination risk. Early 

research indicates that such measures can reduce 

instances of hallucination, though not eliminate them 

entirely.  

5) Structured Oversight in Educational Use: When 

integrating AI into formal teaching, educators should 

maintain human oversight. For instance, if AI is used to 

generate quiz questions or teaching materials, an 

instructor must review all content for accuracy before 

presenting it to students. Likewise, if students are 

allowed to use AI in assignments, instructors might 

require them to submit the AI conversation or content 

along with their work, so that instructors can see whether 

the student was misled by any AI responses and correct it 

in feedback. Some medical faculty have proposed 

guidelines such as: any use of AI in academic work 

should be disclosed, and ultimately humans (students or 

educators) remain accountable for the content produced. 

These principles can be applied by asking students to 

annotate which parts of an assignment were AI - assisted 

and confirming they have validated those parts. This 

transparency ensures errors can be caught and discussed.  

6) Redesigning Assessments: To address academic 

integrity and reduce inappropriate reliance on AI for 

cheating or easy answers, medical schools are rethinking 

assessment formats. If exams and assignments shift 

towards application of knowledge (e. g., clinical 

reasoning essays, oral exams, practical demonstrations) 

rather than pure recall or easily searchable facts, students 

are less able to use AI undetected, and more importantly, 

any misuse of AI would be evident in an inability to 

explain or apply concepts. Mortlock and Lucas (2024) 

found that many grey - literature guidelines suggest 

redesigning assessments that are “likely to be at risk for 

Gen - AI use, ” emphasizing tasks that require personal 

input or critical thinking that AI can’t easily replicate. 

For example, instead of asking “What are the side effects 

of Drug X?” (which AI can answer), an assessment might 

ask “Discuss how you would manage a patient on Drug 

X who develops side effect Y, ” requiring the student to 

integrate knowledge and reasoning (where an AI’s 

generic answer, if given, would be readily spotted by a 

grader as not personalized or sufficiently analytic).  

7) Use AI as a Tool, Not an Oracle: A mindset shift is 

recommended: use AI for augmentation rather than 

answers. Students should be guided to use AI for 

brainstorming, generating study materials, or explaining 

known content in new ways, rather than for obtaining 

final factual answers on new questions. For instance, a 

student could use ChatGPT to test their recall (“Quiz 

me on the mechanisms of these 5 drugs”) or to rephrase 

what they’ve already learned (“Explain back to me 

what I just read about this drug to see if it matches”). In 

these modes, the student already has some grounding in 

the material and is less likely to be misled. Encouraging 

this approach can help students leverage AI’s benefits 
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(practice and perspective) while relying on their own 

knowledge base as primary.  

8) Institutional Policies and Guidelines: Many institutions 

are now crafting policies around AI usage. These often 

include: guidelines on avoiding input of sensitive data (to 

protect patient privacy and academic integrity), 

provisions on plagiarism (using AI without attribution is 

often considered a form of plagiarism or misconduct), 

and disclaimers for AI - generated content. For example, 

a medical college might have a policy that “students may 

use AI language models for research and study purposes 

only if they double - check the information’s accuracy 

and cite all sources appropriately; AI should not be listed 

as an author on any submitted work, and its usage should 

be acknowledged. ” The PLOS Digital Health survey 

noted that students themselves called for clear rules and 

regulations to ensure proper use of this technology. By 

having official guidelines, the ambiguity is reduced and 

both faculty and students have a framework for 

acceptable use.  

9) Case Review and Debrief: When errors or 

hallucinations do slip through, treat them as learning 

opportunities. If it’s discovered that an assignment or a 

class discussion included an AI - induced error, 

instructors can openly discuss it: why it happened, how it 

was detected, and what the correct information is. This 

reinforces the vigilance culture. Similarly, sharing 

examples of AI failure in an informal setting (like a 

bulletin of “AI bloopers” relevant to coursework) could 

keep awareness high in a lighter way.  

 

Implementing these strategies can significantly mitigate the 

risks. For example, a combination of user training and 

assignment design was shown to maintain academic 

integrity even with AI availability. Some medical schools 

have already adopted policies where any use of AI in essays 

must be disclosed and the essay will be subject to extra 

scrutiny for factual accuracy. On the technical front, 

incorporating tools that highlight AI - generated text or 

check for consistency with known data can assist educators 

(there are emerging AI - detection algorithms and plagiarism 

checkers, though they are imperfect).  

 

It’s also worth noting that not all learning contexts carry 

equal risk. Using AI to memorize drug names (low risk if 

one is wrong, easy to catch by cross - checking) is different 

from using AI to decide a chemotherapy regimen (high risk, 

should never be done via AI alone). Hence, part of best 

practice is teaching students to know the limits of 

acceptable AI use. A rule of thumb might be: the more 

critical or specific the information (e. g., drug dosing in 

pediatrics), the more one should rely on validated sources 

and expert guidance rather than AI.  

 

By integrating these mitigation strategies, the goal is to 

create an environment where generative AI serves as a 

helpful adjunct to learning – providing convenience and 

personalization – without compromising the quality and 

safety of the education. When students are trained to be 

conscientious users, the rate of AI - related errors can be 

kept to a minimum. The next section will look at some 

illustrative examples and studies where these principles have 

been applied, and what can be learned from them.  

2. Case Examples or Studies 
 

As generative AI makes its way into the medical education 

arena, emerging case studies and research shed light on its 

real - world performance and the experiences of users. 

Below are a few illustrative examples and study findings 

relevant to pharmacology education:  

• Case Study 1: AI in Pharmacology Exam Preparation 

– Salman et al. (2025) Evaluation. In a controlled study, 

Salman and colleagues tested three AI tools (ChatGPT - 

4, GitHub Copilot, and Google’s Med - PaLM/Gemini) 

on a set of 75 pharmacology questions (45 multiple - 

choice and 30 short - answer) covering cardiovascular 

pharmacology. Pharmacology faculty rated the answers 

for accuracy and completeness. Results: ChatGPT - 4 

demonstrated the highest performance, correctly 

answering a vast majority of the multiple - choice 

questions and providing high - quality short answers with 

an average score of 4.7/5 in relevance and correctness. 

Copilot performed slightly less well but still high, while 

Gemini lagged significantly, especially on harder 

questions (only 20% accuracy on advanced MCQs) . 

Interpretation: This case indicates that the current top - 

tier LLM (GPT - 4) is capable of handling many 

pharmacological queries at an examination level, which 

means it can be a potent study aid. However, the drop in 

accuracy for more complex questions and the variance 

between models highlight that not all AI are equal. The 

authors concluded that ChatGPT - 4 could be a valuable 

tool for medical education but emphasized the need for 

ongoing refinement of these tools for specialized 

domains. This study serves as a proof - of - concept that 

AI can competently answer pharmacology questions, yet 

also a reminder that harder, more nuanced problems still 

challenge AI, underscoring the need for student vigilance 

on advanced topics where AI might falter.  

• Case Study 2: Medical Students’ Usage Patterns and 

Perceptions – Ganjavi et al. (2024) Survey. Researchers 

at USC conducted a cross - sectional survey of 415 U. S. 

medical students on their awareness and use of ChatGPT 

and other LLMs. Findings: By mid - 2023, a majority 

(52%) had already used ChatGPT for medical school - 

related tasks. Preclinical students mainly used it to get 

explanations for basic science concepts, including 

pharmacology, whereas clinical - phase students reported 

using it to assist with diagnostic reasoning and treatment 

planning in cases (likely as a learning exercise) . Many 

students also used it for writing assistance (proofreading, 

improving grammar in research papers). Students rated 

the tool as particularly helpful for studying and 

brainstorming. However, they also widely encountered 

drawbacks: three in four users saw inaccuracies or 

ambiguities in ChatGPT’s responses and noted concerns 

about bias. The survey also revealed that students are 

keenly aware of ethical issues – for example, they 

worried about whether inputting patient data into 

ChatGPT might breach confidentiality and whether using 

AI - generated text might constitute plagiarism. Notably, 

a strong majority of students called for official guidance 

and regulations on how to properly use AI in their 

education. Implication: This real - world snapshot shows 

that students find AI genuinely useful in learning 

pharmacology and other subjects (hence the high 
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adoption), but they are also experiencing first - hand the 

issues of hallucinations and ethical ambiguity. It 

reinforces the need for faculty to provide guidance, and 

for strategies like those discussed in the previous section 

to be implemented. It’s also a testament that AI, even in 

its current imperfect form, fills a niche for on - demand 

help that students are eager to utilize.  

• Case Study 3: AI - Generated Virtual Patient Exercise 

– JMIR Medical Education Editorial (2023). An 

innovative “conversation” between a medical educator 

and ChatGPT was published by Eysenbach (2023), in 

which ChatGPT was prompted to illustrate its potential in 

medical training. During this experiment, ChatGPT 

created a virtual patient scenario and quiz questions for 

a hypothetical case, demonstrating how an educator 

might use AI to generate educational content. For 

example, ChatGPT provided a case of a patient with a 

certain condition and asked the reader (student) questions 

about pharmacological management. This showed the 

AI’s creative utility in designing learning activities. 

However, in the same interview, ChatGPT was asked to 

summarize an article and ended up hallucinating a 

summary and references that were not accurate. 

Eysenbach highlighted that the model’s “disturbing 

tendency” to hallucinate became evident when it 

fabricated references. Lesson: This side - by - side 

example encapsulates the theme of this review – the AI 

was remarkably useful in one aspect (creating interactive 

learning content), yet problematic in another (introducing 

false information). It also shows the value of an expert 

supervising the AI: the educator in this case identified the 

fabricated summary and used it as a teachable moment. 

This “case” supports the approach of using AI to assist 

with generating learning materials (which an educator 

can then correct or refine) and being cautious when the 

AI is used in roles that require factual fidelity (like 

summarizing current research).  

• Case Study 4: Institutional Response – Policy at a 

Medical School. While not a formal study, it’s worth 

noting as a case example how some institutions are 

handling AI. For instance, a hypothetical example drawn 

from emerging patterns: MedUniversity X’s 

Pharmacology Department noticed students using 

ChatGPT for assignments, sometimes submitting answers 

with identical phrasing or errors traceable to AI. In 

response, the department issued a policy: students may 

use AI for preliminary research but must cite any AI 

assistance and are responsible for verifying content. They 

also adjusted exam formats to include more oral 

examinations where students have to verbally justify 

their answers, making it hard to rely on AI undetected. 

After these interventions, faculty observed fewer AI - 

related mistakes in submitted work and anecdotally, 

students began approaching faculty with questions like 

“ChatGPT said X about this drug; is that correct?” – 

indicating a positive shift towards verification. This 

example (based on trends reported in literature) 

illustrates a proactive approach to integrating AI 

responsibly: rather than banning it, the institution guided 

its use and tightened assessment security.  

• Case Study 5: Academic Integrity Challenge – Alkaissi 

& McFarlane (2023) Incident. Researchers Alkaissi and 

McFarlane tested ChatGPT’s ability to assist in writing a 

fictitious case report about rare diseases. They found that 

ChatGPT invented references to support claims in the 

text. If a student or even a researcher were unaware, they 

might include these references in a paper, essentially 

citing non - existent literature. In one instance, ChatGPT 

provided a reference for a drug trial that was completely 

fabricated. Outcome: The incident underlined how easily 

AI can generate academic - looking misinformation. 

Alkaissi et al. used this to argue for strict oversight and 

verification when AI is used in scientific writing. For 

medical students, it’s a cautionary tale: if one uses AI to 

gather references or evidence, each reference must be 

checked for authenticity. This case also prompted 

discussions in academic circles about how to handle AI 

in publishing – e. g., some journals now ask authors to 

disclose AI use in generating text or ideas, precisely to 

catch such issues.  

 

These cases and studies collectively demonstrate that 

generative AI is already making tangible inroads into 

medical education. They show positive outcomes (improved 

study efficiency, high performance of AI on certain tasks, 

creative new learning tools) as well as challenges 

(hallucinations, ethical dilemmas, policy needs). The 

experiences of students and educators in real settings 

confirm the theoretical benefits and risks discussed earlier in 

this paper.  

 

Crucially, these examples also indicate that with proper 

oversight and adaptation, the downsides can be managed. In 

the AI exam evaluation study, human experts reviewed AI 

answers – a model that could be used in education by having 

teachers vet AI - generated content. In the student survey, 

the call for guidelines was clear – and presumably now 

many schools are acting on it. The narrative from these cases 

is that generative AI is neither a magic solution nor an 

unacceptable threat; it is a tool that yields best results 

under informed human guidance.  

 

Ethical Considerations and Future Outlook 

The integration of generative AI into medical pharmacology 

education brings forth several ethical considerations that 

educators, students, and institutions must address, as well as 

a promising future outlook if these challenges are managed 

properly.  

 

3. Ethical Considerations 
 

• Academic Integrity and Plagiarism: Perhaps the most 

immediate ethical issue is the potential for academic 

dishonesty. Generative AI can produce essays, answers, 

or even entire assignments that a student might pass off 

as their own work. This raises questions about plagiarism 

and authenticity. Using AI to do one’s work without 

acknowledgment is generally considered unethical, akin 

to having someone else do the work. As such, 

transparency about AI use is important. Some journals 

and academic bodies have taken a stance that AI should 

not be listed as an author on scientific papers and any 

text generated by AI should be credited and verified by 

the human authors. Translating this to education: students 

should be honest about how they use AI and instructors 

should clarify what constitutes acceptable vs. 
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unacceptable use. For example, using AI to get ideas or 

improve grammar might be allowed, whereas using it to 

answer exam questions or complete an assignment 

without personal input is cheating. The academic 

community is grappling with setting these boundaries. 

One suggestion is to require students to submit a brief 

reflection on how they used AI for an assignment, 

ensuring they remain accountable for the content.  

• Privacy and Confidentiality: Medical education often 

involves discussion of patient cases and personal health 

information. If students input real patient data or case 

specifics into AI tools like ChatGPT, they could be 

inadvertently breaching patient confidentiality rules 

(such as HIPAA in the U. S.). AI platforms operated by 

companies may store or use the input data, which is 

problematic if that includes sensitive information. 

Therefore, students and educators must be trained never 

to input identifiable patient details into public AI tools. 

Some institutions might provide secure, in - house AI 

systems that ensure data privacy if they want to use AI 

for clinical education. The privacy issue also extends to 

the students themselves: interactions with AI could be 

monitored or logged by the service provider, raising 

concerns about data on students’ study habits or queries 

being used commercially. Ethically, informed consent 

and awareness about what happens to one’s data when 

using these tools are important.  

• Bias and Fairness: AI models can reflect biases present 

in their training data. In medicine, this could mean biased 

or less accurate information related to underrepresented 

groups (e. g., racial bias in disease context or skewed 

data about drug effects in certain populations). There is 

an ethical responsibility to be aware of these biases, 

because if students learn only from AI, they might not be 

exposed to diverse perspectives or might inadvertently 

learn biased information. Additionally, relying on AI for 

information might lead to homogenized thinking if 

everyone gets similar AI - generated answers. Educators 

should highlight that AI can have blind spots or biases, 

and encourage consulting multiple sources, including 

evidence - based guidelines that consider diverse patient 

populations. Another aspect of fairness is equal access: 

not all students may have equal access to AI tools (due to 

subscription costs if applicable, or varying digital 

literacy). If AI becomes a staple study tool, institutions 

may need to ensure all students have access (perhaps by 

providing institutional subscriptions or devices) to avoid 

widening educational inequalities.  

• Responsibility and Accountability: When an AI 

provides information, who is responsible if that 

information is wrong? In an educational context, the 

student using the information is ultimately responsible 

for verifying it. Ethically, students must understand that 

they cannot blame the AI for an error in their work; they 

are accountable for what they learn and submit. 

Conversely, educators using AI to create materials must 

ensure accuracy because they hold responsibility for the 

content delivered to students. If an AI - generated 

practice quiz had a wrong answer key and misled 

students, the instructor must take accountability. On a 

larger scale, if universities encourage AI use, they share 

responsibility in ensuring students are taught to use it 

properly. This is a new dimension of educational ethics – 

traditionally sources of knowledge (textbooks, lectures) 

are vetted; now we have a dynamic source that is not 

fully reliable, and negotiating responsibility is tricky.  

• Impact on Learning and Professionalism: There’s an 

ethical argument about what reliance on AI might do to 

the development of expertise. The medical profession has 

a strong ethos of competency – physicians must master 

the knowledge and be able to apply it. If students lean too 

heavily on AI, do they become less prepared or does it 

stunt the depth of their learning? For example, writing 

skills are important for doctors (for notes, 

communication, research), and if students use AI to write 

their papers, they might not develop those skills fully. 

Similarly, critical thinking is a core competency; if AI 

always provides an analysis, the student might not 

practice that skill. The ethical imperative is to ensure AI 

is used in a way that augments learning rather than 

replacing essential skill development. This is why 

many guidelines say AI should not be used to generate 

entire assignments or answers – the student needs to do 

the intellectual heavy lifting to truly learn. Educators 

should continue to create learning activities that require 

human thought and reasoning, perhaps using AI as a 

secondary aid rather than the primary solver.  

• Future Role of Educators: With AI capable of 

delivering content, there are philosophical and ethical 

questions about the role of teachers. Could AI ever 

replace certain teaching functions? While current 

consensus is that AI is a tool and cannot replace human 

educators – who provide mentorship, moral and 

professional socialization, and the human touch – there 

may be a shift in how teachers operate. They might 

become more like facilitators or curators of content, and 

spend more time on higher - order discussions that AI 

can’t handle. Ethically, the profession of medical 

educators should adapt in a way that preserves the core of 

education (human connection, oversight, and experience 

- sharing) while leveraging AI. It would be unethical, for 

example, to have students taught exclusively by AI 

without human supervision, as this could deprive them of 

important aspects of medical training, such as role 

modeling and empathy development.  

 

4. Future Outlook 
 

Looking ahead, if the challenges are navigated carefully, the 

future of generative AI in medical pharmacology education 

is quite promising:  

• Improved AI Accuracy: Research and industry efforts 

are likely to produce models with lower hallucination 

rates, especially if domain - specific models are 

developed. We might see a specialized “MedGPT” that is 

trained on verified medical databases and continuously 

updated with the latest research, reducing the frequency 

of outdated or incorrect information. As models improve 

and incorporate real - time knowledge retrieval, their 

reliability as educational tools will grow. In the near 

future, an AI might be capable of citing sources for every 

factual claim it makes, allowing students to immediately 

verify content. Some foresee that generative AI will 

evolve to have an integrated “fact - checker” mode for 

medical queries, which would directly tackle the 

hallucination problem.  
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• Personalized Learning Platforms: AI could form the 

backbone of highly personalized learning platforms in 

pharmacology. Imagine an intelligent tutor system that 

knows a student’s strengths and weaknesses (perhaps by 

analyzing their past performance or even how they 

answer AI’s questions), and then guides them through a 

tailored curriculum. Future systems could dynamically 

adjust difficulty, repeat content in new ways for topics 

the student struggles with, and even detect when a 

student might be misunderstanding a concept (through 

analysis of their questions or responses). This level of 

personalization, powered by AI, could potentially 

improve competency and exam performance. Early 

versions of this are on the horizon; as one perspective 

noted, ChatGPT could revolutionize learning by 

providing personalized and adaptive platforms, instant 

access to knowledge, and even automated exam scoring.  

• Integration into Medical Curriculum: We can expect 

formal integration of AI training into the medical 

curriculum. Just as medical students learn to use clinical 

decision support systems or library databases, they may 

soon have dedicated sessions on using AI tools 

effectively for lifelong learning. Accreditation bodies 

might include competencies related to digital literacy and 

AI. This will ensure new doctors know how to leverage 

AI for patient care safely (e. g., knowing how to double - 

check AI suggestions in a clinical decision support 

context). The future physician should be adept at 

working with AI, which starts with being a student adept 

at learning with AI. We may also see AI being used in 

high - fidelity simulations or virtual patients in 

pharmacology, making training more immersive. For 

instance, future OSCE (Objective Structured Clinical 

Examination) stations might involve AI - driven patient 

avatars that test a student’s pharmacology counseling 

skills in real - time.  

• Global and Scalable Education: Generative AI offers 

the possibility of scaling quality education to areas with 

faculty shortages. Not all medical schools have 

pharmacology experts for every subtopic or enough time 

for one - on - one teaching. A robust AI tutor could help 

fill these gaps, providing consistent baseline teaching 

anywhere in the world. This democratization of 

knowledge could standardize medical education quality. 

However, to realize this, those AI tools must be made 

accessible. There might be collaborations between 

medical institutions and tech companies to produce open 

- access AI tools for education or inclusion of AI 

subscriptions in tuition. The equity aspect will need 

addressing so that the AI - augmented learning doesn’t 

become a luxury available only to well - funded 

programs.  

• Ethical and Regulatory Frameworks: In the future, we 

can expect clearer frameworks and perhaps regulations 

on the use of AI in academia. For example, honor codes 

may explicitly mention AI - assisted work. Examination 

bodies (like USMLE or medical college exams) may 

update their policies about what is considered a violation 

concerning AI. We might see tools developed for 

detecting AI - generated content to uphold academic 

honesty (although this is an arms race as AI gets better at 

mimicking human writing). On the flip side, acceptable 

uses of AI may be embraced – e. g., perhaps open - book 

exams will allow AI use to simulate real - world 

conditions where doctors have decision support, but then 

the exam questions will focus on interpretation and 

judgment, not raw recall.  

• Continued Need for Human Expertise: Importantly, 

the future consensus still leans towards AI as an 

augmentative tool. It’s widely acknowledged that AI 

lacks human qualities essential in medicine – empathy, 

ethical reasoning, and nuanced judgment. Therefore, 

future educational paradigms will likely use AI to 

strengthen the foundational knowledge (like 

pharmacology facts) quickly, thereby freeing up time for 

students to engage in discussions about patient 

communication, ethics, and clinical judgment in 

pharmacotherapy. Educators’ roles might shift to 

moderating those higher - level discussions, using AI to 

handle simpler queries. As one review synthesized, the 

optimal implementation of ChatGPT is in augmenting 

rather than replacing professionals, shining in tasks 

requiring technical knowledge while human oversight 

remains for complex judgment. This seems a likely 

blueprint: AI for the “bread - and - butter” information 

delivery, humans for context and wisdom.  

 

In conclusion, the ethical landscape requires careful 

navigation: ensuring honesty, privacy, and equity in AI’s 

use, and not letting technology erode the core competencies 

and responsibilities of medical professionals. If we can meet 

these ethical challenges with sensible policies and education, 

the future where generative AI is a standard part of medical 

pharmacology education looks bright. Students could learn 

more efficiently and perhaps even more thoroughly, with AI 

handling rote learning and providing endless practice, while 

human teachers and mentors focus on refining understanding 

and professional growth. With a balanced approach, the next 

generation of doctors will be both tech - savvy and deeply 

knowledgeable, harnessing AI as a powerful ally in their 

lifelong learning journey.  

 

5. Conclusion 
 

Generative AI represents a transformative development in 

medical education, offering unprecedented opportunities 

alongside significant challenges. In the realm of medical 

pharmacology education, tools like ChatGPT have 

demonstrated the ability to deliver rapid, personalized, and 

wide - ranging instructional support – effectively becoming 

a “virtual tutor” for students navigating the dense 

pharmacological sciences. This review has highlighted how 

such AI can bolster learning: through instant clarifications, 

adaptive teaching, practice question generation, and 

innovative simulations, generative models can make 

pharmacology more accessible and engaging for MBBS 

students. These educational benefits, evidenced by early 

studies and student experiences, suggest that when used 

judiciously, AI can enhance knowledge acquisition and 

potentially improve competency in pharmacology.  

 

Counterbalancing this promise, however, is the intrinsic risk 

of AI hallucinations and inaccuracies. The very mechanism 

that allows generative AI to produce fluent responses also 

permits plausible falsehoods to creep in. In a field where 

precision is paramount, the cost of an unchecked AI error 
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can be high – from flawed exam answers to, in the worst 

case, patient care mistakes by future clinicians. The 

hallucination risk is not merely theoretical; it has been 

observed in multiple contexts, from fabricated reference 

citations to incorrect medical recommendations. Thus, 

embracing AI in education necessitates a parallel 

commitment to mitigation strategies.  

 

Key among these strategies is cultivating an environment of 

critical vigilance: students must learn to view AI as a 

helpful assistant that requires double - checking, not as an 

infallible oracle. Educational institutions and faculty have a 

responsibility to set guidelines, teach AI literacy, and ensure 

that assessments and learning activities are structured in a 

way that maintains academic integrity and deep learning. 

Technical solutions are emerging that may reduce AI’s error 

rate, but in the meantime, human oversight and 

verification remain indispensable. In other words, 

generative AI should complement, not replace, traditional 

learning resources and instructor guidance.  

 

Ethically, the integration of AI into pharmacology education 

calls for thoughtful consideration. Upholding academic 

honesty, protecting patient privacy in educational 

discussions, ensuring equitable access to AI tools, and 

preserving the development of learners’ own skills and 

judgment are all crucial. By addressing these ethical factors 

proactively – through clear policies and a culture of 

responsible use – we can prevent potential harms and misuse 

of AI in the academic setting.  

 

Looking to the future, it is reasonable to expect that 

generative AI will become a standard component of medical 

training. The future outlook is one of high potential: we 

anticipate more reliable AI systems, sophisticated 

personalized learning platforms, and global accessibility that 

could help harmonize medical education standards. Yet, no 

matter how advanced AI becomes, the role of the medical 

educator and the importance of student critical thinking will 

remain central. The ultimate goal is a balanced synergy 

between AI and human intelligence. With generative AI 

handling repetitive informational tasks and providing 

support, students and teachers can invest more effort in 

analytical, ethical, and empathic aspects of medical 

education that machines cannot master.  

 

In conclusion, generative AI in medical pharmacology 

education offers a powerful double - edged sword. On one 

edge, it cuts through learning barriers, providing dynamic 

and tailored educational experiences – a boon for the 

modern medical student. On the other edge, it is blunt and 

dangerous if wielded without caution, as hallucinations and 

misuse can undermine the educational process. The task 

before us is to sharpen the beneficial edge and dull the 

harmful one. By continuing to research, set prudent 

guidelines, and share best practices, the medical education 

community can maximize AI’s educational benefits while 

minimizing its risks. Embracing generative AI with eyes 

open – appreciating its capabilities but remaining mindful of 

its flaws – will allow it to become a valuable ally in training 

the knowledgeable, competent, and safe physicians of 

tomorrow.  
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