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Abstract

Background This scoping review aims to provide a comprehensive analysis of emerging trends and future
developments in medical and pharmacy education, addressing the need to adapt educational approaches to the
rapidly evolving healthcare landscape.

Methods A systematic literature search was conducted in multiple databases to identify relevant studies published
between April 2014 and April 2024. Studies pertaining to trends, forecasting, and future directions in medical and
pharmacy education were included. Data extraction and synthesis followed a comprehensive process involving
independent reviewers and standardized forms. Emerging themes were identified through coding and conceptual
mapping techniques.

Results Out of the 926 records found, a total of 22 studies were reviewed, revealing several key trends: (1) Integration
of artificial intelligence (Al), virtual/augmented reality (VR/AR), and digital technologies to enhance learning and

skills; (2) Curricular reforms emphasizing interprofessional education, value-based care, population health, and social
determinants; (3) Adoption of multidisciplinary approaches incorporating genomics, biotechnology, and data science;
(4) Increased focus on preventive care and chronic disease management; (5) Establishment of ethical frameworks and
competency standards for human-Al collaboration. A significant emphasis was placed on balancing technological
innovation with core clinical skills and humanistic values.

Conclusions This review highlights transformative trends in medical and pharmacy education, providing insights
for stakeholders on aligning curricula and teaching methods with the evolving healthcare landscape. Embracing
technological advancements like Al and VR/AR, while promoting adaptability, interdisciplinary collaboration, and
patient-centered care, is essential for maintaining educational relevance. Developing a workforce proficient in
human-Al collaboration and equipped with multidisciplinary expertise is crucial for future healthcare delivery.
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Background

Medical and pharmacy education play pivotal roles in
shaping the future healthcare workforce and directly
influencing patient care and public health outcomes
[1]. As the landscape of healthcare continues to evolve,
driven by technological advancements, demographic
shifts, and changing disease patterns, the field of medi-
cal and pharmacy education faces significant challenges
and opportunities [2, 3]. Navigating these changes neces-
sitates a critical examination of current trends and a for-
ward-looking analysis to anticipate future developments
[4].

The medical education sector has a long-standing tra-
dition of adapting to meet society’s evolving healthcare
needs [5]. From the earliest forms of apprenticeship
models to the modern era of interdisciplinary, compe-
tency-based curricula, this field has continuously trans-
formed to equip future practitioners with the knowledge,
skills, and competencies required to deliver high-quality
care [6]. However, the rapid pace of change in healthcare
poses ongoing challenges for medical and pharmacy edu-
cation programs to keep pace with emerging trends and
prepare graduates for the dynamic healthcare environ-
ment they will encounter [7, 8].

In recent years, the integration of digital technologies,
such as virtual and augmented reality simulations, online
learning platforms, and data analytics, has revolutionized
the way medical and pharmacy education is delivered
[9-11]. These technological advancements offer oppor-
tunities to enhance learning experiences, facilitate skill
development, and promote interprofessional collabora-
tion [12]. Additionally, the growing emphasis on inter-
professional education and team-based care models has
necessitated a shift towards more collaborative and inter-
disciplinary approaches in medical and pharmacy curri-
cula [13, 14].

Moreover, the medical education sector must evolve
to address shifting population demographics, emerg-
ing health challenges, and the increasing prevalence of
chronic diseases. Incorporating principles of preventive
care, geriatrics, and chronic disease management into
curricula is crucial for preparing future healthcare pro-
fessionals to meet the needs of an aging population and
address the rising burden of non-communicable diseases
[15-19].

Furthermore, the regulatory landscape surrounding
medical and pharmacy education is constantly evolv-
ing, with changes in accreditation standards, licensure
requirements, and practice scope impacting the design
and delivery of educational programs [20]. Navigating
these regulatory shifts while maintaining educational
quality and fostering innovation presents ongoing chal-
lenges for institutions and regulatory bodies alike [21].
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In light of these emerging trends and challenges, a
comprehensive analysis of the future trajectory of medi-
cal and pharmacy education is warranted. By examining
technological advancements, pedagogical innovations,
demographic shifts, regulatory changes, and other influ-
ential factors, this scoping review aims to provide a
holistic understanding of the potential transformations
on the horizon. The insights gained from this study will
empower medical and pharmacy education stakehold-
ers to proactively adapt their programs, curricula, and
approaches, ensuring that future healthcare professionals
are equipped with the knowledge, skills, and competen-
cies necessary to deliver high-quality, patient-centered
care in an ever-changing healthcare landscape. Ulti-
mately, this forward-looking analysis seeks to contribute
to the continuous improvement of medical and phar-
macy education, thereby enhancing patient outcomes
and advancing the overall healthcare system. This scop-
ing review specifically aims to map and analyze emerg-
ing future trends—technological, curricular, social, and
policy-related—in medical and pharmacy education. By
doing so, it seeks to offer actionable insights for curricu-
lum developers and education policymakers preparing
for the next decade of health professions education.”

Methods

Protocol

This scoping review meticulously follows the method-
ological framework outlined by the Joanna Briggs Insti-
tute (JBI) for conducting scoping reviews [22]. This
framework was selected due to its recognized rigor
and comprehensive approach, ensuring transparency
throughout the review process.

Eligibility criteria

Out of the 926 records retrieved from database searches,
22 studies met the inclusion criteria and were included
in the final analysis. The majority of the records were
excluded during the screening process due to lack of rel-
evance, incomplete information, or failure to meet the
defined inclusion criteria.

Inclusion criteria

The inclusion criteria were designed to capture rel-
evant studies that provide insights into this topic. Eli-
gible studies must have been published between April
2014 and April 2024, allowing for the examination of
recent and emerging trends. The focus was on studies
pertaining to medical education (undergraduate, gradu-
ate, and continuing education), pharmacy education
(entry-level, post-graduate, and continuing education),
and interprofessional education involving medical and
pharmacy students or professionals. Topics of interest
included technological innovations in education delivery
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(e.g., virtual reality, online learning), curricular reforms
and pedagogical advancements, integration of emerg-
ing healthcare trends (e.g., precision medicine, digital
health), interprofessional collaboration and team-based
learning, and the impact of changing demographics and
disease burden. The primary review question guiding this
scoping review was: “What are the emerging trends and
future directions in medical and pharmacy education
that should inform curriculum development and policy?’
Based on this question, inclusion and exclusion criteria
were designed to identify relevant literature address-
ing future-oriented changes in medical and pharmacy
education.

Exclusion criteria

To maintain the scope of the review and ensure the rel-
evance of the included studies, several exclusion crite-
ria were applied. Studies that solely focused on other
healthcare professions without considering medical or
pharmacy education were excluded. Additionally, stud-
ies investigating educational interventions or curricula
specific to medical or pharmacy subspecialties, without
broader implications for overall education trends, were
not included. Studies with a primary emphasis on con-
tinuing education or professional development for prac-
ticing healthcare professionals, without explicit relevance
to formal medical or pharmacy education programs,
were also excluded. Finally, conference abstracts, edito-
rials, commentaries, or opinion pieces lacking original
research data or policy analysis were not considered eli-
gible for inclusion in this review.

By adhering to these carefully defined inclusion and
exclusion criteria, this scoping review aims to synthe-
size the most relevant and informative literature on
trends and future directions in medical and pharmacy
education. This approach ensures that the findings of
the review provide valuable insights and recommenda-
tions for enhancing and adapting medical and pharmacy
education programs to meet the evolving needs of the
healthcare landscape.

Information sources and search strategy

An electronic literature search was performed on April
11, 2024, using multiple databases, including PubMed,
Scopus, and Web of Science. Various combinations of
keywords were employed in the search process, such as
“future’, “forecast®, “foresight*, " Pharma®, " Medical’,
and “education”. The results of the electronic search can
be found in Supplementary Material 1. Although Med-
line was not searched directly, we used PubMed, which
includes most of Medline’s indexed content. Future
updates of this review could include direct Medline
searches to enhance comprehensiveness.
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Study selection process

All the records obtained from the electronic search were
exported to Mendeley Desktop to identify eligible papers.
Duplicate articles were removed, and the titles and
abstracts of the remaining Studies were independently
screened by two team members (MB and BF) based on
the predetermined inclusion and exclusion criteria. After
assessing the relevance of the Studies, the full texts of
the potentially eligible publications were retrieved for a
thorough review and assessment. This process ensured a
rigorous evaluation of the Studies to determine their suit-
ability for inclusion in the study. Articles were excluded
based on several factors, including lack of relevance to
future trends, absence of original data or policy insights,
or focus solely on non-target disciplines (e.g., dentistry,
nursing).

Data items and data abstraction

The data abstraction process was carried out by two inde-
pendent reviewers (NZ and FS) using a standardized data
abstraction form specifically designed to capture relevant
information from the included studies. The extracted
data covered various aspects, including study charac-
teristics, research objectives, methodologies employed,
and key findings related to trends and forecasting efforts
in the medical and pharmacy education domain. This
systematic approach ensured a comprehensive and con-
sistent data collection process, facilitating a thorough
analysis and synthesis of the relevant literature.

Synthesis of results
The narrative synthesis process commenced with a thor-
ough reading and re-reading of the extracted data from
each included study to gain an in-depth understanding of
the key findings related to future trends in medical and
pharmacy education. Two reviewers (initials) indepen-
dently coded and categorized these findings into broad
thematic areas using a standardized data extraction form.

These emerging thematic areas were then further
analyzed and refined through an iterative process of
discussion and consensus between the two reviewers.
Similar themes were combined, while divergent themes
were reorganized into distinct categories representing
overarching trends. We adopted a narrative synthesis
approach, as defined by Popay et al. (2006), to themati-
cally group findings across diverse study types without
meta-analysis. This involved iterative coding, theme
development, and conceptual mapping.

Analytical Strategies: To enhance the credibility of the
analysis, the reviewers employed several analytical strate-
gies within the narrative synthesis framework:
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1. Providing robust descriptions of the characteristics
and methodologies of the included studies to
establish context.

2. Exploring relationships within and between the
identified trends through conceptual mapping
techniques.

3. Assessing the trustworthiness and insights of each
data source based on factors such as study design
and relevance to the review question.

4. Identifying and explaining any contradictory data or
conflicting perspectives across studies.

5. Critically examining the strengths and limitations of
the evidence underlying each identified trend.

The final synthesis offers a comprehensive textual sum-
mary and conceptual model of the key emerging trends
expected to shape the future trajectory of medical and
pharmacy education. These trends were further catego-
rized, contextualized, and discussed in relation to exist-
ing literature and theoretical frameworks (See Table 2).

Quality appraisal

In line with the scoping review methodology, a formal
quality appraisal of the included studies was not under-
taken. The primary objective was to map the breadth and
depth of the literature pertaining to the review topic,
aiming to provide a comprehensive overview of the avail-
able evidence rather than critically appraising the quality
of individual studies.

Reporting

This scoping review adheres to the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses
extension for Scoping Reviews (PRISMA-ScR) checklist
to ensure the specificity and comprehensiveness of the
study’s findings [21]. Conformity to this widely recog-
nized reporting guideline enhances transparency and
facilitates the clear and comprehensive dissemination of
the review outcomes, enabling effective communication
of the findings to relevant stakeholders.

Results

Selection of sources of evidence

Our electronic search yielded a total of 926 studies from
a variety of databases. These studies were distributed
across different databases as follows: PubMed (n=287),
Scopus (n=323), and Web of Science (1n=316). After
eliminating duplicate entries, we were left with 419
unique studies.

After conducting the literature review, the studies were
subjected to a rigorous selection process. This involved
thoroughly reviewing the titles and abstracts of the stud-
ies to ensure their relevance and suitability for analysis.
For a visual representation of the systematic literature
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review process and study selection flow, please refer to
Fig. 1. Note: Some studies focused exclusively on either
medical or pharmacy education. These were included
as long as they addressed future trends relevant to that
discipline.

Characteristics of sources of evidence

Among the 75 studies subjected to full-text assessments,
22 were determined to align with the research title’s
inclusion and exclusion criteria. These 22 studies were
consequently selected as the final cohort for our study.
Among the 22 included studies, 18 (82%) discussed tech-
nological advancements such as Al and virtual reality,
while 12 (55%) focused on curricular reforms or interdis-
ciplinary collaboration”

Results of individual sources of evidence

Table 1 provides a summary of the included studies,
including relevant details and key findings. This sum-
mary provides a brief and comprehensive overview of the
selected studies, serving as a quick reference for under-
standing their content and contribution to the research
topic.

Synthesis of results

The synthesis of results revealed several notable trends
within Medical and Pharmacy Education. These trends
encompass a wide range of topics, including techno-
logical advancements, regulatory changes, and shifts in
consumer preferences. Table 2; Fig. 2 present a compi-
lation of emerging trends identified in the Medical and
Pharmacy education that we included in our Scoping
review. Figure 2 illustrates the thematic trends derived
from the included studies. These have been organized
into domains such as technological innovations (e.g., VR/
AR, Al), curricular and pedagogical reforms, interprofes-
sional education, and human-AlI collaboration. The figure
reflects both macro-level shifts in educational philosophy
and specific technological drivers of change.

Social trends

Studies emphasized a shift towards patient-centered
care, interprofessional teamwork, and the inclusion of
social determinants of health in curricula. There is also
growing attention to communication skills, humanistic
approaches, and the integration of population health and
preventive medicine.

Technological trends

The literature highlighted the rapid integration of AI, VR/
AR, simulation, virtual patients, and digital platforms as
transformative tools in education. These technologies
support personalized, immersive, and competency-based
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Fig. 1 PRISMA flow diagram of included studies. Note: Reports not retrieved (n = 69) were due to unavailable full-text access (e.g., paywalls, inaccessible
journals, or withdrawal from databases). Records excluded* (n = 275) were excluded during title/abstract screening because they did not meet inclusion
criteria (e.g., not related to medical/pharmacy education, not addressing future trends, or insufficient methodological details).*

learning, while also raising concerns about ethical over-
sight and reliance on Al

Economic trends

Rising healthcare costs were consistently identified as a
driver for reforms in medical and pharmacy education.
This includes preparing learners for value-based, cost-
effective care delivery and improving understanding of
health policy, financing, and resource management.

Political trends

Several studies emphasized the importance of policy
reforms and stakeholder engagement, highlighting the
role of regulators, universities, and governments in
shaping future curricula to respond to global healthcare
challenges.

Value-Based trends

Ethical considerations were repeatedly underscored,
especially regarding the integration of Al. The need for
frameworks that balance technological innovation with
empathy, patient safety, transparency, and professional
judgment was emphasized as a critical direction for
future education.

Discussion

Based on the identified trends—particularly those related
to Al integration, interdisciplinary learning, and patient-
centered care—several future training priorities emerge.
This scoping review presents a holistic perspective on
the transformative trends poised to reshape medical and
pharmacy education in the coming years. The findings
resonate with several other studies that have explored
the impact of technological advancements, pedagogi-
cal innovations, and evolving healthcare needs on edu-
cational practices [41-44]. Although the focus of this
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No. References

Country

Article Type

Article Summary

1 [22]

Malaysia

Saudi
Arabia

Lebanon

USA

UAE

USA

Canada

Saudi
Arabia

USA

USA

Saudi
Arabia

Saudi
Arabia

Saudi
Arabia

USA

USA

USA

EDITORIAL

ORIGINAL

ORIGINAL

EDITORIAL

EDITORIAL

REVIEW

REVIEW

Letter to the
Editor

EDITORIAL

EDITORIAL

ORIGINAL

ORIGINAL

REVIEW

ORIGINAL

REVIEW

COLLOQUIUM
INTRODUCTION

The Article discusses the challenges and implications of integrating digital technologies and
artificial intelligence in medical education, as well as the need to adapt teaching methods
and curricula to prepare future doctors for a technology-driven healthcare environment.

The article, written from the perspective of the year 2050, outlines the evolution of 21st-cen-
tury medical education, highlighting the inefficiencies of the current system and predicting a
shift towards shorter, more specialized training within a multidisciplinary framework, empha-
sizing quality of life in patient care.

The medical education community is addressing challenges through educational technology,
particularly using virtual patients (VPs), which are interactive patient scenarios. VPs promote
deep learning, clinical reasoning, and competency-based education, and their data can sup-
port research to improve medical education.

The article discusses future trends in medical education, emphasizing the integration of
advanced technologies, cost-effective health care delivery, and the development of a global
professional identity among students. It highlights the need for competency-based education
and the importance of preparing students for efficient and equitable healthcare practices.
The article explores the transformative role of artificial intelligence (Al) in medical education,
emphasizing the integration of Al tools, virtual and augmented reality, and gamification to
enhance learning experiences and diagnostic precision. It also highlights the need for global
accessibility and personalized, adaptive learning systems to prepare future healthcare practi-
tioners effectively.

The article discusses several future trends for medical education, including the integration of
artificial intelligence (Al) and virtual reality (VR). Al can enhance personalized learning, diag-
nostic precision, and ethical awareness, while VR can simulate clinical experiences to improve
empathy and clinical skills. These technologies promise to revolutionize medical education by
providing adaptive, immersive, and interactive learning environments.

the main future trend highlighted is the need to move beyond just replicating patient-spe-
cific anatomy to also recreating the physiological properties and biomechanical behavior of
human tissues through new printing materials, composites, and technologies.

The trends highlighted are the growing role of Al and chatbots in medical education, but
with a strong emphasis on human oversight, ethical considerations, rigorous training data
and methods, and constant refinement to mitigate the risks and limitations associated with Al
technologies in this domain.

the editorial highlights the pressing need to revamp medical training at all levels to produce
Al-proficient physicians while maintaining core skills, and addressing challenges like equitable
access and workforce impacts.

The editorial envisions a future medical education model that leverages technology for more
engaging, customized, and scalable learning experiences focused on building practical skills,
beyond just content delivery.

The overarching trends highlighted revolve around strategically integrating Al into all levels of
medical training while maintaining clinical competencies, addressing equity challenges, and
adapting to Al'simpact on the medical workforce landscape across specialties.

The article highlights the need for nationally standardized outcomes, integrated curricula,
advanced teaching methods, improved assessments, enhanced experiential training, and
multi-stakeholder collaboration to advance pharmacy education in Saudi Arabia.

The article highlights the need for personalized, technology-driven learning experiences, skill
development beyond traditional curricula, research focus, value-based approaches, and ad-
dressing ethical concerns to integrate Al effectively in medical education.

In summary, the trends highlight using technology, simulations, mobile apps, and interactive
methods to create more engaging, self-directed, competency-based learning aligned with
newer healthcare needs and current student learning preferences.

The authors argue that empirical research in these areas is needed to guide the effective and
ethical integration of generative Al into medical education curricula and practices.

This study aimed to synthesize the potential opportunities and limitations of generative Al in
medical education. It sought to identify prevalent themes within recent literature regarding
potential applications and challenges of generative Al in medical education, with the goal of
using these insights to guide future areas of exploration and research in this field.
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No. References  Country

Article Type

Article Summary

17 [35] Canada

South
Korea

Ireland

20 [38] Pakistan

CROSS-SECC-
TIONAL STUDY

REVIEW

ORIGINAL

EDITORIAL

The key future trend is the integration of Al-related curricula and training into medical educa-
tion programs to ready graduates for an Al-driven healthcare environment while addressing
logistical obstacles in implementing such curricula. The specific formats and pedagogical
approaches remain to be determined.

The authors synthesize trends from analyzing various innovative educational programs
described in the literature that aim to prepare medical students for future healthcare contexts
influenced by technological advances, patient diversity, community needs, etc.

This article highlighted the rise of webinars and e-learning as disruptive but accessible modes
of medical education that can promote multi-disciplinary interactions while reducing travel
needs and carbon footprints compared to traditional conference models.

In summary, the integration of Al language models like ChatGPT in medical education is

seen as inevitable, but with a need for robust governance, human oversight, and a balanced

approach where Al supplements rather than replaces human input, critical thinking, and

originality.

21 [39] USA REVIEW

The key trends involve VR becoming a routine part of integrated, multidisciplinary medical

training focused on building technical skills as well as humanistic competencies like empathy
in a standardized, accessible, and cost-effective manner.

22 [40] USA EDITORIAL

In essence, the editorial calls for transformative and forward-looking reforms in medical

education to create a workforce prepared for the scientific and technological advancements
reshaping healthcare delivery and preventive interventions.

review is on medical and pharmacy education, the identi-
fied trends and training needs—such as Al literacy, inter-
professional collaboration, and adaptive expertise—are
equally relevant to broader health professions education.
These insights can inform interdisciplinary curriculum
development across healthcare disciplines.

Technological integration and Human-Al collaboration

The integration of artificial intelligence (AI), virtual
reality (VR), and augmented reality (AR) technologies
emerges as a dominant theme, aligning with the observa-
tions of various researchers [45—48]. These technologies
offer immense potential for enhancing learning experi-
ences, promoting skill development, and fostering diag-
nostic precision. However, as highlighted by Davenport
and Kalakota [49], the effective adoption of Al in edu-
cation requires a balanced approach that maintains the
development of core clinical competencies and humanis-
tic values.

Several studies emphasize the need for robust ethical
frameworks and guidelines to address issues such as data
privacy, algorithm transparency, and potential biases in
Al systems [50—52]. These concerns echo the findings of
this review, underscoring the importance of multi-stake-
holder collaboration in developing comprehensive cur-
ricula and governance models that optimize human-AI
synergies.

Curricular reforms and future workforce Preparation
The identified need for curricular reforms to align with
value-based, cost-effective care delivery models resonates

with the perspectives presented by Skochelak and Stack
[53]. Their work highlights the importance of equipping
future healthcare professionals with a broader skillset
encompassing health policy, population health manage-
ment, and an understanding of social determinants of
health.

Furthermore, the emphasis on interprofessional collab-
oration and communication skills aligns with the recom-
mendations put forth by the Interprofessional Education
Collaborative (IPEC) [54]. As healthcare systems become
increasingly complex, the ability to collaborate effectively
across disciplines and navigate multifaceted care path-
ways will be essential for the future workforce.

Multidisciplinary approaches and precision medicine

The review’s findings underscore the importance of
adopting multidisciplinary approaches and integrating
fields such as genomics, biotechnology, and data science
into curricula. This aligns with the vision presented by
the National Academies of Sciences, Engineering, and
Medicine [55], which calls for the cultivation of a “science
of healthcare delivery” that leverages diverse disciplin-
ary perspectives to improve patient outcomes and system
performance.

Additionally, the need to prepare graduates for the
era of precision medicine and data-driven healthcare is
echoed by the American Association of Colleges of Phar-
macy (AACP) [56]. Their curricular guidelines emphasize
the integration of pharmacogenomics, bioinformatics,
and data analytics to equip future pharmacists for per-
sonalized medicine and evidence-based practice.
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Table 2 New trends extracted from the review for the medical and pharmacy education field

No. New Trends References

Social

1 Shift towards personalized/genomics-based treatments, impacting how future doctors are trained. [22]

2 The curriculum will redefine the outcomes of patient care, focusing not just on diagnosis and treatment but also on quality-of- ~ [16]
life issues and the successful reintegration of patients into society.

3 Rising health care costs will drive reforms in medical education, emphasizing the need to prepare students for efficient care [21]
delivery. This includes understanding health policy, population health, and health care financing, and focusing on the social
determinants of health.

4 Curricular changes to prepare students for new value-based, cost-effective healthcare delivery models that address social deter-  [21]
minants of health and population health.

5 Emphasizing the development of skills like communication, social pharmacy, information technology, and medication safety in -~ [31]
the curriculum.

6 Focusing on transitioning the pharmacist’s role from product-centered to more patient-centered care. [31]

7 Medical education will need to focus on developing skills like statistical expertise, communication, teamwork, risk management,  [32]
and compassion, in addition to factual knowledge.

8 A humanistic approach to patient safety: [36]
« Encouraging humanistic doctors who can better understand patients, appreciate physicians'roles, and build meaningful rela-
tionships with patients.

- Facilitating collaboration between medical students and other health professionals to ensure patient safety.

9 Emphasis on “soft skills” like communication, negotiation, and persuasion for technical medical roles in the data economy. The [15]
analysis shows a gap between industry demand for these human skills and their lack of focus on academic training.

10 Shifting focus from just disease diagnosis and treatment to more emphasis on health maintenance, disease prevention, risk [40]
management, translational sciences and behavioral sciences.

11 Continuing medical education (CME) will be replaced by continuing professional development (CPD), focusing not just on clini-  [16]
cal updates but also on managerial, social, and personal skills.

12 A multidisciplinary approach to patient care will be adopted, with allied health care workers playing a more significant role 6]
alongside physicians.

13 Updating curricula to keep pace with rapid advancements in life sciences knowledge enabled by international collaboration, [40]
large health data banks, information technology tools, and new data analysis techniques.

Technological

14 Increased use of digital technologies like podcasts, videos, mobile apps, video games, simulations, and wearable devices in the [22]
educational environment.

15 Al is being used for making diagnoses by comparing patient data/images with large databases, e.g,, facial recognition software  [22]
for diagnosing genetic syndromes and Al-based dermatology consults.

16 Increased use of animations, augmented reality, and virtual reality for teaching concepts related to body functions, diseases, etc.  [22]

17 Increased use of virtual patients (VPs) - interactive, multimedia patient scenarios - to address various challenges in medical [23]
education.

18 Using VPs to promote deep learning through active, constructive, and interactive learning activities like summary writing, priori- ~ [23]
tizing differential diagnoses, etc.

19 Medical education will increasingly incorporate technologies such as artificial intelligence, robotics, genomics, and nanotechnol- [21]
ogy. These advancements will enhance diagnostic capabilities, treatment options, and educational methods, including simula-
tion and telemedicine.

20 Increased use of technology-enabled approaches like virtual patients, simulations, online modules, etc. for teaching and [21]
assessment.

21 Al will be pivotal in medical education, enhancing learning through Al-powered tools, personalized learning experiences, and [24]
improving diagnostic precision. This includes Al-driven games, virtual patients, and content-based image retrieval for diagnostic
training

22 Utilizing virtual reality (VR) and augmented reality (AR) technologies to create immersive and interactive learning experiences, [24]
enabling students to investigate and participate in simulated clinical scenarios.

23 Implementing Al-powered games and gamification elements (points, badges, leaderboards) to increase engagement, foster [24]
collaboration, and optimize learning outcomes through personalized and adaptive challenges.

24 Integrating Al training into the medical education curriculum to enhance diagnostic accuracy, enable personalized learning op-  [24]
portunities, and promote ethical awareness in the use of Al technologies in healthcare.

25 Utilizing VR headsets and head-mounted displays to provide immersive and interactive learning experiences that mimic real- [25]
world clinical scenarios and reinforce didactic concepts.

26 Incorporating gamification elements and Al-powered games into VR experiences to increase student engagement and create [25]

personalized, adaptive learning challenges.
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Table 2 (continued)

No.  New Trends References

27 Increasing the availability, accessibility, and reducing costs of 3D printing technology and expertise to enable wider adoptionin  [26]
medical education programs.

28 Development of composite and blended printing materials to better mimic the flexibility, elasticity, and tissue properties of [26]
biological tissues like skin, organs, vasculature, etc.

29 Increasing use of chatbots and artificial intelligence (Al) in medical education, but with the need for human monitoring and [27]
oversight to address limitations and potential risks of inappropriate or dangerous content generated by Al.

30 Integrating artificial intelligence (Al) into medical school curricula to train future physicians on how to effectively utilize Al in [28]
medical practice.

31 More use of the “flipped classroom” approach where students prepare by watching lectures/doing pre-work at home, and then ~ [29]
come to class for more active case-based learning, problem-solving, and team activities.

32 Leveraging technologies like video lectures, online platforms, tablets, smartphones, etc. to deliver educational content and [40]
facilitate interactive learning.

33 Integrating artificial intelligence (Al) and advanced analytics into medical curricula to train students on utilizing these technolo-  [30]
gies in medical practice.

34 Using advanced teaching methodologies that focus on student self-learning, active learning, and technology integration (e.g., [31]
flipped classroom, simulations, blackboard).

35 Al can provide tailored instructional content and learning experiences based on individual students'knowledge gaps, learning [32]
speeds, and preferences, promoting deeper understanding.

36 Realistic clinical scenarios using virtual patients and augmented reality can allow students to learn and practice in a risk-free [32]
environment.

37 Medical students must be prepared to adapt to rapid technological advancements in Al and machine learning for healthcare. [32]

38 Technology-enhanced active learning (TEAL) approaches using games, simulations, and other interactive activities to engage [33]
the current generation of medical students.

39 Use of virtual patient simulations (VPS) to provide students opportunities to practice clinical reasoning and decision-makingina [33]
safe environment before live patient encounters.

40 Use of interactive technologies to teach concepts related to community/primary care medicine needed to meet requirements ~ [33]
of the Affordable Care Act.

41 Exploring virtual environments, electronic health records integration, and virtual anatomy teaching materials alongside clinical ~ [33]
case simulations.

42 Increasing use of computational models and visualizations to understand complex biological, technological, and social systems  [15]
related to healthcare and medicine.

43 Greater emphasis on training students to work with data, computational models, and visualizations. As more decision-making [15]
relies on analyzing large datasets and interpreting model outputs, there will likely be a need for medical education to teach data
literacy and analysis skills.

44 Providing personalized, contextualized learning tailored to individual student needs. [15]
45 Preparing students for human-Al collaboration and workflow. With Al increasingly automating certain tasks, medical education ~ [15]
may need to focus on training humans for roles that leverage uniquely human capabilities while working alongside Al systems.

46 Preparing the medical workforce for Al adoption in healthcare [35]
47 Inclusion of Al curriculum in formal medical education programs [35]
48 Student-driven learning with advanced technology: [36]
« Active learning with individualization facilitated by virtual patients, simulations, augmented reality, etc.

- Social interaction and peer learning are enabled by online communities, mobile devices, etc.
«Increased accessibility to learning resources regardless of geographic location.

49 Increased use of large language models like ChatGPT for assisting in medical education and clinical decision-making. [38]

50 Increased casual and routine use of VR as a supplemental training tool integrated into standard medical curricula and continuing [39]
education programs. VR is projected to become more commonplace in medical training.

51 Increased use of e-learning webinars as an alternative or supplement to traditional conferences and in-person teaching methods [37]
like lectures.

52 Leveraging webinars to promote multi-disciplinary and inter-disciplinary learning by having experts from different subspecialties [37]
present on the same topics.

53 Increasing use of online platforms and open-access educational resources like the “Heart University” mentioned in the paperto  [37]
disseminate webinars and other e-learning content.

54 Expansion of multiplayer and interprofessional VR scenarios, allowing learners from different disciplines to interact and practice  [39]
teamwork in shared virtual clinical cases.

55 Adopting a more multidisciplinary approach to medical education that integrates different fields like genetics, biotechnology, [29]

nanotechnology, 3D printing, etc. to provide more individualized and preventive care.

Economic
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No. NewTrends References

56 Rising healthcare costs will drive reforms in medical education, emphasizing the need to prepare students for efficient care [21]
delivery. This includes understanding health policy, population health, and health care financing, and focusing on the social
determinants of health.

57 Rising healthcare costs will drive reforms in medical education, emphasizing the need to prepare students for efficient care [21]
delivery. This includes understanding health policy, population health, and health care financing, and focusing on the social
determinants of health.

Political

58 Engaging diverse stakeholders from academia, sciences, health sectors, patient communities, and policymakers in reforming [40]
medical education to address future changes.

Value

59 Ethical considerations and implementation of controls/limits around the use of Al language models in medical education to [27]
prevent the spread of harmful ideas and erroneous information.

60 Striking a balance between training on Al tools and developing innate clinical skills, to avoid over-reliance on Al at the expense  [28]
of core medical expertise.

61 Legal and ethical considerations around properly training physicians on Al usage to meet evolving standards of care and avoid ~ [28]
issues like malpractice.

62 Designing curricula that optimize the combination of Al proficiency and development of innate clinical abilities. [30]

63 Legal and ethical considerations around properly training physicians on Al usage to meet evolving standards of care and avoid ~ [30]
issues like malpractice claims.

64 Ethical frameworks need to be established to ensure Al algorithms are transparent, fair, and unbiased while addressing issues like  [32]
data privacy and informed consent.

65 Developing learners'skills to evaluate Al critically: [34]
- Teaching learners critical appraisal skills to assess the accuracy and quality of Al-generated information
- Fostering skills to navigate uncertainty and incomplete/biased data from Al
Developing curricula to enhance learners™Al literacy”

66 Rethinking assessment methodology: [34]
« Reconsidering assessment objectives and methods in light of Al's ability to mimic higher-order cognition
« Studying the impact of Al usage on assessment validity and implications for competency evaluation

67 The potential risk of over dependence on Al leads to the degradation of human cognitive abilities for fundamental tasks. (38]

68 A humanistic approach to patient safety: [36]
« Encouraging humanistic doctors who can better understand patients, appreciate physicians'roles, and build meaningful rela-
tionships with patients.

- Facilitating collaboration between medical students and other health professionals to ensure patient safety.

69 Early clinical exposure and hands-on experience will be emphasized, with students gaining practical experience from the begin-  [16]
ning of their training through programs like the “patient-specialist program.

70 The length of medical education will be significantly shortened, with students completing a 3-year core medical curriculum after [16]

high school, followed by a 2-year higher medical education track (physician, allied health, or medical scientist track), and then a

2-year specialty training program.

Future needs and required training

Based on the identified trends and insights from the
broader literature, several key future needs and required
training areas emerge:

1.

Al Literacy and Human-AI Collaboration:
Medical and pharmacy curricula must prioritize
developing learners’ capabilities to effectively
collaborate with Al systems. This includes fostering
a deep understanding of Al principles, ethical
considerations, and the ability to critically evaluate
Al-generated information and insights [57].
Interprofessional and Teamwork Skills:

As healthcare delivery becomes increasingly
collaborative and team-based, interprofessional
education (IPE) and training in effective teamwork
and communication will be crucial [58]. Simulations,

case-based learning, and interprofessional clinical
experiences can help cultivate these essential
competencies.

. Data Analytics and Decision-Making: With the

growing emphasis on evidence-based practice

and data-driven decision-making, training in data
analytics, biostatistics, and critical appraisal of
research findings will be paramount [59]. Learners
must develop the ability to interpret complex

data and translate insights into informed clinical
decisions.

. Adaptive Expertise and Lifelong Learning: Given

the rapid pace of change in healthcare, cultivating
adaptive expertise and a commitment to lifelong
learning will be essential for future professionals [60].
Curricula should emphasize metacognitive skills,
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self-directed learning strategies, and the ability to
navigate and synthesize diverse knowledge sources.
5. Patient-Centered Care and Empathy: While
embracing technological advancements, maintaining
a strong focus on patient-centered care, empathy, and
effective communication with patients and caregivers
will be crucial [61]. Training in narrative medicine,
reflective practice, and emotional intelligence can
foster these humanistic competencies.
6. Leadership and Change Management: As
healthcare systems undergo transformations,
future healthcare professionals will need to develop
leadership skills and the ability to navigate and drive
organizational change [62]. Training in change
management, systems thinking, and strategic
planning can equip learners for these essential roles.
7. Entrepreneurship and Innovation: With the rise of
digital health, personalized medicine, and disruptive
healthcare models, fostering an entrepreneurial
mindset and innovation skills will be valuable
[63]. Curricula can incorporate design thinking,
lean startup methodologies, and opportunities for
developing and pitching innovative solutions.

To address these future needs, educational institutions,
healthcare organizations, and regulatory bodies must
collaborate to develop comprehensive, forward-looking
curricula and training programs. Continuous evaluation
and adaptation will be necessary to ensure that medical
and pharmacy education remains relevant and effective
in the rapidly evolving healthcare landscape.

By embracing technological innovations while pri-
oritizing adaptive, future-ready competencies, medi-
cal and pharmacy education can produce a workforce
equipped to navigate the complexities of modern health-
care, deliver high-quality patient-centered care, and drive
transformative changes in the healthcare ecosystem.

Strengths and limitations

While this scoping review provides a comprehensive
overview of the emerging trends and future directions
in medical and pharmacy education, it is important to
acknowledge several limitations that should be consid-
ered when interpreting the findings.

First, the review relied solely on published academic
literature obtained through database searches. Relevant
insights from grey literature sources, such as industry
reports, white papers, or government publications, were
not included in the search strategy. Given the rapidly
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evolving nature of technological advancements and edu-
cational innovations, these sources may contain valuable
information and perspectives that could further enrich
the understanding of future trends.

Second, the search was limited to studies published
between April 2014 and April 2024. While this timeframe
aimed to capture the most recent and relevant literature,
it is possible that seminal or foundational works pub-
lished before 2014 were inadvertently excluded from the
review. Additionally, given the continuous emergence of
new research, publications released after April 2024 were
not considered, potentially omitting the latest develop-
ments in the field.

Third, the review focused specifically on medical and
pharmacy education, excluding literature that explored
future trends in the broader healthcare education land-
scape or other allied health professions. While this nar-
row scope allowed for an in-depth analysis of the target
disciplines, it may have overlooked relevant insights from
related fields that could inform or influence the future
trajectory of medical and pharmacy education.

Fourth, the study selection process relied on the subjec-
tive assessment of the reviewers in determining the eli-
gibility and relevance of studies based on the predefined
inclusion and exclusion criteria. Despite efforts to main-
tain consistency and objectivity, there is a possibility
that some relevant studies may have been inadvertently
excluded or irrelevant studies included due to differences
in interpretation or human error.

Finally, the synthesis of results and identification of
trends were based on a narrative approach, which inher-
ently involves a degree of subjectivity. While analyti-
cal strategies were employed to enhance the credibility
and trustworthiness of the findings, the potential for
researcher bias in interpreting and synthesizing the data
cannot be entirely eliminated.

It is crucial to interpret the findings of this scoping
review within the context of these limitations. Future
research efforts could address these limitations by incor-
porating a broader range of literature sources, expanding
the scope to include related healthcare disciplines, and
employing more rigorous analytical techniques to syn-
thesize and validate the identified trends. Additionally,
the selection of databases—while covering a broad spec-
trum—may have excluded relevant literature from other
sources such as Medline or CINAHL. Future studies may
benefit from expanding the database range to include
additional health and education-focused repositories.

Conclusion

This scoping review provides a comprehensive overview
of the emerging trends expected to shape the future
of medical and pharmacy education. The key findings
highlight the transformative impact of technological
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innovations like artificial intelligence, virtual reality, and
augmented reality in enhancing educational delivery and
learning experiences. However, the effective integration
of these technologies requires a balanced approach that
maintains core clinical competencies and humanistic
values.

Beyond technology, the review emphasizes the need
for curricular reforms to align education with evolving
healthcare models focused on value-based, cost-effective
care delivery. Developing skills in areas like interprofes-
sional collaboration, population health management, and
understanding social determinants of health is crucial for
the future workforce.

The review also underscores the importance of adopt-
ing multidisciplinary approaches and integrating fields
like genomics and data science to prepare graduates for
precision medicine and data-driven healthcare. Address-
ing the changing disease burden through preventive care
and chronic disease management education is another
key trend.

While subject to certain limitations, this review offers
valuable insights to guide educational institutions, poli-
cymakers, and healthcare organizations in proactively
adapting their programs to the identified trends. Embrac-
ing innovation while prioritizing adaptive, future-ready
competencies will be critical to ensuring the continued
relevance and effectiveness of medical and pharmacy
education in the rapidly evolving healthcare landscape.
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