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ARTICLE INFO

Associate Editor: Martin Michel

ABSTRACT

We are arguably experiencing the greatest disruption to higher education in modern history. High-quality
education research has demonstrated that active learning and other innovations are significantly more
effective than traditional methods. The recent pandemic forced educators to adapt in previously un-
imaginable ways. Generative artificial intelligence now presents great challenges and opportunities for our
approaches to teaching, support of learning and assessment, such as streamlining personalized feedback
while raising concerns about academic integrity. This article provides a research informed, expert com-
mentary to support new pharmacology educators in navigating this complex environment. The article is
neither a systematic review by design and methodology, nor is it offering comprehensive coverage of the
pertinent literature (an insurmountable task, given the breadth of the topic). We highlight how educators
in basic and clinical pharmacology are transforming their teaching and curricula to enhance student
success in current and future settings. Global initiatives, such as those sponsored by the International
Union of Basic and Clinical Pharmacology, including the Pharmacology Education Project and Core
Concepts-based curricula, are offering opportunities to enhance pharmacology education by standard-
izing key concepts, providing open-access learning resources, and fostering international collaboration.
These efforts are intended to support alignment of curricula, improve student engagement through
interactive materials, facilitating a global exchange of best practices, and supporting educators in adopting
innovative teaching methodologies. These initiatives require contributions from pharmacology experts
across multiple countries, languages, and cultures. Consequently, this article serves as a call to action to
advance innovation and inclusivity in pharmacology education.

Significance Statement: Recent disruptions in higher education have forced educators to adapt in ways
that would have previously been unthinkable. The article provides an evidence-based, expert com-
mentary for new pharmacology educators that will assist them to thrive in this complex environment.

© 2026 The Author(s). Published by Elsevier Inc. on behalf of American Society for Pharmacology and
Experimental Therapeutics. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).

I. Introduction

certainly have encountered student use of generative artificial
intelligence (AI),”> with all the tremendous opportunities and

Those individuals around the world teaching pharmacology for
the first time have had a bumpy, exciting ride in recent years.
Almost every aspect of their teaching role has undergone signifi-
cant change in the past decades. New pharmacology educators
may have less professional identity as a pharmacologist than their
predecessors, as their department may have been merged with
those from other disciplines, and their content may have been
integrated within clinical or biomedical curricula.! Depending on
the institution, pharmacology educators may be “education-
focused” (ie, with the majority of their workload dedicated to
teaching and education-focused scholarship) or may follow a more
traditional “Teaching and Research” model (ie, a blend of teaching
and laboratory-based or related research activities). They will

integrity concerns that it entails with respect to teaching, learning
and assessments.> The students that they teach may have a low
opinion of textbooks* and may favor gamification or online video
repositories.>® The mode of teaching in their institution has quite
likely changed to incorporate active learning, case-based learning,
and/or problem-based learning (PBL). The COVID-19 pandemic
profoundly impacted higher education, introducing “drastic”
changes to pharmacology education delivery.” Fortunately, phar-
macology educational innovation, scholarship, and research has
much to offer this passionate new educator.

This article presents perspectives from education leaders in
Australia, Europe, Qatar, and the United States, offering commentary
on recent changes in the pharmacology education landscape. The
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authors include basic pharmacological science educators and health
professions educators from medicine, nursing and pharmacy.
Following agreement on the article’s structure, individual sections
were drafted by >1 authors with relevant expertise. These drafts
underwent multiple rounds of revision and collaborative refine-
ment. The final manuscript was reviewed collectively to ensure
alignment with the original intent and coherence across sections.

The paper is structured into 3 key sections: (1) the evolving role
of pharmacology educators, exploring historical developments and
the interdisciplinary nature of the field; (2) the knowledge, skills,
and attitudes that should be taught, focusing on curriculum
development and competency-based learning; and (3) research-
informed methods for effective teaching, highlighting innovative
pedagogical approaches and technological advancements in edu-
cation. Throughout, we provide practical educator guidance and
links to resources, summarizing key insights to support educators
in adapting their practices. Although this article includes diverse
perspectives from multiple nationalities, we acknowledge that
many geographical and national considerations remain beyond its
scope.

II. Evolution of the pharmacology educator
A. Evolution of pharmacology as a discipline

All scientific disciplines have a unique history with debatable
points of origin, key milestones of discovery, notable periods of
decline, and concerns of futureproofing in the era of scientific
revolutions and technological advancements. ' Pharmacology as
a scientific discipline has a rich history rooted in humanity’s un-
derstanding and manipulation of natural compounds for thera-
peutic purposes. Early healers and practitioners relied heavily on
plants, minerals, and animal-derived compounds to treat illnesses,
as documented in classic texts such as Dioscorides’ De materia
medica (~ap 50—70), which detailed around 600 substances to treat
over 1500 illnesses. Such early therapeutic frameworks were
based largely on observation and entrenched beliefs, such as
humorism and the doctrine of signatures,'’ passed down from
teacher to pupil and rarely questioned for centuries. Although
some remedies in early pharmacopoeia proved effective, such as
willow bark and opium for managing fever and pain, many were
ineffective or even harmful. Over time, skepticism grew among
physicians in human and veterinary medicine regarding the reli-
ability of this inherited body of knowledge."'?

The transition from traditional medicine to a more systematic
and scientific approach began during the Renaissance, driven by
pioneers such as Paracelsus. He rejected Greek humorism,
asserting that diseases had specific causes that could be treated
with chemical-based remedies,'? and highlighting the importance
of dose-response relationships. Advancements in methods of
chemical isolation, alongside the emergence of modern organic-/
bio-chemistry and experimental physiology paved the way for
investigating the physiological effects of individual chemicals and
identifying their specific sites of action. As a result, pharmacology
evolved from an empirical branch of medicine to a science focused
on understanding the precise mechanisms of drug action.

Pharmacology is inherently interdisciplinary, as it combines
and integrates several academic disciplines such as chemistry,
physiology, and even mathematics, each with their own termi-
nology, theoretical frameworks, and methodological traditions.
Although modern pharmacology emerged from advances in
biochemistry, physiology, and pathophysiology, it has also pro-
foundly influenced these fields by introducing new methods for
analyzing life processes and treating diseases. As early as 1704,
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pharmacology was described as a “boundless field.”"> However, its
very expansiveness places a challenge on the pharmacologist to
define the discipline, and on the pharmacology educator to teach
and prioritize the core curriculum.”* Rudolf Buchheim
(1820—1879) was one of the first Professors of Pharmacology and
among the earliest educators to establish pharmacology as a
distinct scientific discipline within the medical curriculum."” He
championed 2 core principles for teaching pharmacology: first,
that drugs should be grouped by how they act rather than by their
source or chemical structure, and second, that these mechanisms
must be elucidated through scientific inquiry to support rational
therapeutic use. By shifting teaching in his institution away from a
reliance on materia medica and embedding this experimental
approach into undergraduate training, he laid essential ground-
work for modern pharmacology education.

As pharmacology developed into a thriving scientific disci-
pline, universities saw a proliferation of pharmacology de-
partments and the establishment of named chairs in the field.'®
However, this growth also coincided with an increasing division
between basic/fundamental science and clinical departments.
Early pharmacologists were often physicians, as reflected in the
British Pharmacological Society (BPS), where 90% of members at
its founding in 1931 had medical training.'"'” During the early to
mid-20th century, it was common for medical students in the
United States and United Kingdom to take 1 or 2 years after their
basic training to conduct research, including pharmacological
studies, before either returning to clinical practice or continuing
as scientists.'® These clinically trained pharmacologists often
became instructors for both science and medical students.'® The
introduction of residency programs for junior doctors, primarily
within clinical rather than scientific departments, reduced the
number of clinicians engaged in basic pharmacological
research.’’ By 1964, the proportion of medically trained phar-
macologists in the BPS had declined to 25%.!" Within universities,
this division had a notable impact. Basic science departments,
including pharmacology, focused on supporting teaching and
conducting increasingly complex research that required special-
ized expertise. In contrast, clinical departments prioritized ser-
vice delivery. This separation led to a divergence in how
pharmacology was taught. In healthcare programs, basic phar-
macology often emphasized research topics with limited rele-
vance to clinical practice, whereas the practical application of
medicines was reserved for later stages of training. A 1962 talk at
Yale University on the contribution of basic science to the future
of medical education noted these changes:

Some of the startling changes can be surmised from a quick
glance at the schedule of seminars held by the basic science
departments of the Yale Medical School. A random sample for
the week of February 12 reveals a Pharmacology seminar on
“the interaction of anomalous nucleotides with polynucleotide
phosphorylase,” a Biochemistry seminar on “the assembly of
the hemoglobin molecule,” a Microbiology seminar on ‘in vitro
hybridization and synthesis of alkaline phosphatase,” and so
on. The subject matter may seem foreign and the relevance to
medicine may seem remote.”’

This growing disconnect was reflected in the continued decline
of medically-trained pharmacologists, with their proportion in the
BPS falling to 14% by 1971. In 1976, Csaky, marking the 100-year
anniversary of Rudolf Buchheim’s seminal work on pharma-
cology education, raised concerns about an “identity crisis” in
medical school pharmacology.’' The paper highlighted the gap
between the foundational scientific knowledge of pharmacology
acquired by researchers and its practical application in patient
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care. Csaky argued that clinicians needed more than rote memo-
rization of which drugs to prescribe; they required a deeper un-
derstanding of pharmacological mechanisms to adapt to the
rapidly evolving field of drug development. Within higher educa-
tion, he emphasized the importance of providing medical students
with a solid foundation in the scientific principles of pharma-
cology to prepare them for applying this knowledge to emerging
therapeutics.

1. Pharmacology as an interdisciplinary subject

Pharmacology education has evolved significantly since the late
1970s, both in terms of what is taught and how it is delivered.
Today, we are moving into an interdisciplinary era that emphasizes
connections across foundational sciences and healthcare pro-
fessions, and bridges the divide between preclinical and clinical
education, reshaping how pharmacology is taught. This shift has
been driven by a range of complex factors including changing
regulatory requirements (see section Evidence-Based Approaches to
Determining What We Teach and What Students Need to Learn),
advancements in our understanding of effective pedagogical ap-
proaches (see section How We Teach), advancements in thera-
peutics, and evolving departmental structures. There has been a
concerted effort to connect pharmacology education at the un-
dergraduate level to real-world applications, whether in drug
design and development, or the clinical use of medicines. In
healthcare education, the trend has been toward integrating basic
and clinical medicine within integrated curricula (see section
Evidence-Based Approaches to Determining What We Teach and
What Students Need to Learn). This is complemented by the intro-
duction of industrial placements in pharmacology programs, and
redesigned curricula that emphasize active learning and authentic
assessment methods (see section How We Teach).

The trend toward greater interdisciplinarity and the integration
of pharmacology into broader disciplines is marked by the merg-
ing and loss of named pharmacology departments over past de-
cades. Table 1 highlights this trend by comparing the names of UK
departments that explicitly include “Pharmacology” from Gries-
bacher’s 2003 list of “Pharmacology Departments Worldwide,”??
with the names of departments at the same universities in 2025.
This shows a 74% reduction in the number of UK departments
explicitly named “Pharmacology” from 2003 to 2025. Similar re-
ductions are seen in several countries, illustrated by the examples
in Table 2.

The movement toward interdisciplinary departments has been
prompted by both structural and educational factors, largely
reflecting the increasingly collaborative nature of modern science.
Innovations in drug development, biomedical research, and
personalized medicine rely on a combined understanding of a
myriad of subjects including pharmacology, cell biology, genetics,
chemistry, and clinical sciences. Interdisciplinary research
combining knowledge from multiple fields can address complex
problems beyond the scope of a single discipline.?>** Indeed,
blending of disciplines has catalyzed the rise of emerging areas
such as bioinformatics, systems biology, and personalized medi-
cine.?” Such cross-disciplinary research can be facilitated through
the merging of departments and encouragement of collaborative
grants and research projects. There is an additional economic
component to the merging of departments, where financial pres-
sures at many universities can drive efforts to reduce adminis-
trative costs and optimize the use of research infrastructure.

From an education perspective, the focus on translating foun-
dational research into clinical practice underpins the need for
curricula spanning molecular mechanisms, therapeutic strategies,
and patient outcomes.”® In healthcare education, the shift toward
competency-based education, where students must demonstrate
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proficiency across integrated knowledge areas, has prompted the
development of programs that embed pharmacology within a
broader interdisciplinary framework. The aim is to emphasize the
interconnectedness of subjects such as physiology, pathophysi-
ology, biochemistry, communication and professionalism in un-
derstanding mechanisms of disease, therapeutic approaches, and
patient care'®?’ 30 (see section Evidence-Based Approaches to
Determining What We Teach and What Students Need to Learn).
The rationale for teaching pharmacology alongside other disci-
plines is further supported by new education models that promote
active learning and problem-solving skills, which are better sup-
ported by integrated courses that encourage the application of
knowledge across disciplines'®2?>? (see section How We Teach).

The loss of pharmacology departments through their merger
into larger multidisciplinary units, while offering numerous ad-
vantages outlined above, also presents challenges for education.
Integration of multiple disciplines risks the development of over-
loaded curricula, where students struggle to meet the diverse
demands of several subjects (see section Evidence-Based
Approaches to Determining What We Teach and What Students
Need to Learn). Such curricula may compromise the comprehen-
siveness of pharmacology education, resulting in graduates who
lack essential knowledge and skills specific to the field. Faculty
may need to teach across broader subject areas, and pharmacology
could be delivered by nonspecialists, potentially affecting the
quality and rigor of pharmacology education and research. More
broadly, the absorption of smaller disciplines into larger academic
units risks diminishing their visibility, weakening their represen-
tation in decision-making, and making it more difficult to secure
targeted funding or attract students with a clear interest in the
field. The loss of autonomous departments may also hinder
recruitment, curriculum innovation, and the long-term sustain-
ability of specialist career paths.>!

Looking ahead, the ongoing trend toward institutional
mergers at the level of entire higher education institutions
(HEIs) could amplify these challenges. Such Ilarge-scale
restructuring often leads to the reorganization or closure of
programs seen as financially marginal or misaligned with new
strategic goals. In this context, smaller or more specialized dis-
ciplines, particularly those without strong cross-subsidy from
larger enrolments, may come under increasing pressure. The
implications of HEI mergers therefore extend beyond adminis-
trative efficiency; they may reshape the academic landscape in
ways that challenge the sustainability of certain fields, poten-
tially accelerating trends already set in motion by earlier
departmental consolidations.>?

2. The role of pharmacology in modern healthcare and society
Pharmacology and the broader pharmaceutical sciences un-
derpin one of the fastest growing sectors of the global economy,
driven by rapid advances in therapeutic design and postgenomic
technologies.>>** Research and development pipelines in the
pharmaceutical industry are expanding at an unprecedented rate,
spurred by innovations in biologics, genomics, and precision
medicine.> Concurrently, medicines continue to occupy an ever-
larger share of healthcare practice and spending, delivering sig-
nificant improvements in health outcomes but also adding
complexity to clinical decision-making. In the United States,
spending on retail prescription drugs increased by 11.4% between
2022 and 2023, to $449.7 billion, accounting for 1.62% of Gross
Domestic Product.®® In the UK health sector, spending on medi-
cines typically makes up 20% of all nonwage costs (around £20
billion) and this proportion continues to rise.>”*® In Belgium, retail
pharmaceutical expenditure amounts to €2.92 billion and is ex-
pected to rise by 23.5% between 2022 and 2027.%° Belgian hospital
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Table 1
Name changes of UK pharmacology departments from 2003 to 2025

Pharmacological Reviews 78 (2026) 100126

2003 Name (Griesbacher??)

2025 Name?

Department of Medicine and Therapeutics, University of Aberdeen
Department of Pharmacy and Pharmacology, University of Bath
Department of Therapeutics and Pharmacology, Queen’s University
Department of Pharmacology, University of Birmingham
Medicines Research Unit, Aston University

Molecular Biosciences Research Group, Aston University
Department of Pharmacology, University of Bristol

Department of Pharmacology, University of Cambridge

Department of Pharmacology Therapeutics and Toxicology College of
Medicine, University of Wales

Division of Pharmacology, Welsh School of Pharmacy University of Wales

Department of Pharmacology and Neuroscience, University of Dundee

Interdisciplinary Research Group of Neuropharmacology, Division of
Neuroscience University of Edinburgh

School of Pharmacology, University of Glasgow

Division of Neuroscience and Biomedical Systems Institute of Biomedical
and Life Sciences, University of Glasgow

Molecular Pharmacology Group Division of Biochemistry and Molecular
Biology Institute of Biomedical and Life Sciences, University of Glasgow

Division of Pharmacology Department of Veterinary Preclinical Studies,
University of Glasgow

Department of Physiology and Pharmacology School of Pharmacy
University of Strathclyde

Department of Cell Physiology and Pharmacology, University of Leicester

Department of Pharmacology and Therapeutics, University of Liverpool

Division of Pharmacology and Therapeutics King’s College, University of
London

Sackler Institute of Pulmonary Pharmacology, King’s College University of
London

Section of Behavioural Pharmacology, Institute of Psychiatry, King’s College
University of London

Department of Clinical Pharmacology, Cardiovascular Science National
Heart and Lung Institute, Imperial College London

Department of Pharmacology Queen Mary and Westfield College
University of London

Department of Biochemical Pharmacology, Queen Mary and Westfield
College University of London

Department of Pharmacology, University College London

Centre for Clinical Pharmacology Therapeutics and Toxicology, University
College London

Department of Life Sciences, University of East London

Department of Pharmacology, Royal Free Hospital of Medicine

Department of Neuroendocrinology (previously Department of
Pharmacology), Charing Cross and Westminster Medical School

Department of Clinical Pharmacology and Therapeutics, Charing Cross and
Westminster Medical School

School of Biological Sciences, University of Manchester

Department of Pharmacological Sciences, Newcastle University

Psychopharmacology Section, Division of Psychiatry, School of Community
Health Sciences, University of Nottingham

Department of Pharmacology, University of Oxford

Department of Clinical Pharmacology, University of Oxford

Anatomical Neuropharmacology Unit Medical Research Council

Section of Pharmacology, School of Pharmacy and Biomedical Sciences,
University of Portsmouth

Institute of Medical Sciences, University of Aberdeen

Department of Life Sciences, University of Bath

School of Pharmacy, Queen’s University Belfast

Institute of Clinical Sciences, University of Birmingham

School of Biosciences, Aston University

School of Biosciences, Aston University

School of Physiology, Pharmacology, and Neuroscience, University of
Bristol

Department of Pharmacology, University of Cambridge

School of Medicine, Cardiff University

School of Pharmacy and Pharmaceutical Sciences, Cardiff University
School of Life Sciences, University of Dundee
Centre for Discovery Brain Sciences, University of Edinburgh

School of Infection and Immunity, University of Glasgow
Institute of Infection, Immunity and Inflammation, University of Glasgow

Institute of Molecular, Cell and Systems Biology, University of Glasgow
School of Veterinary Medicine, University of Glasgow

Strathclyde Institute of Pharmacy and Biomedical Sciences (SIPBS),
University of Strathclyde

School of Biological Sciences, University of Leicester

Department of Pharmacology, University of Liverpool

School of Cancer and Pharmaceutical Sciences, King’s College London

School of Cancer and Pharmaceutical Sciences, King’s College London

Institute of Psychiatry, Psychology and Neuroscience, King's College
London

Department of Metabolism, Digestion and Reproduction, Imperial College
London

School of Biological and Behavioural Sciences, Queen Mary University of
London

School of Biological and Behavioural Sciences, Queen Mary University of
London

UCL Division of Biosciences, University College London

UCL Division of Medicine, University College London

School of Health, Sport and Bioscience, University of East London
UCL Medical School, University College London
Faculty of Medicine, Imperial College London

Faculty of Medicine, Imperial College London

Faculty of Biology, Medicine and Health, University of Manchester
Biosciences Institute, Newcastle University
School of Life Sciences, University of Nottingham

Department of Pharmacology, University of Oxford

Department of Pharmacology, University of Oxford

Medical Research Council Brain Network Dynamics Unit, University of
Oxford

School of Pharmacy and Biomedical Sciences, University of Portsmouth

Departments are ordered alphabetically according to city using reference data from Griesbacher.??
?For institutions where specific pharmacology departments were merged or renamed, the current broader departments or schools are listed where pharmacology or
related subjects are now housed. Some institutions have integrated pharmacology into wider interdisciplinary institutes or schools, reflecting the trend toward multi-

disciplinary education and research.

Table 2

Number of departments retaining the explicit mention of “pharmacology” in their

departmental title from 2003 to 2025 across a range of countries

Region 2003 2025 Percent Decrease
Australia 9 5 44
Belgium 14 5 64
Canada 14 9 36
South Africa 12 4 67
United Kingdom 34 9 74

Using the dataset from Griesbacher.?

outpatient pharmaceutical expenditures amount to €2.86 billion,
with an expected increase in the same period of 78.4%.3° In Europe,
the pharmaceutical sector has shown substantial growth, with
research and development spending increasing by an average of
4.4% annually between 2010 and 2022, from €27.8 billion to €46.2
billion, contributing a total of €311 billion to the EU-27 economy
and directly employing over 865,000 people in 2022.%° In Europe,
the Organisation for Economic Cooperation and Development
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projects a 48.0% increase in total pharmaceutical expenditures
between 2022 and 2027.%!

At the same time, public expectations of the safety and efficacy
of medicines have never been higher. Unfortunately, patients’
safety is being compromised by an increase in adverse effects of
drugs and prescribing errors, many of which are avoidable.*? One
in 20 patients experiences preventable medication-related harm.
One fourth of the harm is severe or potentially life-threatening.
The prevalence is relatively higher in the most vulnerable pa-
tients, for example in low- and middle-income countries or geri-
atric care units.*> Against that background, the need to provide
effective education in pharmacological sciences for researchers,
clinicians, and arguably for the public, has never been greater.**
These individuals will play important roles in drug development,
clinical trials, regulation, appraisal, prescribing and supervision of
therapy, and will have to do so with regard to a science that is
changing ever more rapidly.

B. Pharmacology students: A growing and diverse cohort

Pharmacology education today includes students in a broad
range of academic programs, such as medicine, pharmacy, nursing,
dentistry, veterinary science, and biomedical sciences (see “Phar-
macology training programs” below). Each program will have
distinct entry criteria, thus students enter with varied prior
learning experiences and progress toward different objectives,
such as prescribing competence, pharmaceutical care, or research
literacy. Such diversity influences students' learning approaches
and how pharmacology curricula are designed, as educators aim to
balance relevance and depth without overloading programs.* This
becomes increasingly difficult when students from different pro-
grams are cotaught. Recognizing diversity in the cohorts we teach
is essential to ensure that each qualification achieves the level of
pharmacological understanding needed for its professional
context. Beyond these programmatic considerations, broader de-
mographic shifts in higher education have further diversified
pharmacology cohorts, influenced by globalization, policy reforms,
and enhanced accessibility. These shifts are evidenced in the
increasingly diverse profiles of pharmacology students, who
represent a broad spectrum of socioeconomic backgrounds, cul-
tural identities and academic experiences.

The globalization of higher education has led to an unprece-
dented increase in students enrolling at HEIs in countries different
to their nationality, that is, international students. According to data
from Organisation for Economic Cooperation and Development,
international students represented approximately 10% of the global
higher education population in 2020, with this figure rising to as
much as 26% in United Kingdom and 48% in Luxembourg.*® More
students travel for education, facilitated by improved trans-
portation but also coordinated changes among countries. For
example, changes implemented through the Bologna Process make
it easier for students to travel and get experience of different
countries and cultures, enjoy modules that might not be available in
their own country and allow for greater postgraduate employability.
This flexibility has allowed countries with excess program places to
address shortages elsewhere and is also of benefit to educators.*’
These changes allow lecturers to teach similar courses in different
countries and collaborate on offerings with other institutions. High-
demand courses such as medicine and veterinary science are
particularly affected, as some countries cannot accommodate all the
students seeking to pursue these careers, despite the need for more
professionals. For example, many Irish students are enrolled in
undergraduate degrees in medicine and veterinary science in
Poland, and German students are enrolled in medical degrees in
Austria or Hungary.*8 >0
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Pharmacology programs, particularly those within prestigious
universities, attract international students from regions with limited
access to advanced pharmaceutical sciences. Many universities even
offer branch campuses for the provision of pharmacy programs to
international students.”! This internationalization enriches the
pharmacology classroom by fostering diverse perspectives, pro-
moting cross-cultural collaboration, and broadening the scope of
academic discourse. The growing diversity within the student body
is also increasingly apparent among domestic students, as higher
education initiatives to improve accessibility have welcomed in-
dividuals from a wider range of underrepresented socioeconomic,
ethnic, age, and disability backgrounds.’> >* In the United Kingdom,
almost 40% of young people now enter higher education, a signifi-
cant rise compared with previous decades.> In the Netherlands over
the last decade, more Dutch people have been attending higher
vocational education or university. In 2013, 28% of people aged
15—74 years had an higher vocational education or university
diploma, but in 2023 that share was 36%.°° Figure 1°/ shows the
percentage of the population enrolled in tertiary education across
the world.

Pharmacology is recognized as a degree that offers students
from poor socio-economic backgrounds a high chance of social
mobility.”® An increasing enrolment of mature students, often
pursuing career changes or advanced specializations, adds another
layer of diversity to classrooms. These students bring valuable
professional experience but often balance their studies with sig-
nificant personal and professional responsibilities, such as careers,
family commitments, and other obligations outside of university
life. The increasing diversity of cohorts highlights the importance
of flexible learning options, such as online resources and blended
teaching methods, alongside inclusive practices to address dis-
parities in academic preparation and support students navigating
financial pressures or competing demands beyond academia. The
rise in international students likewise presents challenges for
educators. Variations in prior academic preparation and language
proficiency may require the implementation of tailored teaching
strategies to ensure equitable learning outcomes for all.>%%°

1. Pharmacology training programs and employment

Students engage with pharmacology through degree programs
and professional development courses, including undergraduate and
graduate programs spanning healthcare, basic and clinical research,
and drug development. All healthcare professionals—doctors,
pharmacists, nurses, physician associates, dentists, vets, and others,
increasingly require a solid grounding in pharmacology. Beyond the
clinic, pharmacological research fuels the discovery of new drugs
and therapeutic innovations. At the undergraduate level, standalone
pharmacology degrees provide students with comprehensive foun-
dational knowledge in drug actions, pharmacokinetics, toxicology,
and experimental techniques. Graduates from these programs
progress onto a range of different careers, including in the phar-
maceutical industry or academia. These were the 2 major employ-
ment outcomes for pharmacology graduates noted in a 2017 report
commissioned by the BPS.%! The report analyzed undergraduate and
postgraduate education, work experience opportunities and
employment patterns for pharmacologists in the United Kingdom.
The number of pharmacology undergraduates in the United
Kingdom increased by 40% between 2007 and 2015, with an average
of 6.4 applications per first-year place, reflecting strong demand.
Pharmacology’s growth rate surpassed other medical sciences, and
the number of graduates exceeded first-year entrants, suggesting
students often transferred into the field. The number of post-
graduate students in pharmacology, pharmacy, and toxicology
courses grew by 6% a year since 2003, again, much faster than the
average across all subjects (3.1%). In 2015, 28 universities in the
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Fig. 1. Enrolment in tertiary education across the world. Data is presented as a percentage of the population of the age group that is enrolled in tertiary education. Results may be
influenced by proportion of the population within that age group and reliability of birth registries in each country. The figure was created using the World Bank Group databank®’

and enhanced for clarity using Inkscape.

United Kingdom offered undergraduate pharmacology degrees un-
der 17 titles, highlighting variability in program definitions.®' The
report noted that traditional “pharmacology” degrees were
declining, whereas “medical pharmacology” and “applied pharma-
cology” were rising. Whether these changes reflected substantive
differences in program content versus branding to emphasize career
relevance was unclear. Overall, the data showed strong interest and
growing enrolment in pharmacology programs in the United
Kingdom, with the discipline increasingly featured in allied degrees.
Modern pharmacology is taught at varying depths across the
diverse courses it is found within, as highlighted by a study that
evaluated pharmacology curricula in Australian science and
health-related degree programs.®” Using a national survey across
22 institutions and 147 courses, it found that pharmacology con-
tent was broadly consistent across degree programs, but the
breadth and depth of coverage varied. Pharmacy programs
devoted the most lecture hours, whereas medicine focused on
integrated teaching approaches (see section How We Teach). Sci-
ence programs emphasized standalone courses, and nursing pro-
grams had the least comprehensive coverage of pharmacology
topics.%? Nurses are generally trained in basic pharmacokinetics
and pharmacodynamics, although a study across 14 European
countries found only 70% of students evaluated the training as
sufficient.%> More fundamental topics such as medicinal chemistry
and toxicology were seldom or never addressed, with the focus
more on pharmaceutical care.®® Evolving roles such as nonmedical
prescribing authority for nurses, are expanding worldwide and
requires more in-depth pharmacological understanding.
Sometimes, the challenge is not deciding what to teach, but
rather how to integrate it into an already packed program that
must also address multiple other disciplines, skills, competencies,
and graduate attributes. Over the past few decades, clinical phar-
macology has been integrated horizontally and/or vertically across
most medical curricula, which has reduced dedicated teaching
hours and made the subject less visible, at times even causing it to
disappear entirely.?® Indeed, very few teaching hours in European
medical curricula are devoted to clinical pharmacology education
(median 68 hours; + 2%—3% of total study load).%* Trends are

similar in the United States where clinical pharmacology educa-
tion averages 109 hours.?’ The study load for clinical pharma-
cology tends to be lighter compared with other subjects,
particularly those focused on diagnostic subjects. Curriculum de-
signers often prioritize diagnostic subjects over therapeutic sub-
jects, as the former is generally viewed as more challenging.®”

Appeals to preserve pharmacology as a distinct discipline have
been made globally over the years.°® Researchers who aimed to
map pharmacology or pharmaceutical care in education encoun-
tered difficulties as coordinators of educational programs were not
able to provide overviews. The integration in a broad range of
courses throughout the curriculum, often resulted in a more
scattered, and less controlled program content.’> In 2006, the
clinical pharmacologist and later UK Government Chief Scientific
Adviser (2018—2023) argued “teaching and training across the
range of areas of pharmacology need the discipline to exist as a
discrete entity and require, above all, role models to inspire the
next generation.”®” Fast-forward to almost 20 years later and the
educator’s sentiment of preserving the discipline of pharmacology
has evolved. One of the major considerations now relates to the
practicalities of how to teach pharmacology effectively with the
rapid expansion of knowledge and skills that graduates must
possess.!6:68

C. Pharmacology educators: Balancing research, teaching, and
pedagogy

Who then will be the (future) teachers of pharmacology and
clinical pharmacology able to train and inspire the next generation
of students? Analysis of job adverts for lecturers on undergraduate
pharmacology degrees reveals that the majority require applicants
to have a PhD in pharmacology or a related discipline. Pharma-
cology is frequently taught within interdisciplinary biomedical
science departments, where educators may also teach related
subjects such as physiology, anatomy, pathology, or microbi-
ology.®® This diversity can enrich pharmacology education by
bringing multiple perspectives, but it may also create structural
challenges for curriculum design and alignment, particularly when
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educators’ primary academic training lies outside pharmacology.
Teaching outside one’s discipline can be challenging, especially for
staff who are new to teaching in general. Based on our observa-
tions across many institutions around the world, while the struc-
ture of teaching roles varies substantially, pharmacology educators
commonly fall into 2 broad categories: those in predominantly
education-focused roles and those who combine education with
clinical or laboratory research. Within pharmacology education for
healthcare degrees, we find basic science educators, who often
teach the foundational and early years’ education, and clinical
educators, for example practicing physicians, pharmacists, or vets,
who teach the more clinically applied pharmacology, though some
also cover foundational pharmacology.”®

In the past, pharmacology educators were predominantly re-
searchers or clinicians, with teaching often being a secondary re-
sponsibility.”! Similar to colleagues in other fields, they lacked
formal training in pedagogy and therefore relied on traditional
methods, such as lectures, which often did not emphasize critical
thinking or the practical application of knowledge. However, as
higher education has progressed, the value of high-quality teach-
ing has become increasingly apparent.”> The modern pharma-
cology educator operates at the intersection of scientific research,
education, and pedagogical innovation, and increasingly they
balance research (scientific or education) with high-quality
teaching, leadership, and administration responsibilities. As with
educators in most disciplines, pharmacology educators must draw
on an integrated set of knowledge, skills, and professional attri-
butes to enable their students to succeed.®® Moreover, teaching the
more clinically applied pharmacology requires lecturers to un-
derstand the roles and responsibilities that the students will take
up after graduation, so they can select and teach the most relevant
course content.

A fundamental requirement of the pharmacology educator is
expertise in core disciplinary knowledge: for example, pharma-
cokinetics, pharmacodynamics, drug interactions, toxicology, and
therapeutics. Educators must further have knowledge and insights
in the fields of chemistry, biochemistry, cell biology, physiology,
and pathophysiology (among others), and be able to integrate
these disciplinary fields. The relative importance of these disci-
plines naturally depends on the educator’s field of work, that is,
involvement in health sciences-oriented curricula or curricula
focused more on drug development.

Building on this foundation of core disciplinary knowledge,
pedagogical content knowledge (PCK) plays a crucial role in
effective pharmacology education as in other disciplines, bridging
subject mastery with teaching methodologies to create meaning-
ful learning experiences. PCK encompasses an educator’s ability to
understand how students learn specific topics, identify common
misconceptions, and employ instructional strategies that facilitate
comprehension and retention.”> Great educators need both gen-
eral pedagogical skills, which focus on classroom management and
instructional delivery, and PCK, with which educators anticipate
subject-specific student challenges and adapt their teaching
accordingly.”*

Pharmacology educators develop PCK through ongoing
engagement with their discipline, which may involve research
encompassing both the Scholarship of Teaching and Learning
(SoTL) and Discipline-Based Education Research (DBER), 2 com-
plementary approaches to investigating and improving student
learning.”>’® SoTL aims to advance instructional practice through
the systematic study of teaching and/or learning, and the public
sharing and review of such work.”” It is highly contextualized,
often driven by individual academics seeking to refine their
teaching strategies through reflective practice, classroom-based
research, and collaborative discussions. Although pharmacology
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educators are trained in experimental methods common to the life
sciences, SOTL often relies on methodologies rooted in the social
sciences, requiring educators to engage with new research para-
digms. Engagement in SoTL can begin at a small scale through
faculty development programs, pedagogical workshops, and
reflective teaching practices, eventually extending to more formal
qualifications in Education at a postgraduate level. These oppor-
tunities help educators build expertise in pedagogical research
while equipping them with tools to enhance student learning in
pharmacology.

In contrast, DBER applies systematic research methodologies to
examine how students learn within a particular discipline. DBER in
pharmacology is embedded in the discipline’s knowledge base,
aligning research priorities with the specific challenges of teach-
ing, for example, drug mechanisms, pharmacokinetics, and ther-
apeutic applications. Unlike SoTL, which often emphasizes
educator experience and classroom practice, DBER seeks general-
izable insights that inform curriculum design, assessment strate-
gies, and student engagement across different educational
contexts. It is influenced by cognitive science, educational psy-
chology, and broader science education research, often investi-
gating how students conceptualize complex pharmacological
processes.”®80 Pharmacology DBER benefits from national and
institutional collaborations, supporting large-scale studies that
can impact teaching beyond individual classrooms. Despite their
differences, SoTL and DBER are not mutually exclusive, and many
pharmacology educators engage in both, using SoTL to refine their
teaching approaches in specific courses and DBER to generate
broader insights applicable across institutions. Publishing research
on pharmacology education, presenting at discipline-specific
teaching conferences, and collaborating with interdisciplinary
education researchers can provide valuable professional develop-
ment opportunities,>®> and is an increasingly recognized part of
promotion and tenure programs for educators.®!

The range of topics and rise in pharmacology education
research over the last 78 years is illustrated in Fig. 2. Although the
results presented do not reflect a comprehensive search, they were
selected to demonstrate the increasing visibility and diversifica-
tion of pharmacology education, particularly in the postpandemic
era. The earliest paper retrieved (1947) “Suggestions for new ob-
jectives in pharmaceutical education” and the most recent (2025)
“Al in action: Changes to student perceptions when using gener-
ative artificial intelligence for the creation of a multimedia project-
based assessment,” both address contemporary challenges in their
respective contexts. However, the nature of these challenges has
evolved considerably. Although foundational concerns around
curriculum and professional identity remain, the complexity and
speed of change, particularly driven by technological advances,
now pose significant demands on educators. Overall, the search
revealed that pharmacology education within medical and nursing
programs was most represented across the retrieved papers. All
titles had a teaching focus; however, a more robust evaluation of
pharmacology education research would require a comprehensive
literature search using a wider set of databases beyond PubMed.

In addition to pedagogical research skills, lecturers require
diverse technical and organizational skills. They must design and
structure curricula, manage courses across different formats,
deliver engaging lessons, supervise research, assess students in
meaningful ways, and ensure curricula meet the requirements of
Accrediting and Regulatory bodies. The rapid advancement of
technology has transformed pharmacology education; thus, edu-
cators must have the technological skills to utilize and adapt to
such advancements. Digital learning platforms, Al-driven tools,
and virtual and augmented reality simulations create immersive
and interactive learning environments.'®?° Although technology
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Fig. 2. An illustrative representation of the rise in pharmacology education research. (a) Data were visualized from PubMed based on the scholarly output associated with
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scholarship papers retrieved. (b) Word cloud created in SciVal from the following search terms: (“Pharmacology education” OR “Pharmacology teaching” OR “Pharmacology
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provides opportunities to enhance student engagement and
personalize learning experiences, it is the role of the educator to
critically assess its pedagogical value. Effective technology inte-
gration involves balancing digital innovation with evidence-based
teaching practices and engaging in continued professional devel-
opment to ensure that the digital tools are used effectively and
confidently.

Beyond knowledge and technical skills, educationalists propose
that a modern university educator must demonstrate profession-
alism through enthusiasm, authenticity, and continuous self-
improvement.®? Additionally, collaboration, adaptability, cultural
competence, and an experimental mindset are essential for
enhancing student learning and keeping pace with educational
advancements.%® Education is no longer solely about delivering
information but about actively engaging students in the learning
process (see section How We Teach). Pharmacology educators must
be bold, creative, and willing to take risks, testing new teaching
methods and incorporating digital tools to enhance student
learning. However, this requires a growth mindset, as well as
institutional support for educators to pilot and evaluate new ap-
proaches effectively. As higher education becomes increasingly
internationalized, pharmacology educators must develop cultural
competence to effectively teach students from diverse back-
grounds. Differences in cultural attitudes toward hierarchy,
communication, and learning styles can shape classroom dynamics
and student engagement.”>®> Educators must therefore adopt in-
clusive teaching practices, ensuring that pharmacology education
remains accessible and relevant to a global student body.

Collaboration plays a fundamental role in advancing pharma-
cology education, allowing educators to develop, refine, and
enhance their teaching methods while reducing the pressures of
content creation. These collaborations can occur at multiple levels:
within departments, across faculties, nationally, and internation-
ally. Collaboration with educational experts can support pharma-
cology teachers by offering sophisticated teaching strategies, novel
instructional methods, and specialized assessment techniques
designed to improve learning outcomes. These experts can provide
valuable guidance on curriculum design, student engagement
strategies, and the effective use of technology in the classroom.
Moreover, collaboration with educational specialists can promote
professional growth, helping teachers to stay updated with the

latest educational trends and continually refine their teaching
skills.

At the institutional level, new educators often begin by forming
links with colleagues teaching related subjects, such as physiology,
microbiology, chemistry, and clinical medicine, enabling a
constructivist approach that scaffolds learning and prevents un-
necessary duplication in curricula.’® While in healthcare educa-
tion, interdisciplinary collaboration between basic (preclinical)
and clinical pharmacology educators helps vertically integrate
content and maintain continuity of pharmacology knowledge
across training stages.’®®* Studies have shown that educators who
are collaborating to design and implement integrated curricula
feel more supported when they are housed in interdisciplinary
educational departments than they do as singular educators in
their own scientific departments.®> In these environments, their
contributions to the institution are more easily recognized by their
peers, and promotion pathways are usually clearer. However, in
integrated departments it can be difficult to collaborate with other
pharmacology educators because they are usually limited in
number. Therefore, technological advances such as web confer-
encing and asynchronous teaching enable pharmacology educa-
tors to collaborate with colleagues from other institutions and
countries for both educational research and teaching. These
collaborative networks are called virtual communities of practice.

In addition to virtual communities of practice, more formal or-
ganizations are growing at the national and international levels to
support pharmacology educators. For example, the International
Union of Basic and Clinical Pharmacology (IUPHAR) hosts an Edu-
cation Section (IUPHAR-Ed), and many national pharmacology so-
cieties®® have distinct education divisions (see Table 3). Such
organizations organize conferences and offer online proceedings
where pharmacology educators can network to share educational
best practices and collaborate in educational scholarship endeavors.

IIl. Evidence-based approaches to determining what we
teach and what students need to learn

What we teach and what students need to learn is described in
curricula. A curriculum is a prescriptive content that illustrates
what will be taught in a given educational program (input or
subject matter), who will teach (teacher), who will be taught
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Examples of pharmacological societies with dedicated pharmacology education committee

Society

Education Section/Division/Committee

IUPHAR—oversees over 60 member societies and over 100,000 pharmacologists worldwide

ASPET - The American Society for Pharmacology and Experimental Therapeutics

ASCEPT - Australasian Society of Clinical and Experimental Pharmacologists and Toxicologists

SBFTE - Brazilian Society of Pharmacology and Experimental Therapeutics
BPS - British Pharmacological Society

CSPT - Canadian Society of Pharmacology and Therapeutics

CNPHARS - Chinese Pharmacological Society

NVF - Dutch Pharmacological Society

EACPT -The European Association of Clinical Pharmacology & Therapeutics

PS] - Japanese Pharmacological Society

https://iuphar.org/pages/educations
https://www.aspet.org/aspet/membership-community/divisions/
division-for-pharmacology-education-%28dpe%29
https://www.ascept.org/special-interest-groups/
https://sbfte.org.br/iniciativas-educacionais/
https://www.bps.ac.uk/about-the-bps/our-people/committees-
groups/
https://pharmacologycanada.org/education-committee
https://www.cpa.org.cn/?do=enclass&classid=366
https://www.nvfarmacologie.nl/education/
https://eacpt.org/working-groups/education/education-sub-
committee/
https://pharmacol.or.jp/educator

(learner), with what tools and in what context (milieu), with what
effect (output/outcomes), and how that will be assessed (assess-
ment).8” Although later sections will focus on the mode of
teaching and assessment, this section will focus on curriculum
design in terms of content selection, alignment with necessary
standards and curriculum refinement.

A. Professional/accreditation requirements

Program curricula are generally determined by national re-
quirements and where applicable, accrediting bodies. National
organizations usually determine the standards required for
different qualifications (diploma, degree, etc), for example, the
Australian Qualifications Framework®® in Australia, The National
Framework of Qualifications Ireland,®® and the Quality Assurance
Agency (QAA) for Higher Education®® in the United Kingdom.
Many frameworks (49 countries) are guided by the Bologna Pro-
cess.’! For health professions such as nursing, medicine, phar-
macy, dentistry, and veterinary medicine, curriculum
requirements are largely determined by professional/accrediting
bodies such as the Liaison Committee for Medical Education,
which is responsible for the accreditation of allopathic medical
schools in the United States and the General Medical Council
(GMC) accrediting UK medical degree programs. Many of these
bodies have developed competency frameworks and graduate
outcomes statements that stipulate what students must be able to
do/show to apply for registration. For example, in the United
Kingdom the GMC provides a list of outcomes for graduates®” and
the Adult-Gerontology Clinical Nurse Specialist Competencies
include several pharmacology specific competencies that must be
demonstrated before nurses can be certified as clinical nurse
specialists.”

Within Bachelor of Science (BSc) programs, pharmacology can
be included as either a major or a minor element. BSc degrees are
generally not accredited by professional bodies, although they do
need to comply with national standards for science programs and
qualifications in general. For countries participating in the Euro-
pean Higher Education Area, the Bologna process provides a
qualifications framework that stipulates that a Bachelor’s degree
should include 180—240 European Credit Transfer and Accumu-
lation System credits, be approximately 3—4 years in duration, and
meet the following generic learning outcomes:

e “have demonstrated knowledge and understanding in a field of
study that builds upon their general secondary education, and
is typically at a level that, while supported by advanced text-
books, includes some aspects that will be informed by knowl-
edge of the forefront of their field of study;

can apply their knowledge and understanding in a manner that
indicates a professional approach to their work or vocation, and
have competences typically demonstrated through devising
and sustaining arguments and solving problems within their
field of study;

have the ability to gather and interpret relevant data (usually
within their field of study) to inform judgments that include
reflection on relevant social, scientific or ethical issues;

can communicate information, ideas, problems, and solutions
to both specialist and nonspecialist audiences;

have developed those learning skills that are necessary for
them to continue to undertake further study with a high degree
of autonomy.”%*

National level guidance is provided in some countries. For
example, the UK’s benchmark statement on Biomedical Science
and Biomedical Sciences (QAA, 2023) provides guidance on what
should be included in BSc degrees. A recent update of these QAA
benchmark statements highlighted that BSc pharmacology un-
dergraduates should possess the core knowledge, understanding,
and skills associated with many of the 24 core concepts recently
published by global pharmacology educators.®®%°

B. Curriculum development

Although guidelines provided by governments and accrediting
bodies, provide direction, they are often written in broad terms,
requiring pharmacology educators to make important decisions
about what specific content and skills to include through curric-
ulum development. Curriculum development is a process of
analysis, design, implementation, and evaluation. There are many
models used to develop curricula for medical and health sciences
programs, for example, the Kern 6 step model, the systemic cur-
riculum and instructional development model, the curriculum
centered strategic planning model.”® However, at their core, they
generally include needs assessment, teaching and learning stra-
tegies, assessment processes, and evaluation processes.?®
Although teaching and learning strategies and assessment are
covered in section entitled How We Teach, here we will focus on
needs assessment and evaluative processes.

1. Identifying the learning outcomes required in our programs
Needs assessment informs the formulation of expected
learning outcomes. Learning outcomes are statements of what
students are expected to know after successfully completing a
course/program. For some professional courses, learning out-
comes are defined at organizational, regional, national, or inter-
national levels.””*® In some courses, there may be more flexibility


https://iuphar.org/pages/educations
https://www.aspet.org/aspet/membership%2Dcommunity/divisions/division%2Dfor%2Dpharmacology%2Deducation%2D%28dpe%29
https://www.aspet.org/aspet/membership%2Dcommunity/divisions/division%2Dfor%2Dpharmacology%2Deducation%2D%28dpe%29
https://www.ascept.org/special%2Dinterest%2Dgroups/
https://sbfte.org.br/iniciativas%2Deducacionais/
https://www.bps.ac.uk/about%2Dthe%2Dbps/our%2Dpeople/committees%2Dgroups/
https://www.bps.ac.uk/about%2Dthe%2Dbps/our%2Dpeople/committees%2Dgroups/
https://pharmacologycanada.org/education%2Dcommittee
https://www.cpa.org.cn/?do%3Denclass%26amp;amp%3Bclassid%3D366
https://www.nvfarmacologie.nl/education/
https://eacpt.org/working%2Dgroups/education/education%2Dsub%2Dcommittee/
https://eacpt.org/working%2Dgroups/education/education%2Dsub%2Dcommittee/
https://pharmacol.or.jp/educator
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Table 4
Guidance from societies and health related bodies for curriculum development
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Body/Society Type of Guidance

References

Curriculum BPS Undergraduate Core Curriculum for pharmacology Wallace et al, 2021%°
students BPS, 2025'%°
Clinical Pharmacology and Therapeutics curriculum for Ross and Maxwell, 2012'°!
medical students (2012)
Curriculum for the user of research animals Bailey and Edmead, 2023'°*
BPS, 2025'*
Clinical Pharmacology and Therapeutics curriculum for Lonsdale et al, 2026'%
medical students (2026)
ASPET Pharmacology knowledge objectives Theobald and Blumer, 2023'%°
ASPET, 2024!%°
EACPT European Core Curriculum in Clinical Pharmacology and Brinkman et al, 2018'%7
Therapeutics for medical students EACPT Education Working Group, 2025'%%
Content guides WHO Model list of essential medicines World Health Organization, 2023'%°
IUPHAR Core concepts of pharmacology Core Concepts in Pharmacology, 2024''°
Guilding et al, 2024°°
White et al, 2023%°
EACPT Key medicines list for Clinical Pharmacology and Donker et al, 2024'""
Therapeutics
Competency frameworks BPS Core Skills Statements BPS, 202312
Royal Pharmaceutical Society ~ Prescribing Competency Framework RPS, 2021'"3
NuPhaC Competency framework for nurses on pharmaceutical care  Dijkstra et al, 2021''4

NPS MedicineWise

Prescribing competencies framework

MedicineWise, 2021°7

NPS, National Prescribing Service; NuPhaC, Nurse and Pharmaceutical Care; WHO, World Health Organization.

in designing the curriculum but guidance on required compe-
tencies and learning outcomes is often available from learned so-
cieties such as the European Association for Clinical Pharmacology
and Therapeutics (EACPT), BPS, the American Society for Phar-
macology and Experimental Therapeutics (ASPET), and Austral-
asian Society of Clinical and Experimental Pharmacologists and
Toxicologists (see Table 4).5%959799-114 | ejther case, learning
outcomes are chosen based on experience and expertise of the
education providers, competencies required for practicing a spe-
cific profession that students can transition into, transversal
competencies such as problem solving and communication skills,
and the rules and regulations of relevant organizations and au-
thorities. A clear description of roles and responsibilities that
graduates take up in the labor market is often a starting point!4!1%
and where this is not provided by professional bodies, this infor-
mation is often gathered during the curriculum review process
through interviews with potential employers.

Several societies provide further guidelines on the structure and
content of pharmacology curricula (Table 4) as well as the compe-
tencies that graduates need. Although the curricular documents
and content guides tend to focus specifically on pharmacology, the
competency frameworks are usually more multidisciplinary but are
valuable resources for pharmacology curriculum development.
Most of these documents have been produced with input from
educators in multiple countries. For example, Nurse and Pharma-
ceutical Care (NuPhaC) included experts from 14 countries when
they developed a competencies framework that links specific tasks
and responsibilities for nurses in pharmaceutical care to learning
outcomes, including learning outcomes on pharmacology.''* In
addition, many have used systematic approaches to reach
consensus. For example, the Delphi process has been used to reach
expert consensus by the BPS in the United Kingdom to create a
pharmacology curriculum framework,’® EACPT to develop a list of
learning outcomes for clinical pharmacology'®’ and IUPHAR to
develop the core concepts of pharmacology (CCP).5%2>116

2. Evaluating and refining the curriculum: Strategies for
continuous improvement

Once designed, curricula need to be implemented and contin-
uously evaluated and refined. This can be done at both a local or
national level and pharmacology educators have a role to play in

1

each. Feedback from students, staff, practitioners, external exam-
iners, accrediting bodies, and employability liaison stakeholders
ensures that programs continuously adapt the curriculum to
evolving demands of employers and professional bodies. Through
these efforts, pharmacology educators help ensure that future
healthcare professionals and scientists are well equipped for the
workforce.

At a local level, curriculum can be monitored, in the short term,
through course evaluations and monitoring of assessment out-
comes. Over the longer term, the extent to which learning out-
comes are effectively integrated in curricula can be determined by
questioning graduates after a few years of work experience about
the educational program or assessing competencies in students
and professionals. A summary of evaluation methods that have
been used to evaluate pharmacology curricula for various pur-
poses is captured in Table 5.""7~12° Such methods can help to refine
and update learning outcomes.5%!21:122

For national, accrediting body or university level reviews, wider
stakeholder involvement is recruited to interpret the data
collected and develop new curricula. With the review of curricu-
lum, educators must also assess whether the curriculum meets
industry and workplace trends to prepare students for real-world
pharmacological challenges, such as polypharmacy and emerging
drug therapies. The role of pharmacology educators is instru-
mental to ensure that core pharmacology concepts are effectively
maintained within medical, healthcare and life science programs,
striking a balance between theory, practical, and clinical applica-
tion. When the discipline of pharmacology is not represented
strongly enough in curricula discussions, pharmacology learning
goals can be underrepresented in the curricula leading to negative
consequences in future years.

At a national level, pharmacology educators play an important
role in advocating for pharmacology and its values in evolving
curricula. Without strong advocacy for pharmacology, professional
accreditation and regulation changes can, and have, drastically
shaped pharmacology education in healthcare programs. In the
United Kingdom, the GMCs “Tomorrows Doctors” (2002) shaped
medical education for decades, outlining the essential outcomes
and competencies expected of medical graduates. Although the
original version of “Tomorrow’s Doctors” was published in 1993, it
was the 2002 edition that had a particularly significant impact on
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Table 5
Examples of evaluation strategies relevant to the review of pharmacology curricula
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Program Purpose

Evaluation Data Gathered

Reference(s)

4-year BS Pharmacy Curriculum review and redevelopment

Survey of graduating student
Survey of academic staff

Doria, 2017'"7

Survey of administrators (leadership)
Survey of alumni
Survey of graduate employers

Analysis of course reports

Aljuffali et al, 20248

Student evaluations
Analysis of examination center reports

Program
PharmD Course review
BPharm Exploration of the curriculum for
opportunities for enhancement
Medicine Comparing a new curriculum to the old one

Content analysis of course documents using Leximancer

Student performance on matched questions in local examinations

Noble et al, 2011'"°

Click et al, 2025'%°

Student performance in national examinations

the role of pharmacology in medical education. In this update, the
document laid out a broad framework for medical education but
gave limited attention to pharmacology and the teaching of drug-
related topics. It largely emphasized other clinical areas, such as
communication skills, ethics, and basic science, whereas phar-
macology was not given the prominence it needed. Possibly as a
result of this downplay, medical schools began to reduce the
amount of pharmacology content within their curricula, and fewer
students were being trained in pharmacology as a specific disci-
pline. This shift led to concerns among educators and professionals
that medical graduates were not being sufficiently prepared to
manage the complexities of pharmacological treatment in clinical
practice.*’ The importance of having the voice of pharmacology
educators represented in decisions around curricula at a national
level was highlighted by a past president of the BPS when he noted
that “related to Tomorrow’s Doctors [5], there was a reorganization
of many medical schools, with loss of the undergraduate scientific
disciplines, including pharmacology. Although many universities
still have pharmacologists on their staff, many do not have an
overarching physical or virtual organization that encompasses
pharmacology and therapeutics. For clinical pharmacology to
thrive, strong links with pharmacologists are essential.”!?>

So how can pharmacology educators advocate for pharma-
cology education? Often this advocacy happens via learned soci-
eties, such as the BPS, ASPET, Australasian Society of Clinical and
Experimental Pharmacologists and Toxicologists, and EACPT.
These societies are often consulted regarding national imperatives
and members are given opportunities to contribute. For example,
the BPS has submitted statements to the UK parliament regarding
the use of animals in pharmacology teaching.'>* ASPET provides
many opportunities and resources for people who are interested in
advocating for pharmacology, such as and advocacy action center
with ideas (and links) on how people can advocate for pharma-
cology, and Capitol Hill days for all members to advocate for
pharmacology in person.'?®> Advocating for pharmacology is also
embedded in their strategic plan.'?®

C. Impact of evolving curricula on pharmacology education

1. Evolving pharmacology knowledge means that pharmacology
curricula need to evolve

Advances in drug development have resulted in an increasing
number of new drugs entering the global marketplace, with over
30 new drug approvals annually in the United States.'”’ In addi-
tion, an explosion in molecular and cellular biology approaches to
drug discovery and development, sophisticated target-based drug
design and approaches such as phenotypic screening has led to a
large number of medicines with novel structure and function.'®
For example, mRNA vaccines proved essential tools in the rapid

response to COVID-19'?° but add to curricular load, as do novel
small drug molecule mechanisms such as allosteric modulators
and biased agonism."*° In addition, the field of pharmacology has
expanded from a field focused on individual receptors and path-
ways, to include pharmacogenomics, computational pharma-
cology, systems pharmacology, and immunopharmacology, to
name a few.

The inclusion (or not) of this new knowledge into curricula
needs to be done in ways that ensure our graduates are equipped
to work on the cutting edge of science and medicine. Such
evolving curricula will require educators to engage with novel
mechanisms of action and drug technologies. Traditional teach-
ing methods may not be suitable. For example, biologics are well
established therapeutic modalities and are effective in the
treatment of many conditions; however, a recent review of the
knowledge areas and competency standards required for phar-
macists and pharmacy students concluded that “the current di-
dactic material on biologic medicines in pharmacy degrees is not
commensurate with their structural, functional, manufacturing,
and clinical complexities compared to small molecule drugs”.”*!
In addition, a recent evaluation of students’ understandings of
pharmacodynamic concepts noted that many students assume
that a drug target is referring specifically to a protein or even a
receptor.®® Considering the success of nonprotein drug targets as
therapeutics (eg, antisense oligonucleotides and small interfering
RNA), such misconceptions could impact students’ future
learning about important drugs. Curricula need to evolve to
ensure that learning outcomes reflect modern ways of thinking
about and applying pharmacology while maintaining relevance
for practice. Care needs to be taken to ensure that new content is
relevant for the cohort in question to avoid curricular bloat and
cognitive overload of students. Although this may seem to be a
challenge, it also provides an opportunity for educators to
reimagine how they teach pharmacology.

2. Evolving roles of health professionals need evolving
pharmacology curricula

Over the last decade, healthcare professionals’ roles in phar-
macotherapy have undergone a major evolution. In particular,
nonmedical prescribing, where drugs are prescribed by health
professionals other than doctors or dentists, is increasing, with
nurses and pharmacists now prescribing in many countries.'>?~ 134
In 2020, a scoping review encompassing several sources of infor-
mation identified that 54% of 216 countries reviewed had
nonmedical prescribing policies.*> Nonmedical prescribing stu-
dents have stressed the importance of pharmacology knowledge
in achieving prescribing confidence.®® During their education,
healthcare professionals need to be trained to master the com-
petencies they need in the labor market. Therefore, evolving and
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newly emerging roles require adaptations in the curriculum, and
because of regional variations, any adaptations must be context
specific. In the United Kingdom, new pharmacist training stan-
dards are currently being introduced to incorporate the skills,
knowledge, and attributes for prescribing so pharmacists can
independently prescribe from the point of registration putting
them on a similar footing to medical graduates.">” The develop-
ment and delivery of education and training to enable pharmacist
prescribing are due to commence in 2025 in Ireland, with an aim to
roll out independent pharmacist prescribing by 2027.1*¢ Although
education for nonmedical prescribing of pharmacists and nurses
now seems to be embedded in curricula in many countries, this
education still seems to require additional courses for physio-
therapists, podiatrists/chiropodists, paramedics, optometrists, and
radiographers. Further, although legislations and timelines have
been set out for some countries, guidance on training these pro-
fessionals in prescribing is difficult to find. This may indicate an
opportunity for pharmacology educators to develop international
overviews as a first step to prevent educators needing to start from
scratch to develop curricula and courses.

Advances in pharmacogenomics and drug development have
also broadened the knowledge base required by healthcare pro-
fessionals. For example, in 2024 a study showed that 29% of 266 US
advanced practice nurses had ordered a pharmacogenomic test
within the past year. Healthcare providers are indicated to have
low familiarity and a lack of knowledge in pharmacogenomic
testing slowing down implementation in clinical practice.!3%!40
There have been calls for more education on the topic.'*! Guid-
ance on the inclusion of this topic in curricula is beginning to
emerge, with the bodies from multiple countries and disciplines
including pharmacogenomics in curricula and competency
frameworks focused on genomic medicine.'*>"*> Because this
field is currently evolving within medical practice, it may be
somewhat of a moving target, however interim learning outcomes
should be defined, considering expectations regarding the roles of
various health professionals in different contexts. These learning
outcomes could inform the construction of course contents, the
selection of teaching methods, and the creation and validation of
assessments.

3. Evolving laboratory practicals

In many countries, there has been a push to a more sustainable
approach to laboratory practicals, including decreasing the
number of animals used in teaching'*® and adapting laboratories
to be more environmentally friendly.'*”'*8 This is largely due to
development of a set of principles for the ethical use of animals
called the 3Rs—replacement, reduction, and refinement. In many
countries, implementation of these principles is included in
legislation and is closely regulated.'*° As a result, many practicals
have been replaced with in vitro models and simulations.’”® An
important principle here is to ensure that the learning outcomes
required by a given cohort guide the choices of whether to use a
particular approach (eg, use of animal experiments). In vivo skills
are still important for some pharmacology graduates to develop
and there are certain concepts that are better taught with a whole
organism.””'>> A proposed compromise is to use animals not
covered under legislation,'”® such as Lumbriculus variaga-
tus,'>*15> Zebrafish (Danio rerio),'”® cockroaches,” and the Fruit
fly (Drosophila melanogaster).!>® Although the most common
animals used in pharmaceutical industry are mammals, using
invertebrates as an alternative allows students to observe the
effects of drugs in a whole organism and learn how to work with
animals while applying the principals of ethical use of animals
(3Rs).
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4. Evolving curricula for bachelor of science programs

Although most BSc programs have no pharmacology-specific
accreditation requirements, these programs need to prepare stu-
dents for an evolving workforce. One exception to this is bio-
sciences programs in the United Kingdom, which have been
required to include pharmacology as a core subject and subject
specialty since the release of the 2014 QAA Biomedical Sciences
Benchmark Statement on Biomedical Science degrees. These
benchmarks underpin accreditation of bioscience degrees by the
Royal Society of Biology'>® and BSc Biomedical Science degrees
accreditation by the Institute of Pharmacy and Biomedical Sci-
ence.'®® Although this inclusion is a welcome development in
acknowledging the importance of pharmacology as a discipline,
BSc curricula in the United Kingdom have had to evolve to meet
these new benchmarks.””

5. Embedding sustainability in pharmacology for all programs

In addition to the need to employ more sustainable models and
practices within the laboratory practicals, there is also a push to
ensure that sustainable practices are embedded into degree pro-
grams with discipline-specific consideration. For example, in
pharmacy, there have been longstanding efforts by International
Pharmaceutical Federation to introduce students to green phar-
macy practice.'®"'%? In the context of pharmaceutical sciences,
green chemistry encourages critical thinking about the environ-
mental and social impacts of drug development and healthcare.
Incorporating this into curriculum provides students with oppor-
tunities to evaluate the full life cycle of pharmaceuticals; from raw
material sourcing and synthesis to drug disposal and environ-
mental persistence. Embedding green chemistry into teaching
helps future professionals design safer, less toxic drugs and adopt
cleaner, more resource-efficient manufacturing processes. It also
promotes ethical decision-making, encouraging the development
of health solutions that are both effective and environmentally
responsible.

D. Content selection: Balancing core knowledge and emerging
topics

The ever-evolving accreditation requirements, employer de-
mands, and pharmacology knowledge explosion makes it difficult
to select the most appropriate content. Fortunately, there are some
evidence-based resources that help us narrow the content down
(Table 6).100.106.107110,112,163-166 Rangachari, a doyen of pharma-
cology education, provides sage advice for educators here, with the
concept of the nonembarrassing curriculum. This idea involves
consolidating the nonnegotiable learning to “a list of items/con-
cepts that would be so basic and general that a lack of appreciation
or awareness would be an embarrassment to the program”.'®’
Luckily for new educators, international consensus on the core
concepts is emerging.

1. The core concepts of pharmacology

In a pilot study, a group of educators from Australia and New
Zealand identified 19 core concepts using a Delphi method.'®®
Subsequently, an international CCP group was established under
the banner of the IUPHAR-Ed. The IUPHAR-Ed CCP built on the
Australasian work to identify 25 CCP, 15 of which were present in
the Australasian study.®® The IUPHAR-Ed CCP, then refined to 24,
defined, and unpacked the core concepts.”® These studies used a
combination of multiple rounds of Delphi method using pharma-
cology experts and the use of text mining of common pharma-
cology texts.?168 Recently, over 700 students from 11 countries
have completed free-text quizzes requiring the definition and
application of the core concepts; analyses of the responses
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Table 6
Pharmacology related skills in health professions and science programs
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Program Skill Type Subtype

Example of Skills

References

Health professions Evidence based practice Critical reading
Information literacy

Scientific literacy
Critical thinking
Communication skills Technical writing

Patient centered writing
Patient education

Technical skills Practical skills
Quantitative skills
Scientific programs

Evidence based practice Information literacy

Critical thinking

Scientific literacy
Communication skills Scientific writing
Presentation skills

Technical writing
Technical skills Experimental design skills
Laboratory skills

Quantitative skills

IT skills

Attributes Interpersonal skills

Safe use of national formularies (both online and
hardcopy), safe use of clinical guidelines
Identify and use information from appropriate and reliable

Banning, 2003'%*
Baldwin et al, 2012'%*
Brinkman et al, 2018'%”

sources

Care and discharge plans

Medication teaching plan, patient education on the use and
side effects of drugs

Medication reconciliation, recording patient medication

Reading medical and scientific articles

Treatment selection, clinical (therapeutic) reasoning,
rational prescribing

Reporting adverse effects, prescription writing

Brinkman et al, 2018'%”
Richir et al, 2008'6°
Baldwin et al, 20124
Brinkman et al, 2018'%7
Banning, 2003'%*
Baldwin et al, 2012110164
Banning, 200363

Brinkman et al, 2018'%7

history

Dosing calculations/adjustments

Banning, 200363

Brinkman et al, 2018'%7
Identify and use information from appropriate and reliable BPS, 2023''?
sources
Critically evaluate information from various sources BPS, 2023'1?
Reading Fajt, 2008'%°
Integrate information from a range of sources, accurately ~ BPS, 2023''?

record, and reference source material

Communicate findings effectively

appropriate statistical tests correctly, and use common

Fajt, 2008'°

BPS, 2023'"?

Organize and accurately record information BPS, 202312
Hypothesis formulation, experimental planning and BPS, 20236
design, methodology selection Fajt, 200866
Precision and accuracy, good laboratory practice, in vitro ~ BPS, 2023''2
techniques, in vivo techniques Fajt, 2008'°
Collect, process, and present data, apply and interpret BPS, 20232

Fajt, 200816

statistical software

Ability to access and manage computers and digital

Fajt, 2008'°

information

Teamwork, working independently

BPS, 2025'%°

identified a large number of misconceptions held by students
about these concepts.”*% These core concepts provide insight into
what students should be able to do in a nonembarrassing curric-
ulum, leaving time for deep dives into critical concepts and novel
mechanisms alike. Rote learning of intracellular mechanisms of
actions for many drugs, long lists of adverse effects, and indeed
essential drug lists that run into the many hundreds, are all tasks
that invite surface learning approaches that do not last longer than
the examination period. A focus on the CCP, as exemplified by the
most important drugs as representatives of their class, is likely to
leave the learner better prepared for their professional context
than the “cover everything” curriculum.

2. Skills in the curriculum

The depth and breadth of pharmacology is so vast, and it con-
tinues to grow. We cannot include all existing pharmacology and
most certainly cannot predict what students will need to know in
the future. What we can do is give students the tools and knowl-
edge they need to be able to access, evaluate and apply the in-
formation when they need it. Although some of the skills needed
by graduates are multidisciplinary, there are some that have a clear
relation to pharmacology. Although the core concepts cover the
knowledge students need to succeed, we also need to think about
the core pharmacology related skills needed by graduates to suc-
ceed in their careers.

Despite some minor overlap between the pharmacology
related skills required in curricula designed for health pro-
fessionals compared with science programs, there seem to be
some obvious differences. Pharmacology-related skills taught in
programs focused on health professions education (Table 6)

largely align with prescribing skills but could be broken down into
evidence-based practice skills (such as critical reading and infor-
mation literacy), communication skills (such as technical writing,
patient centered writing, performing a therapeutic consultation,
and patient centered education) and technical or practical skills
(such as quantitative skills or medication reconciliation). Phar-
macology skills needed for science programs can also be grouped
into evidence-based practice skills, technical skills, and commu-
nications skills. Although the evidence-based practice skills
required may seem much the same, the difference here is that the
types of resources used may be different. Technical skills for sci-
ence students focus mainly on experimental design skills, labo-
ratory skills and quantitative skills relating to research activities.
The communication skills highlighted in the literature for science
students tend to focus on academic/research activities, however
with advancements in patient-public inclusion and engagement in
research, students may also need to develop more patient-facing
communication skills in pharmacology.!®%170

In professional programs in some countries there is currently a
lack of education on skills relevant for prescribing.®*!”! In most
medical curricula, these skills are mainly taught by clinical phar-
macologists during an integrative module in the clinical years of
the medical curriculum. However, there is little exposure of skills
training with simulated or real patients in clinical practice. It is
perhaps not surprising that a large proportion of medical students
have never written out a prescription (under supervision) for a
patient during their medical training.!”> This is concerning
because students must perform these skills from the first day after
graduation. In contrast, recognition of these issues in the United
Kingdom led to the establishment of a Safe Prescribing Working
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Group (2007) under the auspices of the GMC and medical schools,
which identified the need for an agreed set of learning outcomes
and skills related to prescribing!”> and a Prescribing Safety
Assessment to ensure that graduates meet them.”#!”> This has
promoted a much higher focus on the importance of these aspects
within undergraduate medical curricula.

Many of the skills required by medical and science graduates
have not changed; however, the way they are taught has. In the
past many of the skills required for applying pharmacology in a
real-life context were learnt “on the job” (eg, prescription writing).
However, this does not necessarily improve their knowledge and
skills'’® and in a real-life context, mistakes could lead to real
consequences. Innovative teaching methods, such as case-based
teaching, team-based learning (TBL), simulation-based learning,
and interprofessional education'?”!”” (see section How We Teach
for more detail), mean that these skills can initially be practiced
in low stakes environments while students are learning. Although
a shift toward skills training within the degree is essential, the
resource-intensive nature of such teaching poses challenges for
departments with a small number of pharmacology educators.

Skills training often poses a challenge for educators, who may
not have experience of the applied skills. Although most phar-
macology educators should have experience with more generic
skills such as information literacy, critical reading, etc, there may
be a steep learning curve when pharmacology educators need to
train students in skills they have never used professionally, for
example, a clinically trained pharmacology educator training
students in laboratory skills. Also, recent trends toward integrated
curricula and authentic assessment mean that skills are often
embedded within a real-world context. Consequently, a laboratory
pharmacologist who has never written a prescription in a pro-
fessional capacity, may need to contribute to or mark assessment
tasks or teaching activities involving prescriptions or prescription
writing. One shortcoming of the studies on skills training needed
within the curriculum or skills that pharmacology graduates
should have, is that they are focused on a local level. With more
and more globalization, it is important for qualifications to be
acceptable internationally and so international consensus on
which pharmacology-related skills are important would be of
benefit.

IV. How we teach

A. Research-informed education—constructivism and active
learning

Pharmacology has been taught in myriad ways, most
commonly through didactic (lecturer-centered) lectures but
increasingly through a range of more student-centered ap-
proaches. Over the past 100 years, an enormous body of research
has shed light on the ways that students learn, and consequently
the approaches to teaching and assessment that are most effective.
These insights are worth exploring briefly for any new educator
before considering approaches specific to their pharmacology
context. Cognitive psychologist Vygotsky'’® demonstrated that
children learn new concepts through self-discovery, and that past
and current experiences and social environments shape learning
more than novice educators might expect. Our best understanding
of effective pedagogy posits “an approach to teaching and learning
based on the premise that cognition (learning) is the result of
‘mental construction.’ In other words, students learn by fitting new
information together with what they already know.”'’® In bio-
logical sciences such as pharmacology and physiology, students
must use complex concepts to solve multifaceted clinical and
scientific problems. Research suggests that when getting students
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to “build, test and refine” their conceptual models in a new area,
the paradigm of transferring knowledge from expert to student,
using lectures, is far inferior to an active learning approach in
which students work together to find solutions.'®>'®! Physics ed-
ucators discovered empirically that graduates of highly regarded
universities could not solve problems requiring understanding of
physics concepts, and indeed displayed misconceptions similar to
young children, after didactic instruction.'®? The findings of Arons
and Holbrow,'®3(P- 305) jllustrated in this quote, support this idea:

I point to the following unwelcome truth: much as we might
dislike the implications, research is showing that didactic
exposition of abstract ideas and lines of reasoning (however
engaging and lucid we might try to make them) to passive
listeners yields pathetically thin results in learning and un-
derstanding — except in the very small percentage of students
who are specially gifted in the field.

These findings led to a transformation of teaching in that
discipline'®*; leaders such as Carl Wieman'®>'8% developed active
learning approaches, in which lectures were transformed into
classes built around tasks that required students to use the most
important concepts to solve problems and predict outcomes.'®3
Mazur and colleagues, recognizing the power of peer instruction
and teamwork, developed active learning approaches that centered
around students working with each other.'®” Despite progress in
active learning strategies, recent evidence suggests that some ed-
ucators in physics still rely heavily on didactic (teacher centered,
lecture based) approaches as part of their teaching.'®®

Biology educators followed suit, developing a “Vision and
Change” approach, identifying core concepts and building re-
sources and curricula to support educators and students.'8%19 As
the use of active learning in higher education increased, so did the
evaluation of these approaches. In a meta-analysis of 225 studies
comparing student performance in undergraduate science, tech-
nology, engineering and medicine (STEM) courses under tradi-
tional lecturing versus active learning, Freeman et al'®! reported
that active learning improved examination performance by an
average of 0.47 SDs (n = 158 studies) and reduced failure rates,
with students in lecture-based classes being 1.5 times more likely
to fail (odds ratio, 1.95).

So, what of pharmacology? Content delivery within pharma-
cology education has in the past relied on traditional teaching
methods. Recently, there has been a profound shift toward
student-centered teaching approaches, but approximately 39% of
European medical schools exclusively use traditional teaching
methods.®* This emphasis on traditional methods in pharma-
cology education has also been observed in the United States.”!
Many concepts and pharmacology related competencies (eg,
rational prescribing) are complex and demand advanced cognitive
abilities,'”> and simple knowledge retention by attending lectures
may not adequately prepare students for their future careers.
Indeed, several studies showed that students educated primarily
through traditional curricula demonstrated significantly lower
prescribing competencies compared with those taught using a PBL
approach.”’2193194 More elaborate active learning approaches
combine multiple instructional approaches in a coordinated and
sequential manner. For example, asking students to build a
concept map of blood pressure regulation centered around arterial
pressure, cardiac output and total peripheral resistance, and then
using those maps to solve a series of clinical problems regarding
hypertension pharmacology, is more effective than simply
explaining those concepts.'">

While transitioning to more student-centered teaching is
essential, the resource-intensive nature of active learning
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approaches may pose a challenge for some medical schools with a
limited number of pharmacology educators. Ensuring buy-in from
busy educators can be challenging but can be achieved with a
programmatic approach'”® and new educators may also feel
overwhelmed by the need to innovate across all their teaching.
Indeed, workload concerns are a limiting factor in implementing
new approaches.'”” Innovation takes time and effort, for example,
one study reported an estimate of a 33% increase in workload
when shifting to a new teaching approach across an entire fac-
ulty.'” Approaches to mitigate this challenge include staging the
innovation over multiple teaching periods, allowing for evaluation
and reflection cycles'”® and the use of peers and communities of
practice'® to provide support, expertise and encouragement.
Although near-peer education has also been shown to be benefi-
cial and can help reduce the workload of the typically small group
of educators, very few medical schools actively involve pharma-
cists, junior doctors and medical or pharmacy students in teaching
and education.®*

Over the past 20 years, active learning approaches have been
widely (although not universally) adopted in the pharmacology
context.>°0729 1n practice, active learning can take a wide variety
of forms (Table 7)!9%200-203205-210 3n( considering its student-
centered focus, there is a considerable overlap with types of
assessment that provide student feedback (assessment for
learning; see section Assessment) and those that get students
involved in assessment (assessment as learning; see section
Assessment). Many modern approaches to teaching pharmacology
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are based on constructivist principles, including case-based
learning, TBL, PBL, flipped classroom, inquiry-based labs, simula-
tion, and role play.’®?!" As noted by Rangachari,?'? “All the active
learning strategies that are discussed in the burgeoning educa-
tional literature are really variations.” A recent meta-analysis
looked at outcomes of such teaching strategies across 150
studies involving 21,000 pharmacology students.’'> The findings
suggest that a range of approaches is required to achieve enhanced
student performance and experience. PBL combined with case-
based learning was most likely to improve students’ theoretical
and subjective test scores, TBL was most likely to improve the
experimental test scores and the satisfaction score, whereas flip-
ped classroom was most likely to improve the proportion of
satisfied students. The following sections examine some of the
more commonly used student-centered approaches in more detail.

1. Team-based learning

TBL is a collaborative education approach that emphasizes
student engagement, accountability, and the application of
knowledge. It aims to transform passive learning environments
into active, student-centered ones by leveraging small-group
work.?"¥ TBL has become widely used in disciplines where
problem-solving and practical applications are essential, such as
medicine, pharmacy, and other health sciences, and is recognized
as an effective teaching method in pharmacology education.?®

There are typically 3 stages to TBL>'®> Firstly, students are
responsible for completing prework such as reviewing reading

Table 7
Selected examples of student-centered approaches to pharmacology teaching
Cohort Innovation Outcomes Author
Medicine Case-based therapeutic problem/incorrect Student perceptions of understanding, arousal of Tripathi et al, 2015%°!
prescription/drug identification problems. intellectual curiosity and benefit of peer learning
higher in active learning group. Examination scores
higher in control group.
Pharmacology concepts were incorporated into large Mean performance on assessment items covered in TBL Gorman, 2017%%°
classroom team-based active learning sessions was above the mean for topics taught traditionally.
TBLs) in cardiopulmonary and neurological systems
second year modules.
Students used the online platform PeerWise to peer = Medical students who used PeerWise reported Guilding et al, 202127
create, answer, and discuss multiple-choice learning benefits and showed improved
questions related to clinical pharmacology and examination performance. Specifically, answering
clinical science course material. peer-authored questions was significantly
associated with higher examination scores, even
after controlling for previous academic ability.
Pharmacy Students developed concept maps then use maps to  Students who both prepared for and attended classes White et al, 2017'%°

solve a series of clinical problems.

Sessions in which students applied course concepts to
cases, problems, and situations.

Kahoot web-based interactive games, crossword
puzzles, an instructional video, a music video, and
fill-in-the-blank tables.

Pharmacy/biomedical
science

Collaborative, active learning using peer instructions.

Biomedical students Using medical television dramas as case studies for

teaching clinical pharmacology.
Nursing Interactive learning materials that integrated digital
technology and the active learning mechanism
using interactive teaching material production
software.
Meta-analysis of 37 studies of the use of PBL in
pharmacology courses.

Multiple cohorts

Students’ average course grade increased 2.5%. Average

Students perceived Kahoot web-based interactive

The percentage of students achieving 50% or more of

The authors identified that this approach encouraged

Active learning group’s quiz scores improved

The use of PBL was associated with a significant

performed significantly better on examination

questions that required analysis of novel scenarios

compared with students who did not prepare and

missed classes.

Kennedy, 2019%%3

ratings of the course and instructor on student

evaluations each increased significantly.

Sumanasekera et al, 2020>%°
gaming as most valuable fill-in-the-blank activities

and videos were more effective as measured by

examination performance.

Carstensen et al, 20202%%
maximum points per examination question was

significantly increased in questions relating to peer

instructions lectures.

Banos et al, 2019%%%
student discussion of complex aspects of clinical Banos et al, 2024°%°
drug use and promoted interest in pharmacology.

Yiin and Chern, 20232%°
significantly more than those of the control group.

Liu et al, 2019%'°
improvement of examination scores.
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materials, videos, or lecture notes. This ensures they come to class
with a foundational understanding of the topic. After this, students
undertake a “Readiness Assurance Process,” which assesses un-
derstanding, often through an individual readiness test. Each
student takes this quiz to assess their knowledge and identify any
initial misunderstandings. Then students work as a team to
answer the same set of questions in a team readiness test. This
teamwork builds understanding as students discuss different
perspectives, defend or refine their initial answers, and arrive at a
consensus. Instructors then provide feedback, clarifying chal-
lenging concepts or addressing any common misunderstandings
identified during the test. This guidance ensures that all students
have a solid grasp of foundational knowledge before progressing to
the next phase. The third stage of TBL is the application exercises.
Here, students collaborate on complex, real-world problems that
require them to apply their foundational knowledge. Teams
engage in analyzing, debating, and justifying their responses to
questions, often crafted with several plausible answers to stimu-
late critical thinking. Each team then presents its solution to the
class, defending their choice and learning from the reasoning and
mistakes of others.

TBL has been used extensively for pharmacology education,
including in medicine,”°>?'6=2?1  pharmacy,”**> dentistry,”**
nursing,>?*#?%> physician assistant,’’® and BSc Pharmacology.??’
The evidence from these studies indicates positive impacts on
student performance by promoting deeper engagement, better
retention, and higher levels of understanding compared with
traditional lecture-based learning. Zgheib et al>' found that med-
ical students taught pharmacology through TBL demonstrated
greater knowledge retention, particularly on challenging topics,
compared with their peers in traditional lectures and that sum-
mative pharmacology results were significantly improved during
the year TBL was implemented. Kim et al*'” noted that preclinical
pharmacology students scored higher on examinations and
demonstrated more consistent knowledge application when TBL
was used in their coursework. For pharmacy students, TBL has been
used for complex topics such as drug metabolism and pharmaco-
genomics, where team discussions deepen understanding.*®

TBL can foster critical thinking and clinical reasoning by engaging
students in real-life clinical case exercises that connect theoretical
pharmacology concepts with practical applications, reinforcing their
understanding of drug actions, interactions, and side effects in a
clinical context. Carrasco et al*'® found that TBL improved decision-
making skills in pharmacology, especially for students who initially
struggled. By working together on these cases, students developed
teamwork, communication, and problem-solving abilities, skills
essential for clinical practice. El-Banna et al*>* observed that nursing
students in TBL-based courses improved these skills more effectively
than those in traditional lecture-based courses. TBL's emphasis on
collaboration makes it especially suited for interprofessional edu-
cation. Indeed, it has been successfully applied in pharmacology
education activities, which bring together students from various
healthcare disciplines.?!"?2%230

2. Problem-based learning

PBL is well established as a transformative and innovative
pedagogical approach that, most importantly, is student-centered.
It harnesses real-world problems as a scaffold for knowledge
acquisition and application.>>! It also promotes active learning by
encouraging students in small groups to collaborate, analyze and
resolve complex, intricate, open-ended problems. PBL is deeply
rooted in constructivist theory, which emphasizes self-directed
inquiry, values collaborative discussion, and prioritizes critical
thinking as essential tools that learners can use to “construct”
knowledge.”*! The methodology is predicated on 3 fundamental
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principles. Firstly, it employs authentic, real-world problems as
learning catalysts. Secondly, it promotes small-group collaboration
to nurture peer-to-peer interaction. Lastly, it integrates facilitators
who guide rather than dictate the learning process.>?> This
approach stands in stark contrast to traditional didactic lectures. In
PBL, students are not mere vessels to be filled with knowledge.
Instead, they are the architects of their own understanding. They
identify learning objectives with autonomy, conduct research with
diligence, and synthesize information to develop solutions with
ingenuity.*?

Pharmacology is inherently interdisciplinary. This mandates
that students have a good command of the pertinent material and
be able to connect drug mechanisms with physiological processes,
disease states, and therapeutic outcomes. Traditional lecture-
based teaching often compartmentalizes this knowledge, making
it difficult for students to see the bigger picture. PBL, however,
encourages students to explore pharmacological concepts in the
context of real-world problems, enabling them to make mean-
ingful connections between theory and practice. Pharmacology
classrooms especially benefit from PBL because of the complex
nature of course content, which requires integration of patho-
physiology, drug mechanism, and therapeutic treatment choices.
For instance, in a PBL scenario, students might be presented with a
case study of a patient with hypertension who is not responding
adequately to their current medication. Through guided inquiry,
students would explore the underlying pathophysiology of hy-
pertension, the mechanisms of action of various antihypertensive
drugs, and factors that might contribute to treatment resistance,
such as drug interactions or patient nonadherence. This approach
not only reinforces pharmacological knowledge but also helps
students understand how this knowledge is applied in clinical
practice. In marked contrast to traditional approaches, PBL en-
courages students to take ownership of their learning by working
through realistic, case-based scenarios; this not only enhances
motivation, but it also advances comprehension.”>>~>3 Indeed,
this active engagement has been shown to improve long-term
retention of pharmacological concepts.>*® For instance, it is
documented that medical students exposed to PBL exhibited su-
perior recall of pharmacological principles 6 months after in-
struction, suggesting that active engagement with material
enhances memory consolidation.?>” “One important component of
PBL-based curricula is the triple jump assessment. This is a
formative and summative assessment approach that offers a dy-
namic approach to evaluating reasoning skills, particularly
clinically-related ones.”**%239

Healthcare is a collaborative endeavor. It requires effective
communication and teamwork among professionals. In this
context, one of the most significant added values of PBL is its ca-
pacity to nurture and promote collaboration skills among stu-
dents. PBL fosters these competencies by requiring students to
work in small problem-solving groups.?>' For example, in a typical
PBL session, learners cooperatively analyze cases, share insights,
and devise solutions. Through group discussions, they hone their
articulation skills, listen attentively to peers, and respectfully
negotiate differing perspectives.”>? Importantly, this collaborative
environment mirrors clinical practice, whose milieu is one that
involves perhaps the most interdisciplinary and collaborative
teamwork, largely because effective communication and cooper-
ation are essential for patient care.’ Indeed, students partici-
pating in PBL report higher levels of satisfaction with their group
interactions.’*! They also perceive themselves as better prepared
for future professional collaborations.?! These experiences clearly
demonstrate the importance of PBL activities as important ave-
nues to better prepare future healthcare professionals for optimal
patient outcomes.?4? 244
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a. Challenges and considerations in implementing problem-based
learning. Despite its numerous advantages, implementing PBL in
pharmacology education is not without many challenges. These
include resource constraints such as limited faculty time, insuffi-
cient training, and the effort required to develop high-quality,
clinically relevant cases.’*®> This can be particularly difficult in
settings where many faculty members are basic scientists with
little or no clinical experience. One potential strategy to address
these limitations is near-peer teaching, where senior students
facilitate small-group case-based or problem-based sessions.
Systematic reviews show that, with appropriate training and
oversight, near-peer facilitation achieves learning outcomes
comparable to faculty-led teaching and offers additional benefits
such as improved self-efficacy for both junior and senior stu-
dents.?® In medical education specifically, meta-analytic evidence
demonstrates that peer-assisted learning significantly enhances
academic performance, particularly for clinical and practical
skills.?*” Although pharmacology-specific evidence is limited,
emerging studies suggest that peer tutoring can increase engage-
ment and confidence, and pharmacist-led peer teaching has been
shown to improve prescribing skills and learner confidence,
leading to national adoption in the United Kingdom.?*8249

The time-intensive nature of PBL sessions can strain institu-
tional schedules, particularly in curricula already burdened by
extensive content requirements. Faculty members, too, face chal-
lenges in transitioning from traditional lecturing roles to facilita-
tors of self-directed learning, a shift that necessitates specialized
training and ongoing support.>** Additionally, PBL often requires
more physical space and facilitators compared with traditional
lecture-based methods, which can strain institutional resources.?®

Another significant hurdle is student resistance to self-directed
learning. Many students are accustomed to structured, teacher-led
instruction. Such students, especially those in earlier years of their
medical school education, may initially struggle with the auton-
omy and responsibility demanded by PBL.?*®2°° Some students
may, therefore, feel uncomfortable with the ambiguity inherent in
complex problems or struggle with the increased responsibility for
their own learning. This may lead to student resistance, which can
manifest as frustration, anxiety, or even disengagement.””' This is
particularly evident among those who lack confidence in their
ability to independently navigate complex problems.>*? Addi-
tionally, too much emphasis on group work in PBL can exacerbate
interpersonal conflicts or uneven participation, further compli-
cating the learning experience.??%2°2:2>3

Assessment poses yet another challenge in PBL implementa-
tion. The collaborative nature of PBL and the focus on process skills
(eg, critical thinking and problem-solving) rather than just content
knowledge can make it difficult to evaluate individual student
progress. As such, assessing student performance in PBL can be
more challenging than in traditional teaching methods.”® For
instance, unlike traditional examinations, which rely heavily on
measuring recall or assessing close-ended questions, evaluating
outcomes in PBL requires nuanced tools capable of capturing
higher-order thinking skills, collaborative abilities, and problem-
solving proficiency.”>*?>> However, designing such assessments
is inherently difficult, and inconsistencies in grading rubrics can
undermine the perceived fairness and reliability of evaluations.?>®
Moreover, inadequate standardized metrics for assessing PBL
effectiveness makes it challenging to compare results across in-
stitutions or programs.

To address the challenges associated with PBL implementation
in pharmacology education, several evidence-based strategies
have been proposed. Hybrid models that combine PBL with
traditional lectures offer a realistic and pragmatic solution. These
models allow educators to balance the strengths of both
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approaches. For instance, introductory lectures can provide foun-
dational knowledge before students engage in PBL sessions,
ensuring that they possess the necessary foundational knowledge
to effectively tackle complex problems.>*%%>” Moreover, evidence
suggests that integrating brief didactic components with PBL
significantly improves student performance on pharmacology
examinations,  highlighting the potential of hybrid
methodologies.”**

Another interventional mitigation or pre-emptive strategy is to
run faculty development programs. Investing in training programs
is crucial to equip educators to serve as skilled facilitators and
assessors of PBL. Workshops focusing on group dynamics, student
conflict resolution, questioning techniques, and feedback delivery
can empower instructors to guide discussions without dominating
them.?>® Additionally, mentorship programs pairing experienced
PBL practitioners with novices can accelerate the adoption of best
practices and foster a supportive community of practice.”>® A
critical element of this training is ensuring that facilitators remain
aware that their job is to facilitate, rather than dominate, the active
group discussions.

To mitigate student resistance, it would be advised that PBL be
introduced gradually. Moreover, providing thorough orientation
for students can help address resistance to self-directed learning.
This approach allows for “acclimatization” to the new learning
style and develop the necessary skills for success in PBL. Providing
clear rubrics that details expectations and guidelines can help
students navigate the transition to a more active learning
approach. Moreover, engaging students in the assessment process
(eg, self-evaluation) may help them realize the importance of PBL,
thus leading learners to become owners of their own educations
and lifelong learning journey.

3. Leveraging technology in education

The digital proficiency of today’s students has driven the
adoption of technology in pharmacology education. Simulation-
based learning in the form of the human patient simulator “Sim-
Man” has been extensively used for the teaching of pharmacology
and therapeutics in pharmacy, medical, and nursing educa-
tion.”®264 This is often one of the first “patients” that students
get to meet and treat in a “safe” space, and it has been reported to
support medical student knowledge and confidence level. ! Other
simulation-based pharmacology models, which have stood the
test of time include the organ bath simulation.”®> For decades,
these models have been instrumental for teaching pharmacology
students’ fundamental pharmacological principles of drug action
using simulated models of guinea pig ileum, among other simu-
lated tissue settings.”®>2% In the field of quantitative systems
pharmacology.?®” With the advancements of predictive Al tech-
nology such as AlphaFold,?® it will only be a matter of time before
Al use in the pharmacology education setting is realized as a way
to support student learning.’®®2’! The potential of these tech-
nologies to support students with molecular pharmacology in
visualizing different drug binding modes, impact of patient vari-
ation on drug targeting etc is endless.?’? Virtual, reality technology
has already proven to contribute to positive learning outcomes in
pharmacology,”’> however, cost continues to be a barrier pre-
venting its widespread use.”’* A more comprehensive discussion
on the use of Al in education is covered in section Artificial
Intelligence.

At the commencement of the COVID-19 pandemic, educators
were suddenly faced with the seemingly impossible task of
delivering programs wholly online. Remarkably, this was achieved
at universities around the world, and pharmacology educators
were at the forefront of this change.?’>%8° The human toll of the
pandemic should not be underestimated, with educators and



C. Guilding, R. Kelly-Laubscher, M. Cunningham et al.

students profoundly affected and mental ill-health preva-
lent.?’6281 The adaptations required of educators and students
dramatically increased their workload. A study at a German uni-
versity found that more time was spent on study (students) or
teaching-related activities (educators, estimated at an 80%
increase).?’¢

One of the greatest immediate challenges for institutions was
to move content from classroom presentations online. A range of
approaches was used, often initially involving sharing of long
recorded lectures then becoming more sophisticated and
including short videos integrated with quizzes and other interac-
tive media.”®?> Another immediate challenge was to develop the
technological medium by which online classes would be held.
Classes transitioned to online learning in many instances. One of
the greatest challenges during the pandemic was to provide stu-
dents with practical experiences, placements and industry
engagement.?’?

During the pandemic, simulation tools and virtual laboratory
options such as Labster provided an accessible way for students to
learn pharmacology in the absence of being able to access the
laboratory.?®> Although computer-based options were effective,?8
for many pharmacology students, learning fundamental pharma-
cology practical skills is an essential part of their undergraduate
experience.’®> Beyond the use of simulation-based approaches,
some have taken a creative approach with the use medical tele-
vision dramas to teach pharmacology and engage students with
key theoretical concepts.”’® Other educators have demonstrated
the value of incorporating gamification with positive impact to
student engagement, retention of knowledge, and performance in
pharmacology.”®?37 The use of simulations, interactive modules,
and online assessments offer dynamic learning experiences that
cater to diverse learning styles.”® Additionally, blended learning
models provide flexibility for students balancing academic com-
mitments with other responsibilities.

Finally, assessments were transitioned to online formats at
scale. Many institutions used proprietary examination software to
run assessments online, invigilated remotely. In some cases, stu-
dents were allowed “take home exams” that could be done in their
own time. A US study found that there was no significant differ-
ence between prepandemic and pandemic examination perfor-
mance among medical students in Mississippi.”

The American Association of Colleges of Pharmacy surveyed
institutions regarding their intentions after the pandemic. Inter-
estingly, there was a desire to continue active learning strategies
and TBL for student pharmacists. Some coursework was expected
to continue online, “particularly for electives, prelaboratory work

and small group discussions/facilitations”.>%°

B. Assessment

Assessment refers to judgments of students work usually made
in alignment with disciplinary norms. We make such judgments
for 2 main reasons:

1 To provide what Knight?>*° describes as “feedout ...in the form of
grades or classifications that can be used as performance in-
dicators for the student...” as well as for institutional quality
assurance purposes.

2 To provide feedback that identifies gaps in student learning.

Assessment has undergone enormous change, with emphasis
shifting from a focus on “feedout” or assessment of learning (eg,
high-stakes summative assessments), to a greater emphasis on
assessment for learning, which provides feedback (eg, continuous
assessment) and assessment as learning (eg, self-assessment, peer
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assessment, etc). Although assessment of, for, and as learning are
often presented as distinct types of assessment, Schellekens
et al*°! suggest that they should be considered as parts of a whole
assessment approach. There has also been a shift to more
authentic forms of assessment, which allow students to demon-
strate knowledge, skills and attitudes that are relevant to their
program of study and likely professional context.??”> These changes
have been accompanied by massive growth in the range of
assessment technology available as well as increased dissemina-
tion of assessment innovations by pharmacology educators
(Table 8).175195.292-297

1. Assessment of, for, and as learning

It is important to note that it is the context and ways in which
the assessments are used that determine whether they are
assessment of, for or as learning. For example, and objective
structured practical examination (OSPE), can be used at the end of
a module to provide “feedout” on a student’s performance, or at
different points during a course to provide feedback to students
that enhances learning (assessment for learning).

Assessment of learning refers to high-stakes summative assess-
ments, which assess student knowledge at the end of a semester/
year. In pharmacology, this can take the form of invigilated closed
book examinations or objective structured clinical examinations
(OSPE or OSCE). Although universities in some countries have
moved to a more continuous assessment (formative)model of
assessment, high-stakes summative assessments remain the
dominant form of assessment in many countries.?*® Although cost
and efficiency often play a role in the inclusion of such high stakes
examinations, educational reasons such as enhanced motivation to
study, minimizing opportunities for cheating (eg, using Al for at
home assignments) and examination validity have also been cited
for the continued use of such assessments. However, a recent
scoping review highlighted that although students’ motivation to
study may be proportional to the % marks associated with the
assessment, the type of learning encouraged is often superficial
(eg, rote learning) and/or strategic (eg, only studying parts of the
curriculum and the validity of many summative assessments is
questionable).?°® In addition, they highlight that high stakes as-
sessments can negatively impact student mental health and are
not the best tools for incorporating authentic assessment (see
below).?%

For curricula, where summative assessment remains a domi-
nant feature, some practical steps can be taken. Examinations can
be designed to include questions that encourage deep learning and
application of knowledge and where relevant can attempt to
incorporate some aspects of authenticity. However, the extent to
which this can be done is limited by the examination setting.>”® In
terms of validity, educators can use; (1) Quantitative tools where
relevant to determine the quality of questions®®?; (2) Al to identify
ambiguous questions>°%; (3) Reflective tools to ensure that the
assessment aligns with the intended learning outcomes.>”!
Although some studies in pharmacy have shown that anxiety
has little or no impact on student performance in OSCEs,>%? others
have shown a negative effect on performance.*°> Either way, the
levels of anxiety experienced by students is a welfare issue. Steps
to alleviate such anxiety could include the inclusion of formative
or practice OSCEs.>** An alternative is to shift your assessment to
assessment for learning or assessment as learning.

Although TBL (discussed in section Research-informed
education—constructivism and active learning) provides a course
or program level integration of assessment for learning, there are
many approaches to assessment for learning that can be integrated
at a lecture level. For educators looking to take their first steps
into assessment for learning, audience response systems provide
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Table 8
Examples of assessment innovations used by pharmacology educators
Cohort Assessment Innovation Outcomes Author
Pharmacy Simple cases requiring application of core concepts Students that practiced cases and attended classes Serrano Santos, 2017%%?
performed better on novel problems but not on recall White et al, 2017'%°
questions
Nursing Authentic scenario-based online assessments Asynchronous elements involved peer-to-peer learning Lee et al, 2025%%°
relevant to future clinical practice
Medicine Role play for assessing patient communication Increased confidence in communication of medicine- Lavanya et al, 2016294
related information
Assessment of prescribing competency via online Validity and reliability established for national prescribing Maxwell et al, 2017'7°
patient scenarios competency assessment
Multiple Simulation of pharmacology in vitro preparations with ~ Free resources, increased skills in experimental design and Dewhurst and Ward, 2014%%°

self-assessment
Student-developed clinical trials assessed
Interprofessional clinical pharmacology assessment
with pharmacy residents and medical students

Health sciences

Peer-to-peer learning relevant to future clinical practice;
gives early medical students assessment in patient

evaluation of results

Rangachari, 2002%°°
Schramm et al, 2017%°7

specific medication problems

students with problems they can answer independently or in
groups (eg, “Poll Everywhere”). These methods allow students to
tackle questions that require recall, or even better, application or
analysis of novel scenarios, and can be used to develop critical
thinking and problem-solving skills. Although students receive
feedback on their answers in class, often the most important
learning facilitated by audience response systems happens during
the peer discussions that precede the voting for a best answer.>%
Another example of assessment for learning can be seen in
student-centered teaching methods such as “Self-study, Test,
Question and Discussion.” This method has been previously
shown to be effective in learning enhancement in pharmacy by
encouraging students to formulate questions, solve problems, and
engage in discussions.>?® Its use in an integrated basic science
curriculum can improve learning skills and outcomes in phar-
macy education. Self-study, Test, Question and Discussion allows
for personalized teaching, requiring careful student grouping and
effective management of in-class discussions. Although beneficial,
one drawback is that this approach increases educator workload
because of the investment of time required to produce self-
learning materials and feedback. One approach that integrates
assessment of, for, and as learning, called programmatic assess-
ment is gaining ground in medical and other health
curricula.>°”3% This model focuses on collecting continuous data
from different assessments over time in a more meaningful and
“diagnostic” way to build a holistic picture of the learner’s
competence and development. This includes a combination of
low and high stakes assessments, as well as more objective and
subjective measures. The focus of programmatic assessment is to
provide feedback that is both regular and actionable, helping
learners throughout their educational journey, rather than relying
on single high-stakes examinations.>’® The concept is based on
the robust finding that competence does not generalize well
across content—for example, from drug calculations to thera-
peutic counseling skills—but does generalize well across formats
within the same content domain.>'? This is similar to a clinician
combining medical history, laboratory results and comedication
with usability, drug availability, cost, and environmental impact
to select the most appropriate drug treatment. Assessments
typically occur at multiple points (called data points) throughout
the curriculum, but do not result in individual pass/fail decisions.
Instead, they are all informative, collected in a dossier or (elec-
tronic) portfolio, and periodically analyzed and discussed with a
coach or mentor in a follow-up meeting.>®

Assessment as learning, sometimes referred to as a subclass of
assessment for learning, emphasizes the student’s active role in

20

assessment.’!! As well as providing opportunities for learning of
disciplinary knowledge, assessment as learning, is associated with
the development of skills in metacognition and self-regulation.
Therefore, considering increasing emphasis globally on devel-
oping students as lifelong learners, it is not surprising that there has
been an increase in its use globally.>"" Some examples from phar-
macology include, involving students in generating examination
questions, for example, multiple choice questions,’’”>!? eCases,>"*
assessment criteria,’'* self-assessment,*'” and peer assessment.>'°

2. Authentic assessment

Authentic assessment is a concept that was first described by
Wiggins in the 1990s and refers to “when we directly examine student
performance on worthy intellectual tasks”.>'” What authentic
assessment looks like will change across different disciplines, and in
the case of pharmacology, vary depending on the degree program in
which pharmacology is being taught. To be effective, authentic
assessment should be designed to reflect real-world tasks and skills
relevant to a specific field of study. Quite often authentic assess-
ment is designed with employability skills in mind,*'® therefore
what authentic assessment looks like for a pharmacy student will
not necessarily translate across to pharmacology students on a
biomedical program. Although the core principle remains the same,
whereby the assessment should be designed to evaluate students in
a way that mirrors professional practice, the application will differ
depending on the program learning outcomes. For students in life
science degrees, educators are adopting the “student as partner”
model for the codevelopment of authentic assessments that help to
support the diversity of career pathway students take upon grad-
uation.’'” The participatory approach of student as partner has been
previously found to empower pharmacy students by permitting the
student to be involved in the design of curricula more relevant to
their needs and aspirations.>?® This has led to the rise in assess-
ments that are situated in a simulated or even real health pro-
fessions or scientific contexts.?

From a practical standpoint, OSCE are common practice as an
authentic assessment for pharmacology students as part of med-
ical and pharmacy programs.?’®>?! These approaches have been
shown to be effective in the assessment of clinical reasoning and
decision-making skills for students for over 50 years.>?? Although
not traditionally used in medicine or pharmacy, there has been an
increase in the use of OSPE as a way to assess student practical
competences.’>>*?* The value of OSPE assessment in evaluating
application of pharmacology knowledge across nonvocational
basic science cohort has recently been shown be effective in
identifying student knowledge gaps.>?’
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3. Technology in assessment

In addition to traditional approaches such as multiple-choice
questions, essays, and practical or laboratory assessments, phar-
macology educators can use online quizzes with an increasing
sophistication of options for automated marking and feedback,>2°
role plays, case-based or problem-based assessment,*?’ and can
incorporate peer feedback either electronically or in person.>??
Assessments now need to cover skills such as effective patient
communication®®* and more sophisticated techniques such as
motivational interviewing.>?° In basic sciences, simulation has
been used extensively to assess pharmacology knowledge and
skills to replace animal use.>3®33! Although it is appealing to try
these new technologies and teaching approaches, we must be
cognoscente of the principles of good curriculum and assessment
design. Most notably, the concept of constructive alignment, in
which there is alignment between teaching goals, teaching
methods, and assessment, allows students to make sense of the
educator intention for their learning.>>? Any assessment decisions
should ensure that such alignment is maintained or even
enhanced. In addition, different technologies have different
affordances (what they will and will not let users do). It is
important to ensure alignment between these affordances and
what you want to achieve in technology enhanced assessment.

Considering the rise of generative Al, many educators are
rethinking their approach to authentic assessment to preserve
academic integrity.>*? In the spirit of embracing the potential of Al
as an effective learning tool, educators within computing science
have designed diverging assessments that permits generative Al
tool use for the purposes of enhancing student’s metacognitive
knowledge.*>* Divergent assessment in pharmacology could
encourage students to explore multiple possible answers or solu-
tions, introducing creativity, critical thinking, and application of
knowledge.>*” If effectively designed, this would allow students to
consider various drug interactions, mechanisms, and treatment
options, promoting real-world problem-solving and decision-
making skills. By engaging in open-ended tasks such as case
studies or debates, the use of divergent assessments in pharma-
cology could create a learning environment where students
develop a deeper understanding of pharmacological concepts and
improve their ability to handle complex situations, preparing them
better for professional practice.!”%33¢

4. Assessing prescribing knowledge and skills

Prescribing knowledge and skills assessment can be incorpo-
rated in relevant degrees either as part of student learning through
activities such as case-based discussions or workplace-based as-
sessments including preprescribing, or a variety of different
question types can be incorporated in summative assess-
ments.>>”33% Of major interest in the assessment of prescribing
knowledge and skills, are the international prescribing safety as-
sessments. Several examples of such high stakes summative as-
sessments are now deployed such as the UK Prescribing Safety
Assessment.'7417>:339-341 The Dutch National Prescribing assess-
ment has also been delivered,'>**? as have other prescribing as-
sessments including the European Prescribing Exam.**® A
Prescribing Skills Assessment that adopts the same blueprint as
the UK model is also delivered to Australia, Canada, Ireland, Malta,
and New Zealand.>**3*> These assessments are generally created
through national collaborations that bring together physicians,
pharmacists, and other educators who recognize the importance
of delivering a high-quality assessment and establishing appro-
priate standards in this complex and challenging area of practice.
Undertaking such assessments on a national basis also enables
groups to deliver assessments to a standard that is rarely possible
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in single institutions given the limited available expertise and
resource.

Issues that have to be considered in planning prescribing as-
sessments include:

1 Coverage. This will normally be informed by the curriculum of
learning it is designed to assess but should also be rooted in the
workplace that the learner is being prepared to work in (if it is
known).

2 Validity. Is the test merely a surrogate marker of likely perfor-
mance in the real-world setting (eg, multiple choice questions),
a high-fidelity simulation or set in the real world.

3 Delivery. Remote online through to real world physical envi-
ronment. Electronic or paper.

4 Purpose. Summative high-stakes assessments or formative ex-
ercises providing feedback, learning, and reflection.

5 Reliability. How confident can we be about reproducibility—this
is determined by its length, item discrimination, and number of
skill domains.

6 Marking. This should ideally be objective and consistent
candidate to candidates.

7 Governance. Any high-stakes assessment requires a clear
governance structure that oversees quality assurance (eg,
assessment board), academic credibility, standard setting, and
appeals processes.

The presence of these kinds of prescribing assessments en-
sures that there is a focus within the learning program on
delivering the necessary learning outcomes, which can become
lost in increasingly crowded undergraduate curricula. They also
ensure that weaknesses in this vital aspect of knowledge and
skills cannot be compensated for by good performances in other
parts of the curriculum. A Swedish study showed that 90% of
third-year medical students in one medical school passed the
internal medicine examination when clinical pharmacology
questions were integrated; however, only 73% passed when these
questions were assessed separately.>*® However, it is important to
recognize that dedicated assessments are not universally
welcomed especially by those that argue that it is inappropriate
to create “special status” for some areas of the curriculum and not
others. This is clearly a philosophical issue, but clinical pharma-
cologists might argue that the demonstrable evidence of adverse
prescribing outcomes (to the detriment of patients) and deficits
in training pathways, highlighted by both students and clinical
supervisors, do give the assessment of prescribing skills a special
status.

Such standardized prescribing safety examinations usually
provide “feedout” rather than feedback to students but serve an
important purpose in certifying students ability to safely prescribe
and supervise the use of medicines. These standardized assess-
ments also make it possible for educational institutions (eg,
medical schools) to reflect on their training programs, which often
vary considerably.®* If comparative data are available, educational
institutions can benchmark the success of their approach against
others. If specific item-related data are available from assessments,
they can consider specific areas of weakness or misunderstanding
and amend teaching accordingly. Prescribing is a complex skill that
involves communication between the prescriber and patient, but
also communication between prescriber and those who dispense
the medicine (usually a pharmacist) and those who administer the
medicine (usually a nurse). Development of such communication
skills is increasingly a focus of teaching activities and related as-
sessments, and increasingly sophisticated simulations have been
developed for this purpose.>#7>48
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C. Artificial intelligence

The idea of consciousness and intelligence being bestowed
upon artificial beings by master craftsmen has existed in stories
and myths since antiquity. In 1950, Turing>*° described “learning
machines” and proposed the “imitation game” as test of a ma-
chines ability to mimic human intelligent behavior through nat-
ural language conversations assessed by a human evaluator. The
development of large language models (LLMs) in 2018 enhanced
natural language processing capabilities leading to the launch of
the conversational chatbot, ChatGPT, in November 2022.3°%3>!

LLMs are sophisticated artificial neural networks, a subset of
machine learning, the development of which has been inspired by
the structure and function of the human brain. Given a user’s text
prompt, ChatGPT and other LLMs generate a text response by
predicting the next word, or token, given the context of the prompt
and based on the patterns in language that it has “learned” during
the training process.>*? LLMs therefore do not reproduce text from
training sources but rather generate new text word-by-word
through a highly sophisticated statistical algorithm. The text
generated is therefore unique, even when the same prompt is
used, and constructed with good quality language.

The capabilities of ChatGPT have sparked a great deal of
concern among HElIs, regulators, and the media that these tech-
nologies would negatively impact the integrity of assessment and
academic standards.>>?>3 As Al technologies continue to develop
rapidly there is also a growing acceptance that they have the po-
tential to enhance learning, teaching and assessment. Many edu-
cators, however, lack the necessary understanding of how Al tools
work and the implications this may have on potential applications
in the classroom. Educators and students may also not be fully
aware of the ethical implications and limitations when using Al
tools. This Al literacy gap must be addressed to ensure teaching,
learning, and assessment are conducted effectively. As educators,
we also have a responsibility to develop our learners’ knowledge
and skills in the responsible, critical and effective use of Al tools to
prepare them to succeed in an ever more Al-enabled world.>>* To
understand the potential challenges and benefits that the Al rev-
olution brings to higher education we need to understand how
these tools work, their capabilities and limitations.

1. Concerns about, and limitations of, generative artificial
intelligence

Generative Al tools can already produce impressive content
whether that be code, text, images, audio, or video, and with
ongoing rapid development the quality of output will continue to
improve. Generative Al technologies are however not perfect and
have several limitations in their capabilities as well as concerns
around their development and potential misuse. They are sus-
ceptible to generating outputs that perpetuate bias and false
information.>>>

Although text generated by LLMs reads well and appears
convincing it can contain facts that are made up and reasoning that
is illogical. These are often referred to as “hallucinations” and is in
part a consequence of the way in which LLMs generate text. If you
were to prompt ChatGPT to include citations and a list of refer-
ences within its output, it can and will do so, but these may not be
accurate or indeed even exist within the literature. In the medical
context, use without understanding the limitations of generative
Al and critical review of their output has the potential to adversely
impact patient care.>>°

Apart from the accuracy of outputs, there are other concerns
associated with the development and deployment of generative Al
tools. In many cases data entered as prompts into LLMs are used to
train and refine the model.>*’ In addition to copyright material, the
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enormous data sets used to train LLMs include explicit and dis-
turbing content found in the deepest recesses of the internet. To
protect users from abusive and harmful outputs, Al tools have been
trained to detect such content and prevent the likes of ChatGPT
from producing it.

There is also a growing awareness of the environmental impact
that large-scale generative Al models have.>*® This includes the
impact of mining for minerals and increased energy consumption
to deliver the computational power required to train and deliver
functionality to users. It has been estimated that current use of one
platform, Stable Diffusion, could generate as much as 360 tons of
CO, per year.>>®

2. The challenge of generative artificial intelligence and assessment

One of the most pressing challenges posed by generative Al is
having confidence in the authorship of assessed work. Academic
misconduct, be that collusion with a peer, submission of someone
else’s work, or using essay mills, is unfortunately not a new
concept. However, generative Al exacerbates the threat to integrity
of assessment and academic standards by making it easier to
generate new content from simple text prompts. The performance
of ChatGPT in Medical Licensing and Bar examinations is well
documented and highlights the capability of Al tools in inter-
preting and answering questions in high level assessments.>0-261

Al tools continue to evolve and become more sophisticated and
are now able to analyze images and text, integrate information
from multiple sources, demonstrate critical analysis and provide
reasoning for answers provided.>®? These are of course some of the
higher order skills we may seek to assess over and above factual
recall. In addition, distinguishing between human and Al-
generated content is increasingly challenging. The reliability and
fairness of noninvigilated written assessments are therefore
vulnerable to the capable of Al tools in generating increasingly
accurate well written text of as good, if not better, quality than the
average human. Indeed, a study in found that 97% of wholly Al
generated short answer and essay-based assessments went un-
detected by markers and were awarded grades higher than the
average student in the cohort.>®>

3. Can we rely on artificial intelligence—text detectors?

There has been a rapid rise in tools that claim to detect Al
generated text and provide reassurance to those concerned about
the authenticity of content. Can Al-generated text be detected
reliably? The short answer is no, and this is likely to be the case in
the near future.>®* In January 2023 OpenAl, the creator of ChatGPT,
launched an Al classifier that was trained to distinguish between
human and Al-generated text from a variety of LLMs. Within 6
months the tool was withdrawn as it was “not fully reliable” being
able to correctly identify only 26% of Al-written text and falsely
identifying 9% of human-written text as being Al-written.>®> With
the concerns around misuse of generative Al in assessment, it was
perhaps not surprising that Turnitin developed and Al detection
tool against GPT3 and ChatGPT. At launch, Turnitin claimed the
tool had a successful detection rate of 97% and a false positive rate
of 1 in 100. After real world application, Turnitin themselves
admitted the results were different from their testing and that in
some cases false positive rates may be up to 4 times higher.>%°

Although the prospect of a robust and reliable Al detection tool
may provide a degree of comfort, the reality is that this is unlikely
to be the case given the limitations of Al detectors.>®” The problem
with Al detectors is not limited to their real-world performance
and reliability. With the evolution of existing, and development of
new and more advanced LLMs, we are at risk of getting caught up
in a technological arms race between generative Al and checkers...
and paying for it. Al detectors work best on unaltered generative Al
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outputs. Paraphrasing and editing of the text, either by a human or
via a paraphrasing tool, disrupts the algorithms on which Al de-
tectors rely.>®’ There is also evidence that Al detectors are biased
against nonnative English writers, with higher false positive rates
compared with native English writers.2%® With a false positive rate
that is too high detection can lead to too many false accusations of
cheating, causing unacceptable student dissatisfaction and repu-
tational damage.

With generative Al technologies being embedded within many
tools used in education, for example, Grammarly and Microsoft
Office, it is possible that we all at some point will be producing
work that includes Al generated, or Al improved content. The real
question is whether we consider it feasible to fight the use of Al
technologies or accept their role as an assistant and focus on the
value added that we as humans can bring. Focusing on a person’s
ability to use Al tools effectively and critically through expertise in
prompting and enhancing outputs may become a more appro-
priate skill to develop and ultimately for us as educators to eval-
uate through assessment.

4. Advice to educators

With a strong foundation in Al literacy, students will be more
likely to use Al tools ethically, and it offers the opportunity to
promote academic integrity and learners’ awareness of how to use
Al tools responsibly and ethically. It is also necessary to review
assessment practices ensuring a variety in modes of assessment
and replacing highly vulnerable assessments with authentic
assessment of knowledge and skills and, where appropriate, the
use of closed book invigilated assessment of knowledge and skills.
For example, it may be appropriate to adopt invigilated assess-
ment in the early years of a course when assessing fundamentals,
for example, basic mathematics without use of a calculator. In later
years of the course, it may be more appropriate to shift to modes of
assessment that allow the use of Al technologies as an assistant
and focusing on the students’ ability to produce work using these
tools effectively, reflecting the future workplace, for example,
allowing the use of a calculator in an assessment of mathematics.
Al can be used to generate clinical vignette prompts modeling
adverse reactions, drug-interactions, and patient specific dosing.

5. Potential roles for artificial intelligence in learning, teaching, and
assessment

The use of Al tools such as MS Copilot, Gemini, and others may
realize efficiency gains for educators through supporting instruc-
tional design and the development of course materials including
simulations, clinical vignettes, and assessments. Successful adop-
tion of Al as an assistant will therefore enable the educator to
devote more time to more impactful learner interactions and
mentoring, improving the student learning experience.

Al tools may have a role in planning a lesson structure and in
the creation of associate teaching resources, doing so quickly with
mostly appropriate and accurate content. Al tools can be used to
create useful simulations and prompts that adapt to the input of
the user, for example, on entering laboratory findings.>%*7° Using
Al assist in content generation reduces educator workload using
the time gained to review outputs and undertake more productive
tasks. Al tools can act as a virtual tutor, accessible 24/7, which
again may enable the educator to focus on more complex tasks and
needs of individual learners more effectively. Al tools can also be
effectively deployed within simulated learning environments. For
example, ChatGPT has been used to support training in the
breaking of bad news by producing realistic scenarios and
providing active roleplay with the user while proving clear feed-
back.>”! Likewise, ChatGPT has been used within surgical rounds
as a teaching tool to address gaps in knowledge, simulate difficult
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conversations, explore ethical challenges and support learners in
building of differential diagnosis and decision making.>”? Despite
issues associated with the prompt design affecting results, accu-
racy of some outputs, and lack of specific references the use of the
Al was seen as helpful. The use of Al-tools to assist medical stu-
dents in clinical decision making demonstrated the advice pro-
duced was suitable and safe for students.’”?

Generative Al offers efficiency gain for academics in the gen-
eration of accessible teaching resources by reproducing content in
multiple formats, generating alternative text of images and
improving the quality and readability of language. With expert
review of output, Al tools are also useful assistants in the design
and generation of assessment items that are focused on pharma-
cology course content and to a standard appropriate for the
learners’ stage on a program of study.> The use of ChatGPT enabled
the creation of 50 multiple choice questions in one tenth of the
time take by University Professors to do the same with little to no
difference reported in the appropriateness, clarity, specificity,
relevance, discriminative power, or suitability of the questions.>”*
A study comparing human generated versus ChatGPT generated
questions found that learners were unable to distinguish between
to 2 with no significant differences in difficulty reported.>’> There
is therefore an efficiency gain, without compromise in quality,
when Al tools are used to assist in the development of
assessments.

As well as the development of assessments, the potential for Al
tools in supporting marking and feedback processes is also being
explored. There was found to be a strong correlation in the
marking of short-answer questions by ChatGPT and a human
assessor when provided with the same making rubric.>’® Gener-
ative Al may also be helpful in providing support and feedback to
learners during their studies. Indeed, feedback augmented by
ChatGPT, prompting the Al to “make the original feedback
constructive and encouraging,” was rated higher and strongly
preferred by a cohort of university students over the human-
generated original.>”’

Al tools are already being used by many learners to support
their learning as a way to gathering and summarizing information,
simplifying complex concepts, offering a personalized learning
experience, practice scenarios and formative quizzes. Al-powered
flashcard generators, such as Quizlet, Paperclips, and PDF2Anki,
may rapidly convert content into flashcards supporting spaced
repetition and improved memorization. However, the process of
creating flashcards is in itself an important step for the process of
learning with those who create their own flashcards out-
performing those who rely on pregenerated equivalents.’’®
Although perceived by learners to be a useful learning assistant,
Al tools may hallucinate, provide inaccurate or out-of-date infor-
mation, and may lead learners to rely too heavily on the likes of
ChatGPT potentially impacting their critical thinking and problem-
solving skills.>’*>%0 Despite these challenges, Al offers many op-
portunities to enhance student learning. The use of Al tools could
assist the development of research skills and support discussion
and debate for group and distance learning by providing a dis-
cussion structure, guidance, and real-time feedback to improve
learner engagement.>”?

A survey of medical students found ChatGPT produced outputs
that were considered to have greater clarity and organization than
evidence-based sources, but the evidence-based sources were
comprehensive.*®! This suggests that many learners may be able
to discern when it may be appropriate to use an Al tool and when it
may be more appropriate to review the more comprehensive
source of information. It is also worth remembering that learners
have had access to the internet and search engines as a source of
information for many years. Using Google to prepare for a test has
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Table 9
Top tips for educators

1. Build education networks: Get involved in local and international
pharmacological societies’ education activities and initiatives (Table 3).

2. Build your educational toolbox: Engage with SoTL, DBER, and the
pharmacology education literature to improve teaching practices and
contribute to the broader academic community.

3. Avoid curriculum overload: Use evidence-based pharmacology curricula,
content guides, and competency frameworks to select the most appropriate
content (Table 4)

4. Skills integration: Incorporate skills students need to access, interpret, and
use pharmacology knowledge independently, both as students and in their
careers

5. Continuous improvement: Implement strategies for ongoing curriculum
evaluation and refinement, using feedback from various stakeholders to
adapt to evolving educational needs.

6. Incorporate active learning strategies: To enhance engagement and retention,
embrace active, student-centered approaches (see section Research-
Informed Education — Constructivism and Active Learning).

7. Leverage technology where appropriate: Utilise digital tools, simulations, and
Al to support student- centered learning.

8. Use authentic assessment: Develop authentic assessments that reflect real-
world tasks and skills, ensuring that evaluations are meaningful and
relevant.

9. Consider programmatic assessment: Collect continuous data from various
assessments to build a holistic picture of student competence. Provide
regular, actionable feedback to support student development.

been shown to improve performance by 11% over baseline. Inter-
estingly using ChatGPT rather than Google to prepare for the test
results in a similar improvement in test performance of 10% sug-
gesting ChatGPT is as helpful but no better than using Google to
prepare for a test.>8?

6. Preparing graduates for an artificial intelligence—enabled world

Al technologies already have a number of applications in
healthcare including in interpretation of diagnostic imaging,
monitoring disease progression, and analyzing genetic data.>®3
The role of Al is also becoming more important in areas such as
drug development, telemedicine, and robotic surgery.>®* This
highlights the need for educators to raise awareness, train stu-
dents, and inspire the next generation of innovators by embedding
Al within our course outcomes. In pharmacology specifically, Al is
likely to impact many areas of practice, including research, drug
discovery and development, therapeutic drug monitoring, and
personalized healthcare.>®> %7 As an example, A GPT4-powered
tool, ChemCrow, aims to streamline drug design and synthesis
and has successfully executed the synthesis of an insect repellent
from user inputs such as “plan and execute the synthesis of an
insect repellent.”388

Although the rise of Al presents challenges and concerns, it also
provides the opportunity to innovate to enhance pharmacology
education. We have a responsibility to prepare our students for a
future where Al is ubiquitous. Al literacy and supporting students
to critically evaluate Al-generated content in the context of the
capabilities and limitations of the tools uses should be embedded
within curricula. By embracing Al, our students will gain the skills
needed to thrive in this rapidly evolving landscape, we can support
the integrity of assessments, as well as enhance the efficiency and
effectiveness of educational practices.

V. Conclusions

Pharmacology education is undergoing a transformation, sha-
ped by rapid scientific advances, evolving healthcare demands,
and shifts in pedagogy and technology. As this review has illus-
trated, the discipline is no longer confined to traditional depart-
mental boundaries or didactic teaching methods. Instead, it is
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increasingly embedded within interdisciplinary curricula, deliv-
ered through active and technology enhanced learning, and sha-
ped by the diverse needs of a global student population. This
evolution presents both opportunities and responsibilities, and we
provide some top tips for navigating this complex landscape in
Table 9.

Educators must operate in an environment where foundational
pharmacological knowledge must be preserved, even as pharma-
cology is integrated into broader biomedical and clinical contexts,
and new competencies, ranging from digital literacy to interpro-
fessional collaboration, become essential. They must act as advo-
cates for the discipline, ensuring that core pharmacological
principles and skills remain central to curricula across diverse
programs. The development and dissemination of internationally
agreed-upon core concepts and competency frameworks, such as
those led by IUPHAR and other societies, are essential tools in this
endeavor.

In integrated or interdisciplinary settings, it is especially
important to maintain the visibility of pharmacology. Where
standalone departments no longer exist, institutions should
designate pharmacology leads to oversee curriculum content,
ensure quality assurance, and advocate for the discipline in stra-
tegic planning. Without this, there is a risk of erosion in pharma-
cology expertise and a decline in graduate preparedness.

Looking ahead, pharmacology educators will play a central role
in shaping how the discipline evolves. To do this effectively, they
must be equipped not only with subject expertise but also with the
tools, training, and institutional backing to lead curriculum
development and implement active learning, authentic assess-
ment, and appropriate use of digital tools including Al. National
and international collaboration across institutions, societies, and
regulatory bodies will be key to sharing best practices, aligning
educational standards, and ensuring that pharmacology remains a
clearly defined and well supported component of health and
biomedical education. Pharmacology educators are encouraged to
participate in networks such as [IUPHAR-Ed and national education
committees, not only to stay informed but to shape the future of
the discipline.
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