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Preparing medical students to prescribe is a major challenge of undergraduate education. They must develop an understanding of
clinical pharmacology and acquire knowledge about drugs and therapeutics, as well as the skills to prescribe for individual patients in
the face of multiple variables. The task of delivering the learning required to achieve these attributes relies upon limited numbers of
teachers, who have increasingly busy clinical commitments. There is evidence that training is currently insufficient to meet the
demands of the workplace. e-Learning provides an opportunity to improve the learning experience. The advantages for teachers are
improved distribution of learning content, ease of update, standardization and tracking of learner activities. The advantages for learners
are ease of access, greater interactivity and individual choice concerning the pace and mix of learning. Important disadvantages are the
considerable resource required to develop e-Learning projects and difficulties in simulating some aspects of the real world prescribing
experience. Pre-requisites for developing an e-Learning programme to support prescribing include academic expertise, institutional
support, learning technology services and an effective virtual learning environment. e-Learning content might range from complex
interactive learning sessions through to static web pages with links. It is now possible to simulate and provide feedback on prescribing
decisions and this will improve with advances in virtual reality. Other content might include a student formulary, self-assessment
exercises (e.g. calculations), a glossary and an on-line library. There is some evidence for the effectiveness of e-Learning but better

research is required into its potential impact on prescribing.

Introduction

Prescribing is the major intervention that most doctors
make to restore or preserve the health of their patients and
is the major tool used by most advanced healthcare
systems to improve public health. Prescribing also carries
risk: there is ample evidence that injudicious prescribing
harms the health of a significant minority of patients [1, 2]
and that prescribing errors are frequent [3, 4]. Perhaps we
should not be surprised that error is common because
prescribing is a complex task requiring diagnostic skills,
knowledge of medicines, communication skills, an under-
standing of the principles of clinical pharmacology, appre-
ciation of risk and uncertainty and experience. It is also
apparent that prescribers face progressive demands due
to important trends including (i) more licensed medicines
available, (ii) increasing indications for drug treatment, (iii)
greater complexity of treatment regimens leading to

‘polypharmacy’ and (iv) more elderly and vulnerable
patients.

For these reasons, providing the training that will allow
new doctors to be better prepared to assume their respon-
sibilities as prescribers is arguably the greatest challenge in
modern undergraduate medical education. Several inde-
pendent reports have suggested that improvements need
to be made [3, 5-7]. However, delivering improved educa-
tion in clinical pharmacology and therapeutics (CPT), the
discipline that underpins safe and effective prescribing,
presents difficulties because:

+ CPT is a knowledge-rich discipline (e.g. large numbers of
drugs) at a time of unprecedented curriculum overload

+ Best practice in prescribing changes continually as new
evidence emerges

+ Prescribing is a high risk area of clinical practice, making
acquisition of practical experience and training problematic
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+ CPT appears throughout the curriculum, complicating
the delivery of an integrated and consistent learning
pathway

* Prescribing integrates knowledge, understanding, skills
and judgement

*There is a shortage of specialists combining a firm
grounding in CPT with prescribing experience and an
interest in teaching.

All of these factors have stimulated interest in
e-Learning as a solution. The aim of this review is to: (i)
discuss how e-Learning can contribute to prescribing edu-
cation, (ii) identify its advantages and disadvantages and
(i) highlight some examples. We focus on the training of
medical students, although the issues discussed are also
relevant to those from other professional backgrounds
who are learning to prescribe and those who are in post-
graduate education. We consider prescribing education to
embrace the four domains of the British Pharmacological
Society curriculum - the principles of clinical pharmacol-
ogy, knowledge of the effects and use of drugs, how drugs
are applied to the treatment of diseases (therapeutics) and
the skills and judgement involved in writing and reviewing
prescriptions [8].

What is e-Learning?

The term e-Learning is used in its widest sense to describe
all forms of electronically supported learning and teach-
ing. In the modern era it is normally used in relation to
electronic support provided by computers, either working
in isolation or, more commonly, connected to a network.
The learning materials may be provided from within the
learners’ own educational institution or delivered from
other sources on the Internet.e-Learning is a relatively new
approach to medical education but is rapidly growing with
the increasing availability and portability of computers.

It is worth noting that the mere association of
e-Learning with a computer does not mean that the learn-
ing process is novel or even an improvement. At its most
basic, e-Learning may involve transfer of static pages of
text and pictures from a book to web pages (e-Book) or
delivery over the Internet of a seminar that might have
been delivered face-to-face (e-Seminar). In these situa-
tions, e-Learning is merely replicating long-established
pedagogical approaches but opens up new possibilities in
terms of flexibility for teacher and learner. However, at its
most developed, e-Learning can provide new learning
opportunities that were simply not possible in the pre-
computer age. Examples include user-controlled anima-
tions, self-assessment exercises with feedback, on-demand
video streaming and podcasts and simulations of real-life
events in virtual reality.

The breadth of e-Learning possibilities can be classified
sequentially into static content, facilitated learning, partial
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interactivity and complete virtual reality. Table 1 provides
some examples of each in relation to prescribing educa-
tion. Table 2 lists and defines some common terms and
definitions relating to e-Learning.

What are the advantages of
e-Learning?

e-Learning has potential advantages over traditional live
or real learning environments in terms of both the delivery
of the learning by teaching institutions and the experience
and outcomes for the learners (Table 3).

Teachers are attracted to e-Learning by the opportu-
nity to enhance the accessibility of their learning material.
No longer are they restricted to brief events in a crowded
educational timetable but can make material constantly
available to users anywhere in the world. This is a particu-
larly attractive proposition for clinical pharmacologists,
who are few in number but are often charged with deliv-
ering a large part of the curriculum.Teachers are also able
to update and amend content at any time and can sign-
post those changes or highlight the appearance of new
material. This responsiveness to the needs and wishes of
learners is particularly attractive for prescribing education,
which evolves more rapidly than other areas in the medical
curriculum. Careful use of templates allows better stan-
dardization of the content, providing a more coherent feel
to the learning process than is possible in standard lecture
courses. A learning management system (LMS) makes it
possible to monitor the access and progress of learners
through the content, as well as assessing their acquisition
of knowledge to ensure that learning has occurred. It also
makes teachers more accountable for their material, which
is scrutinized during the learning process and can be
instantly rated. All of these features can help to reduce the
overall administrative burden of course delivery. Teachers
and their institutions might also see e-Learning as a cost-
effective option, although this depends on the numbers of
learners and a plan for sustainability of the material. It may
also be increasingly the only practical solution as medical
education is devolved progressively from major academic
centre venues to primary care.

Learners are attracted to e-Learning because it puts
them at the centre of the learning process. Rather than
being passive recipients during educational events, they
can choose the content that they access, the order in which
it is tackled, and the pace of the learning based on their
experience and personal learning objectives. The content
is readily accessible so they can choose the location and
timing of the learning to suit their personal commitments.
A good quality e-Learning experience may also provide
the learner with more personal interaction than is normally
possible at a traditional large group event.The LMS should
also mean that learners have improved access to teachers
and are less isolated from other learners.The clearly visible
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Table 1

Classification of e-Learning strategies to support prescribing education

Description Examples

Passive

Simple on-line replication of existing learning approaches On-line lectures either prerecorded or delivered as a live ‘webinar’ using tools such as
(e.g. fixed text, lectures) that may make them easier to Adobe Connect or Skype
access for learners. Podcasts

Glossary/dictionary

Static text and pictures (e.g. lecture slides and handouts)

On-line library

Facilitated learning
No interaction involved but the learner is able to find Student formulary that is a fixed list of drugs that are each linked to other learning
resources more easily or is provided with resources that opportunities
are easily linked to other learning opportunities. Library containing reading that is selected as appropriate to support the curriculum
Links to relevant on-line resources

Interactive

Learner-system  Partially simulated reality where the learner interacts with a e Simulated prescribing in response to case scenarios with feedback based on drug choice,
system that responds or provides feedback based on the dosage, route etc.
inputs. Short of personal tuition this can be achieved e Management of patients within decision trees that take the learner down different
only with the aid of computers. pathways consequent on their decisions

Practice in form filling (e.g. Yellow Card report)
Reviewing prescription charts for prescribing errors, interactions
On-line learning sessions with case studies containing a variety of media, animations and
case studies
Self-assessment exercises with feedback (e.g. multiple choice or extended matching
questions, ‘drag and drop’, free text entry)
Student formulary providing concise information about an individualized selection of drugs,
appropriate to the context of the learner and curriculum, and which can be modifiable and
annotated by the learner
Learner-teacher Learners are in communication with the teacher. This is Discussion boards allow questions to be answered and misunderstandings to be resolved
possible unaided but interaction is facilitated by by the teacher who can share the thread with other learners
computers. On-line tutorials linking learners and teachers in different locations

Virtual reality

Learner-system  High-fidelity three-dimensional simulation of a hospital Prescribing tasks are presented and completed in virtual reality with simulated
ward with patients and other staff. This is impossible consequences for the patient.
without the aid of computers. None in existence but
planned developments exist.

Table 2

Definitions of some common terms related to e-Learning

e-Learning. Learning and teaching that is computer-based and usually self-paced, and happens at a time and location of the learner’s choosing, rather than as a single event at
a fixed time provided by the teaching institution.

Learning objects (LOs). A unit of learning content that lasts a few minutes for the learner, containing content in the form of text, image, animation, streaming video or audio.
LOs are usually self-contained packages of learning that have a clear educational purpose and can be undertaken independently from other learning content. LOs are often
reusable in different contexts for multiple learning purposes. LOs can be aggregated into larger collections of content that might form traditional course structures. LOs are
tagged with metadata to facilitate their identification, storage and retrieval. A free worldwide repository for learning objects is available at http:/Avww.merlot.org.

Metadata. The data used to describe or ‘tag’ LOs so that they can be identified by search engines or learning management systems. Metadata will typically include the learning
objectives, the pre-requisites that the learner must have before undertaking the learning object, the learning topic and its place in the curriculum, language, descriptive text,
version, instructional content (e.g. text, web pages, images, animation, audio, video), the level of interactivity required of the learner and any technical requirements to view
it.

Virtual Learning Environment (VLE). A system designed to support e-Learning that enables learners to access learning content through a single, consistent, and intuitive
interface. It usually requires learners to identify themselves at login so that their usage and performance can be monitored, their optimal learning pathway (curriculum) and
assessments can be signposted, any earned credits recorded, and access rights controlled. The VLE will normally provide interactive LOs organized into modules and courses,
reference resources, access to an on-line library, links to outside learning resources, self-assessments, podcasts (series of digital media files that are released episodically and
often downloaded through web syndication), wikis (collections of articles that multiple users can add to and edit freely on-line), blogs (web logs; web site entries that are
updated with new content from time to time), questionnaires and discussion boards.

Blended learning. A mixture of traditional lectures, tutorials, practical and clinical activities with e-Learning approaches (e.g. a lecture is supplemented by an on-line tutorial).

Learning Management System (LMS). A similar concept to a VLE but with a greater emphasis on management of the learning process. The LMS will record learner activities and
might serve to enforce specific learning pathways and ensure they are completed before progression. Common examples include Moodle, ctools and Blackboard.

Sharable Content Object Reference Model (SCORM). A collection of standards and specifications for web-based e-Learning that have been created to maximize the
compatibility of LOs with host VLEs and LMSs.
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Table 3

The advantages and disadvantages of e-Learning as an educational approach

Advantages Disadvantages

numbers of learners

a clear plan for sustainability exists)

Teachers can to monitor individual learning activity

Teachers can assess learning outcomes

Teachers can standardise content across the course

Clearer accountability of teachers for quality of learning materials

More interactive than traditional large group events
Improved interaction with teachers and other learners

Teachers  * Small numbers of teachers can provide high-quality content accessible to large e Significant upfront investment in time and other resources

Cost-effectiveness (if created for a sufficiently large number of learners and

Electronic content can be updated and revised rapidly unlike printed material
Learners e Learner-centred: they choose the content, the learning sequence, and the
pace of learning based on their experience and personal learning objectives
Accessibility of learning content (learner decides on location and timing)

 Risk of deterioration in quality in a rapidly developing area unless there is
a clear plan for sustainability
e May fail to prepare learners for the complexity of the clinical environment

e Loss of the personal learner-teacher interaction
¢ Requirement for self-motivation to timetable and complete learning
¢ Loss of the social context of the learning experience in the absence of peers

structure and organization of an e-Learning course may
also be better suited to the achievement of the learning
outcomes identified in modern competency-based
education.

What are the disadvantages of
e-Learning?

There are some important disadvantages that are worth
considering (Table 3). While e-Learning provides an excel-
lent route for the delivery of knowledge of the principles of
clinical pharmacology, drugs and therapeutics, it may be
less able to provide the practical training required to pre-
scribe.This involves making judgements based not only on
knowledge but also the nuances and uncertainties that are
inherent in real clinical practice. Nevertheless, it seems
likely that some of these hurdles will be overcome if virtual
environments are able to simulate the reality of the work-
place. Although e-Learning has the potential to be cost-
effective, the up-front investment is considerable in terms
of time and resources and can be justified only if there is a
clear plan for sustainability. Many e-Learning efforts end in
failure because the time commitment for maintenance is
underestimated. A final but important disadvantage is the
absence of the clinical role model or mentor, which
remains a valuable part of medical education.

How can we create good
e-Learning, to support prescribing
education’

There are several pre-requisites for developing a successful
e-Learning programme to support education in CPT and
prescribing. These include:
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« Academic expertise. Prescribing (including clinical phar-
macology) represents a large proportion of the medical
curriculum and some medical schools may not have
sufficient expertise to provide the breadth of materials
required. For that reason, regional and national collabora-
tion is probably the optimal approach to building a high
quality resource and several examples now exist [9-11].In
addition to knowledge, content authors will need enthu-
siasm, imagination and an ability to perceive the learning
challenge from the student’s perspective.

Time and institutional support. The initial investment in
time and effort to create good e-Learning materials is
considerable and represents much more than converting
PowerPoint presentations to web pages.To be able to do
this the academic experts will require time and recogni-
tion of the importance of the work.

Virtual learning environment (VLE). Any e-Learning
content must be accessible to learners and this will nor-
mally require an institutional VLE with authenticated
access that serves as a conduit to the materials. This may
include a formal LMS that controls the order of access,
and records the completion of learning and the results of
any assessments.

Learning technology services. Few academics will possess
the necessary expertise to create and then ‘platform’ the
learning materials. They will usually provide text and pic-
tures within a pre-specified template, which is then trans-
formed into an interactive e-Learning session by an
instructional designer, sometimes with the help of a
graphic designer. The programming team will then
ensure that the final content is uploaded and provide
technical support for users.

Curriculum. The essence of good e-Learning is that it is
planned and logical,and based around clear learning out-
comes.These determine the learning content, the order in
which it is taken and the assessments that are provided.
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risk factors

{ Monitoring drug therapy

that predict

)
)
{ Individual variation in drug response ]
)
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{Adherence, compliance, concordance
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adverse

drug reactions

Adverse drug reactions }

Describe how

Drug interactions
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—|those risk factors can

Medication errors

influence prescribing

decisions
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Prescribing for special groups

Identify sources of

)
)
Rational prescribing ]
)
)

{ Developing and regulating medicines

information about
adverse drug

<~ Drugs ‘7 Modules
<~ Therapeutics ‘7 Modules
—~ Prescribing Skills ‘7 Modules

Figure 1

- Other modules

reactions

Explain the
importance
of warnings and
monitoring in
preventing adverse
reactions

The breakdown of the Prescribe e-Learning programme (based on the British Pharmacological Society curriculum) into sections, modules, learning sessions

and individual learning objectives

For this reason it is necessary to have an agreed curricu-
lum that is broken down into a logical hierarchy. The
British Pharmacological Society has published such guid-
ance [8], which underpins the organization of Prescribe, its
e-Learning initiative (Figure 1) [9].

What e-Learning content would
support prescribing education?

The content of an e-Learning programme for prescribing
might include a mixture of traditional interactive
e-Learning sessions with other supporting activities.

« e-Learning sessions.These will normally be relatively brief
interactive learning activities lasting for around
20-30 min to avoid exceeding the learner's attention
span. Each will contain one or two ‘learning objects’ that
tackle a small number of clearly defined learning objec-

tives. They will normally be voluntary, so they must
compete for the learner’s attention. To secure this, the
authors must provide material that is pitched at a level
commensurate with existing knowledge and relevant to
the learning needs identified by the curriculum. A good
session will highlight the learning objectives it will
address and any prior learning that is required (Figure 2).
The quality of the subsequent learning experience will
then be influenced by the factual accuracy of the content,
the clarity of the text and layout (instructional design),
how well the illustrations complement the text and facili-
tate understanding (graphic design), the amount of inter-
activity and the ease of navigation (Figure3). The
temptation to use all the possibilities of modern comput-
ing should be avoided as the novelty soon wears off and
gratuitous use of multimedia can distract attention. In
addition to the learning content, sessions should also
contain ‘knowledge checks’ that ensure learners are
acquiring important knowledge (e.g. pharmacokinetic

Br | Clin Pharmacol / 74:4 / 625
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. Pharmacokinetics I — Introduction to pharmacokinetics

Learning objectives

= e

Learning objectives
By the end of this session you will be able to:

« Define the term pharmacokinetics
« Describe the four phases of pharmacokinetics

« Explain why an understanding of pharmacokinetics is relevant
to prescribers

Prerequisites
Before commencing this session you should have:

= An understanding of basic physiological concepts, including
cells and membranes, body compartments, lipid and water
solubility, and the functions of the liver, kidney and the
cardiovascular system

« Completed the related Prescribe sessions in the module
Principles of Clinical Pharmacology/Pharmacodynamics

2 Contents
Principles of _
Introduction v

A ‘What is 'pharmacokineties'? v
ir ‘What are the four phases of a
pharmacokinetics?

adverse v
drug devel
drug i
formu

Drug residence following a single
dose

Knowledge check 1

Absorption
monito

Response

Knowledge check 2
Distribution
Knowledge check 3

pharmacodynam
clinical trials

ethics :

Metabolism

Knowledge check 4
Excretion
Knowledge check 5

‘What patient factors affect v
pharmacokineti

‘Why is an understanding of
pharmacokinetics relevant to
prescribers?

Case study 1 v

Summary v

8PS Prescribe - Principles of Clinical Pharmacology

Ca

Figure 2

The beginning of a learning session in Prescribe. Note the clearly stated learning objectives and prerequisites, the simple navigation buttons and drop down
menu allowing learners to navigate easily around the session and return to specific pages, the regular knowledge checks to assess uptake of the content,
the case study to contextualize the learning and the feedback button allowing learners to provide page-specific feedback

handling of a drug), and case studies that allow them to
use that knowledge to solve simulated clinical problems
(e.g.identifying the likely cause of an adverse drug reac-
tion). Sessions will normally end with a summary of key
learning points and links to further learning activities.
Finally, a valuable part of any e-Learning system is a
simple way for learners to provide feedback; it fosters
learner engagement and quickly identifies weaknesses
and opportunities for improvement. The end result
should ideally be a learning environment that users want
to (rather than have to) access.

Other areas of interactive e-Learning content to
support prescribing might be:

« Student formulary. The use of a student formulary has
been advocated as a means of trying to focus learning
around a core list of 80 to 100 drugs that are in common
use and might act as exemplars for other drugs [12-14].
The intention is to avoid information overload and set
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realistic goals for students. While this list might be pre-
sented as a simple list of drugs, the concept offers oppor-
tunities to provide an interactive e-Learning tool [15].
Rather than a simple factual list the formulary entries
might include information written with learners in mind,
reinforcing common pharmacological principles where
possible and linking to other resources. Its purpose is to
support learning rather than be a reference resource for
prescribing. In keeping with the principles of the WHO
curriculum, students might be encouraged actively to
develop their own formulary of personal or ‘P-drugs’ as
the course progresses [16]. Students might also take
responsibility for making amendments, allowing the for-
mulary to serve as a wiki.

Prescribing skills. Practical prescribing skills have tradition-
ally been learnt in an ad hoc way during clinical attach-
ments but it is evident from recent surveys that this
approach has, in some cases, provided very little or poor
quality experience [3, 5-7]. The gap between student
apprentice prescribing and early postgraduate prescrib-
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‘What are agonists and antagonists? P Antagonists

As already seen, an agonist is a ligand that binds to a receptor and
produces a conformational change that initiates an intracellular signal
(Fig 12).

An antagonist is a ligand that binds to a receptor but does not
produce the conformational change that initiates an intracellular
signal. Occupation of the receptor by an antagonist prevents the
binding of any other ligand and so 'antagonises' the biological
response to the agonist.

Competitive antagonists (Fig 13) bind to the same site on the
receptor as the agonist with which they are competing (Fig 14). The
inhibition (reduction in response to the agonist) they produce can be
overcome by increasing the dose of the agonist.

Non-competitive antagonists (Fig 15) inhibit the receptor activity
by binding to a different part of the receptor or associated pathway
from the agonist (Fig 16). Simply increasing the dose of the agonist
cannot overcome their effects and so the maximum response to the
agonist (its 'efficacy') is reduced.

Intracellular

Intracellular
signal cascade

Biological effect

Fig 14 The competitive antagonist competes with the agonist for
receptor occupancy and prevents it from producing a full biological
response (unless the agonist concentration is greatly increased to
overcome the competition).

aps Prescribe - Principles of Clinical Pharmacology ’3.....
ra

Figure 3

A content page from a Prescribe learning page. e-Learning content pages should avoid overload with factual information and be supplemented with simple
illustrations or animations that make potentially complicated scientific principles accessible to the learner

ing is still far too great. e-Learning provides the potential
to ease this transition and provide more of the ‘learning
curve’ within the undergraduate curriculum. There are
now some programmes available that allow prescriptions
to be written in a virtual environment with rapid scoring
and feedback provided (Figure 4). The fidelity of these
simulations is likely to improve and they have the
advantages of requiring no specific organization of the
clinical environment and posing no potential risk to
patients.

* Calculation skills. The ability to perform calculations is
important for only a minority of prescriptions but the
consequences of error can be particularly serious.On-line
practice is easy to deliver and has been shown to be a
valuable tool for improving dose calculation skills [17].

« Other skills. On-line environments might offer the oppor-
tunity to practise filling in common documentation
related to medicines, including Yellow Card reports and
medication error reports. It is also possible to present pre-
scription charts for review or data requiring interpreta-
tion (e.g. paracetamol concentrations).

« Self-assessment. Students value self-assessment highly
and we advocate including 'knowledge checks’ in all
on-line learning sessions as a means of keeping their
attention. However, it is also helpful to pose formative
self-assessment exercises with feedback as a means of
checking comprehension as well as recall; this directs and
reinforces learning as well as allowing students and
teachers to assess progression [18].

* Discussion boards. Discussion boards or chat rooms are a
simple means of tackling learner misperceptions for the
benefit of all, as well as stimulating active discussion and
collaborative exploration of learning topics. They also
help educators to reflect on and improve their own
teaching.

An e-Learning programme to support prescribing might
also contain other less interactive resources that would
support the overall learning programme. These include:

« Streamed lectures, tutorials and podcasts. These might
be events provided by the host institution or those

Br | Clin Pharmacol / 74:4 | 627
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bnf.org [EH

Home | About | My Account | Contact Us | Log off

Clinical information
¥ Case Presentation

A 77-year-old lady presents to the medical assessment unit
complaining of shortness of breath and swollen legs. These
symptoms had been gradually increasing over the last 2 weeks.
She has been having difficulty sleeping and sat up in a chair all of
last night, calling her doctor this morning. PMH. She has known
ischaemic heart disease and chronic heart failure, both of which
are normally well controlled. DH. She normally takes ramipril 10
mg daily, digoxin 62.5 micrograms daily, isosorbide mononitrate
60 mg daily, simvastatin 40 mg at night, and aspirin 75 mg
daily. The admitting team have already started an intravenous
infusion of glyceryl trinitrate.

¥ On Examination

She is alert and orientated. Temperature 36.7°C, HR 105/min
and regular BP 110/70 mmHg, JVP elevated at 6 cm, HS -
normal plus third heart sound. O2 sat 93% on air, RR 30/min,
chest auscultation reveals fine inspiratory crackles in both lower
and mid zones and dullness to percussion both bases. Bilateral
swollen legs with pitting oedema to knees.

¥ Investigations

Na 143 mmol/l (137-145), K 4.9 mmol/l (3.5-4.9), U 8.4 mmol/I
(2.5-7.0), Cr 147 pmol/l (60-110). The ECG shows sinus rhythm
and left bundle branch block. The CXR shows bilateral shadowing
in both lower zones of the lungs.

Figure 4

_Prescribing request

S Write a prescription for ONE drug that will help to treat her
breathlessness and fluid overload onto the prescription chart

below.

A signature has been

entered. 1 mark.
| ONCE ONLY |
Drug Prescriber’s
(Approved Name) Dose Rouw Signature
19/11,| 16:30 | furosemide 40 mg | ORAL |5Maxwe|l
4] T

'You have chosen a
sub-optimal dose and route.
2 marks.

You have chosen an
optimal drug. 4 marks.

[Feedback: . 8 o Wb st O e O

Furosemide is an optimal drug choice. The patient
has acute pulmonary oedema and is severely
hypoxic. The only therapy with sufficient efficacy
and speed will be a parenteral loop diuretic.

This is an optimal dose but an inappropriate route.

A simulated prescribing exercise with feedback. Learners are presented with clinical information and a clear prescribing request. After entering and

submitting a prescription they are given a score and targeted feedback

produced by others. It is also possible to use modern
technologies to provide live broadcasts of lectures or
‘face-to-face’ tutorials.

* Resources. This might include a library containing materi-
als such as guideline documents, papers, slides and hand-
outs supporting the teaching programme.

* Glossary. This might comprise a list of definitions of key
terms relevant to prescribing.

* Links to other materials. Hyperlinks to other materials that
provide the background to learning with a brief descrip-
tion to alert the learner to their utility. These might
include national and local formularies, drug databases
and other e-Learning materials.

Where does e-Learning fit into the
wider learning programme?

We believe that, although e-Learning has an important
contribution to make to prescribing education, it should
form part of a blended learning solution that also includes
lectures and tutorials, as well as many hours spent in clini-
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cal environments where real prescriptions are written and
reviewed. e-Learning can provide excellent background
preparation but all trainee prescribers should have regular
experience of making prescribing decisions based on real
clinical encounters and writing prescriptions using rel-
evant documentation.They should also take all opportuni-
ties to review and reflect on prescriptions for medicines
that patients are already taking.

Itis obvious that the scale of an e-Learning programme
should not be out of proportion to the time available or
the overall curriculum content. Learners are already over-
loaded by access to numerous large educational resources.
The essence of a good programme is provision of a coher-
ent, manageable, stimulating and realistic experience that
is tied to the curriculum learning outcomes.

What examples of e-Learning for
prescribers exist?

The pressing need for more support for education in clini-
cal pharmacology and prescribing, combined with techno-
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Examples of e-Learning resources relevant to clinical pharmacology and prescribing

e-Learning Programme

Interactive Pharmacology
University of Otago
Christchurch, New Zealand
http://www.icp.org.nz

National Prescribing Curriculum
National Prescribing Service
Australia
http://www.nps.org.au

P-scribe

Collaboration of Dutch Universities

Netherlands

http://www.pscribe.nl

Prescribe - e-Learning for Clinical Pharmacology
& Prescribing

British Pharmacological Society

United Kingdom

http://www.prescribe.ac.uk

SCRIPT — Standard Computerized Revalidation
Instrument for Prescribing and Therapeutics

Description

A series of highly interactive animations exploring various
principles of clinical pharmacology.

A series of case-based modules that mirror the
decision-making process outlined in the WHO Guide to
Good Prescribing. There is an emphasis on empowering
learners to build their own formulary of preferred drugs
for specific conditions, enabling them to prescribe
confidently and rationally.

An e-Learning programme to test knowledge and skills in
pharmacotherapeutic reasoning. Based on the WHO
Guide to Good Prescribing and helping learners to
practise the principles of rational prescribing.

A mixture of interactive learning sessions concerning the
principles of clinical pharmacology, a student formulary,
library, glossary and links to other learning materials.

Seven groups of modules containing interactive videos and
graphics, and clinical case exercises to test knowledge

Comments

Target audience: all learners with an interest in
understanding concepts in clinical pharmacology.

Target audience: final year medical students in Australia.

Target audience: medical students and students of other
healthcare professions.

Target audience: medical students and students of other
healthcare professions in the UK.

Target audience: junior medical trainees and medical
students in the West Midlands region.

West Midlands Deanery
United Kingdom
http://www.safeprescriber.org

Database
Leiden University Medical Centre
the Netherlands
http://coo.lumc.nl/TRC

and skills relating to safe prescribing.

Therapeutics Resource Centre (TRC) Pharmacology A teaching website containing an extensive list of
well-illustrated summaries explaining the pathophysiology
of common clinical conditions and the mechanisms of
action of drugs commonly used to treat them.

Target audience: medical students and students of other
healthcare professions.

logical advances and the growth of the Internet, has led to
the creation of several e-Learning collections. These cover
various aspects of pharmacology, clinical pharmacology
and preparation for prescribing and some are listed in
Table 4.

Will e-Learning deliver better
prescribers?

The major potential investment of resource requires us
consider whether e-Learning is an effective educational
strategy. Evaluation can be conveniently divided into two
basic domains: the quality of the e-Learning experience
and the outcomes that it produces. The former is a more
subjective judgement made on the basis of the academic
credibility of the content, its layout and relevance to
the intended learning outcomes, the quality assurance, the
ease of navigation, the use of multimedia elements, the
interactivity of the experience, the requirements for com-
puting skills or specific software and the accessibility of the
content for the intended user groups. These parameters
can be judged by academic experts (e.g. clinical pharma-
cologists), who will focus on the validity of the content, but

also by learners (e.g. medical students), who will be more
interested in the learning experience and accessibility.
However, the subjective satisfaction of either group is not a
guarantee of successful learning. A course may be full of
excellent content but be rated poorly by users. Conversely,
a course that is highly entertaining in its use of interactive
graphics but superficial in its content may be rated highly.

e-Learning might be judged more objectively by exam-
ining the outcomes in terms of knowledge acquisition (e.g.
drugs), skills (e.g. ability to write a prescription) and atti-
tudes or behaviours that it produces. These can be
assessed within the content and by other self-assessment
exercises that are placed within the LMS. However, these
assessments tend to focus on short term gains and are
often not externally valid in the workplace.The true test of
any educational resource in CPT or prescribing will be
whether its benefits translate into fewer adverse drug reac-
tions and prescribing errors and better patient outcomes.
Unfortunately, it will be difficult to deliver this evidence
because any study would be time consuming, costly and
complicated. The numerous confounding factors in real-
life practice and the complexity of identifying and judging
the endpoints have tended to restrict evaluations to short
term follow-up in controlled conditions. The increasing
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move to electronic prescribing in hospitals will make it
easier in the future to follow learners from the educational
to the clinical environment.

There are some theoretical reasons for optimism. Good
e-Learning supports‘adult learning theory’[19], which sug-
gests that effective learning is an active experience requir-
ing motivation, organization, self-direction and interaction,
and one that should be focused upon the active learner
rather than the teacher. Active learners will engage more
effectively with the content and maintain their interest and
motivation [20]. e-Learners have been shown to have
retention rates at least equivalent to traditional learners
and the process itself is more cost-effective [21, 22]. A
recent survey suggested that around half of UK medical
schools currently employ an identifiable e-Learning strat-
egy to support prescribing education [23]. We believe that
more will take advantage of this mode of learning in the
future with uptake being supported by the emergence of a
coupled online assessment in the form of the new national
Prescribing Skills Assessment [18].

How will e-Learning be used in the
future?

We believe that the influence of e-Learning will continue to
grow because of the increasingly crowded curriculum and
the progressively improving virtual reality environment,
and that it will revolutionize the preparation of under-
graduates to become prescribers because of its cost-
effectiveness (if done on a collaborative national scale).
However, compared with traditional education, e-Learning
requires a different set of teaching competencies (teachers
function as facilitators of learning rather than lecturers)
and institutions need to foster these. In our experience,
writing a good e-Learning session takes many more hours
of endeavour and planning than creating a traditional
lecture and draws on many more skills. The commitment
to e-Learning will need to be recognized and rewarded
as scholarship within academia. This might be through
publication of e-Learning materials in a national on-line
peer-reviewed repository, user feedback, peer-reviewed
publications and membership of learned groupings.
e-Learning will increasingly deliver an individualized
educational experience (adaptive learning) [24] rather
than the extremes of one-size fits all or totally self-directed
learning. The learning environment will be able to track
performance (e.g. prescribing in renal impairment) and
provide personalized learning content that matches it.
Each learner will have a unique learning experience that
identifies their needs and uses their time most efficiently.
e-Learning will also provide greater opportunities to
create networks of learners (collaborative learning) using
technologies such as weblogs, message boards, chats,
e-mail and teleconferencing [25]. These will have advan-
tages as medical education is moved further from aca-
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demic centres towards primary care and will empower
education in more disadvantaged countries.

Advances in computer technology will increasingly
allow more sophisticated virtual environments to be made
available on standard personal computers [26]. Such tech-
nologies are already delivering popular online games (e.g.
Second Life) and will, in the future, provide high-fidelity
simulations of patient encounters in clinical practice [27],
including prescribing.

Conclusions

Educating medical students to prescribe safely and effec-
tively is a major challenge in modern medical education.
Clinical pharmacology, the traditional discipline underpin-
ning rational prescribing, is less visible in some curricula
and training to prescribe and supervise medicines use is
suboptimal. e-Learning has the potential to address some
of these issues, especially when combined with traditional
teacher-led activities.e-Learning may have a particular role
in explaining complicated concepts in clinical pharmacol-
ogy, improving knowledge via student formularies,
enhancing therapeutic decision making and providing
simulated prescribing exercises. Although the initial invest-
ment is significant, if done collaboratively it should be cost-
effective, stimulating and highly appreciated by students.
There remain unanswered questions about the effective-
ness of e-Learning in prescribing education and these
must await further evaluation.
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