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Introduction: definition,
history and basic principles
of e-learning

The term ‘“e-learning” is a comprehensive
concept that involves the use of all kinds of
electronic media and information and com-
munication technology in education. The
broad concept of e-learning in general
includes the implementation of all kinds of
educational technology in learning and teach-
ing procedures, including online learning and
computer-delivered instructions.

The foundations of modern e-learning
were laid down in 1953-1956 by Burrhus
Frederic Skinner (fig. 1) who developed the
radical behaviourism theory. Skinner invented
the operant conditioning chamber and con-
structed the first teaching machine which
simply presented problems in random order
to the learner and gave feedback after each
response. In the following years, he
developed early computer-based training
(CBT) programmes that followed the idea of
"programmed instruction" [1], in which
material was carefully sequenced in small
parts to build a systematic process of des-
criptions, questions and answers. Skinner’s
early teaching machines had substantial
limitations. For example, while learners were

DOI: 10.1183/20734735.008814

rewarded for correct responses, they received
no feedback or explanation when their
responses were incorrect.

In 1960, Norman Crowder tried to solve
this problem with a technique called "intrinsic
programming”. The basic principle of this
approach was that the learner’s responses
determined which material was subsequently
presented. At the end of each section, a
multiple-choice question was presented to

Figure 1
B.F. Skinner: an early pioneer of e-learning. Image:
Silly rabbit, Wikimedia Commons under CC BY-3.0.
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the learner and each choice was linked to
another section. If the learner’s response was
correct, new material was presented. If it was
incorrect, review or reinforcement material
was presented [2]. Another early computer-
assisted instruction system called PLATO
(Programmed Logic for Automated Teaching
Operation) was developed in 1960 at the
University of Illinois (Champaign, IL, USA).
The "PLATO compiler" allowed the devel-
opment of various forms of "teaching logic"
and was the first authoring system for devel-
oping computer-based lessons and courses [3].

In the middle of the 1990s, the growth of
the internet opened new e-learning possibil-
ities. Web-based training (WBT) became the
dominant branch of e-learning. The major
advantage of web-based training compared
with computer-based training is the central-
ised content distribution, which reduces the
costs and allows easy updating of the
material. Several other factors supported the
spread of e-learning in the new century,
including the wide availability of computers
and portable devices (including smartphones
and tablets), the familiarisation of teachers
with information and communication tech-
nology, the increased technological expecta-
tions of learners and the wide spectrum of
educational opportunities, including multime-
dia presentations and simulation activities [4].

e-Learning methodologies

There are two major branches of e-learning:
self-directed and instructor-led e-learning.
Self-directed e-learning involves learners
who manage their educational activity inde-
pendently, while instructor-led e-learning
provides different levels of support from
teachers or tutors and often allows collabor-
ation among learners. The advantage of self-
directed learning is that it allows learners to
work at their own pace and choose their
learning paths based on their personal needs
and preferences. An instructor-led approach
is usually based on a linear curriculum that
integrates the activities into a chronological
course or a syllabus.

Regarding the timing of information
exchange, e-Learning can be synchronous or
asynchronous. The advantage of synchronous e-
learning is the ability to exchange information in
real time among broader groups of people and
the opportunity to provide immediate feedback
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in a collaborative manner. Asynchronous e-
learning provides the opportunity for learners
to use the platform at their own chosen time.
The asynchronous approach is less collaborat-
ive but may prove convenient in medicine, as
clinical responsibilities of busy clinicians often
do not allow them to follow strict timelines.

Instructor-led e-learning is often organ-
ised with synchronous activities using webi-
nars or virtual classrooms. This approach
more closely resembles traditional classroom
learning and, in this case, the shared
environment allows instructors and multiple
learners to collaborate and discuss in real
time. There are a growing number of texts
outlining the potential benefits of web-based
training and the use of multimedia [5, 6], but
there are only a few reported studies that
address synchronous e-learning programmes
in medical education [7].

Several terms have been used to describe
distinctive roles in e-learning activities [8].
The majority of these roles need to be
identified in each successful activity (see box).

A crucial issue in the e-learning process is
the matching of the content that is provided
online with the involvement of the partici-
pants. An attractive and easy-to-navigate
environment in combination with effective
guidance is crucial to this process. This is
extremely important in activities directly
related to the provision of certificates and
CME/CPD credits. It is always important to
bear in mind that learners are not always
familiar with the specific process and con-
stant support should be available.

Online teaching

A central role in e-learning procedures is that
of the individual(s) who guide and focus the
learning activities to the specific targets that
need to be accomplished by the learners. The
availability of information technology tools
alone does not automatically turn students
into effective learners. Modern e-learning
requires competent and actively involved
online teachers and instructors who will be
able to achieve engaging and learner-centred
activities, and encourage interaction, collab-
oration and communication [8, 9].

While in-classroom teaching with face-to-
face communication allows clear understanding
between teachers and learners, such direct
communication is typically unavailable with
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Key terms in e-learning

e-Learner

This refers to any individual involved in learning activities online. The e-learner is, in general, more independent than
the traditional face-to-face learner and may be involved in only selected parts of the activity. The feedback to the rest of
the community may be provided by all the modern means of electronic interaction, including e-mail, social networking or
peer-to-peer communication.

e-Teacher

The e-teacher is the person responsible for the development of the content and the supervision of the learning activity.
In contrast with the teaching skills required for a "traditional" teaching role, there is an increased need for this person to
have special information and communication technology skills. There is also a need for long-term engagement, due to
the fact that e-learning activities are often valid for a long time after they are launched. There are significant issues that
need to be addressed, including difficulties in the recognition and reimbursement of the time invested in such activities.

e-Technologist

The involvement of qualified professionals is central for the design, facilitation and support of e-learning activities.
Besides their role in the technical part of the development of the activity, they need to be able to effectively balance what
is desired by the e-teacher and what is technologically feasible.

e-Logistics and administration

Several important issues, including financing and timetabling, need to be addressed for each successful activity. The
administrative role in e-learning begins with the tracking of learners’ involvement and involves additional quality
assurance and audit issues.

e-Assessment

The e-learners’ performance needs to be formally assessed, both during and at the end of the course. This part also
involves the provision of certificates and continuous medical education (CME) or continuous professional development
(CPD) credits. e-Assessment may involve traditional methods (e.g. multiple-choice questions) or more comprehensive
methods (e.g. virtual patient cases or performance in medical simulators). An important issue in this process is the
verification of the actual participation of the person(s) involved in the activity.

e-Community support

e-Community support involves the dissemination of information and knowledge and is made possible with a broad
community of learners. This may involve social networking, blogging or file sharing and may speed-up the learners’
involvement in the medical community. It is important that security and copyright issues are clarified for this activity.

e-learning. This teacher/instructor—learner rela-
tionship has to be carefully mediated by
technology throughout the process of teaching
and learning [10]. Technology cannot always
substitute for physical guidance in making
learners achieve learning outcomes. There is a
vast set of online technologies that can be used
to enhance online teaching in medical edu-
cation. However, the implementation of infor-
mation technology needs to be based on sound
educational approaches. Theories of adult learn-
ing applied in face-to-face settings can also be
applied in online teaching with some adaptation
inherent to the online teaching context [9].
Three key factors have been described for
achieving successful e-learning [11]:

1. Fostering learner engagement

® An attractive online interface is an import-
ant aspect of the e-teaching/e-learning
process, as it represents the first interaction

that is provided to the learners. It is of
critical importance not to overload the
senses of learners with useless artefacts,
in order to avoid distraction from the
learning procedure.

A primary goal in the attempt to ensure
engagement of the people involved in an
e-learning activity is to create a community
of learners. This is typically relevant to
medical education, as the purpose of
medical teaching is not only supporting
learners to take their place in the workforce
(the "Does" on Miller's Pyramid of Clinical
Competence [12]) but also to be part of the
medical community [10]. It is essential to
facilitate knowledge exchange between
peers and also between learners and
teachers. The aim is to provide access to
diverse resources and stimulate know-
ledge creation by the community.
Another principle relevant to medical
education is based on the behaviourist
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approach [13]. Learning objectives and
outcomes should be stated clearly from
the beginning, together with the methods
to be used in order to achieve these goals
as well as the prerequisites. Learning
outcomes can again be refined using
Miller's pyramid. This helps the learner
step efficiently from the uncertainty zone
to the learning process.

® Finally, the e-learning environment should
be flexible in order to allow for person-
alised use. Learners have different learning
styles and different ways to interact with
content. Hence, resources should be made
available in different formats in order to
adapt to the individual styles and needs.

2. Stimulating intellectual development

Medical education involves not only know-
ledge but also skills and attitudes. This starts
with a careful investigation of the background
of the target group, followed by proper
stimulation of the individual involvement.
Useful assets of this process include:

® Setting and targeting specific tasks that
stimulate the learning process. Tasks
should be designed with the presumption
that the learner is not tabula rasa (i.e. not
coming from a position of complete
ignorance) [10] but instead has a signifi-
cant background of basic knowledge.
Teachers should pay attention to move
gradually from simpler to more complex
tasks by bridging between new and exist-
ing knowledge, at least at the beginning of
the process.

® Development of a "natural" clinical learn-
ing environment, including case-based
learning that is typically more relevant to
medical education, may stimulate learners
by involving them in "real-life" patient
scenarios [10]. Doctors can then connect
the activity to their previous clinical experi-
ence and apply the content in their practice.
In medical education, reflection is critical.
The e-teacher could use online tools to
make learners search, reflect on clinical
practice and discuss results with peers [14].

®* An online assessment system is para-
mount for the learning process. Contin-
uous assessment will define the style to be
adopted by learners: surface learning or
deep and profound learning including
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reasoning and reflection [7]. In medical
education, learners should both be able to
recall facts, but also understand the com-
plexity and to apply the obtained knowledge
in different settings while adopting the right
attitudes. In that sense, it is imperative to
apply the basic principle that "assessment
drives learning" [10].

3. Building rapport with learners

Personal contact between the teacher and
each individual learner is an important task
for online teachers to create a social pres-
ence. One way to establish personal relation-
ships can be by sharing personal experiences
or by the use of humour or emoticons.

New developments and
trends

During the past few years a variety of new
developments and trends has been imple-
mented in e-learning activities:

Blended learning

Blended learning is an important trend for
distance learning, involving a mixture of
traditional face-to-face and e-learning activ-
ities, in which the online portion serves as an
extension of traditional classroom learning.
However, several other definitions of blended
learning have been used, including a mixture
of instructional technologies (e.g. virtual
classroom, self-paced instruction, collaborat-
ive learning, streaming video, audio and text),
or as a combination of various pedagogical
approaches, including constructivism, behav-
iourism or cognitivism.

Mobile learning

Mobile learning addresses the increasing cap-
abilities of mobile electronic devices, i.e. smart-
phones and tablets. The objective of mobile
learning is to provide access to education to the
individual user anywhere and at any time.

Microlearning

Microlearning is a recent trend in social
learning which breaks up the educational
content into small units that can be quickly




completed. Microlearning is often based on
quiz questions and flash cards that can be
used either individually or as parts of a
broader educational concept.

Social learning

The social learning theory by Albert Bandura
(fig. 2), goes back to the 1970s, stating that
behaviour is learned primarily by observing
and imitating others. This type of learning
can be covered in today’s e-learning through
the use of information exchange via social
media channels like Twitter or Facebook.

Simulators

Simulation-based e-learning requires the learn-
er to respond to simulated situations as they
would do in in real life. Simulation-based
education can be delivered in medicine in a
variety of formats, including virtual patients,
computer-based physiology simulators or
advanced technology simulators (e.g. ventila-
tors or pulmonary function testing equipment
in respiratory medicine).

Gamification

Gamification is most often defined as the use
of gameplay mechanisms in the educational
process to pro-actively engage the learners.
The gamification strategy often uses rewards
for learners who accomplish desired tasks or
motivates competition between learners.

Personalised learning
environments

Personal learning environments (PLE) refer to
a set of tools and spaces defined by the user
in order to make the best of his/her individual
educational experience. This definition is
similar to the one stated by the non-profit
e-learning advocacy association EDUCAUSE
(2009): "The term personal learning envir-
onment (PLE) describes the tools, communit-
ies, and services that constitute the individual
educational platforms learners use to direct
their own learning and pursue educational
goals" [15].

Is PLE a system, a set of technological
software or a concept? Several theoretical
approaches try to delimit the conceptual
framework of such a new paradigm. Some
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Figure 2

Albert Bandura: his social learning theory stated that
behaviour is learned through observation and imita-
tion. Image: Albert Bandura, Wikimedia Commons
under CC BY-SA 4.o0.

of these define it as an idea that integrates
what is now occurring in the field of learning/
education and new approaches to learning,
lifelong learning and learning styles. This was
highlighted by ATTwWELL [16]: "Important con-
cepts in PLEs include the integration of both
formal and informal learning episodes into a
single experience, the use of social networks
that can cross institutional boundaries and
the use of networking protocols (peer-to-peer,
web services, syndication) to connect a range
of resources and systems within a personally-
managed space". The idea behind a PLE
involves a paradigm shift from a teacher-
centred to a learner-centred approach, in
which learning tools and environment are
controlled by the user. Similarly, DREXLER [17]
and VAUATAGA and LAANPERE [18] define the
development of PLEs as a learning process
and outcome constructed and driven by
learners.

Features of the PLE

During the last decade, virtual learning
environments, such as learning management
systems (LMS), have played a prominent role
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in e-learning schemes. On these types of
platforms, the teacher plays an important role
in the teaching/learning process. The LMS
provides the tools needed to perform the
tasks, but this therefore limits the function-
ality to distributing learning units, controlling
content, providing assessments and tracking
learning [19]. A PLE is a typical response to
the expansion of learning needs and net-
worked information technologies. Coupled
with the development of a new era of web
services and tools, ubiquitous computing and
social software, the learning process is
supposed to be driven by the user within an
environment designed for such a purpose.
"The most compelling argument for the PLE
is to develop educational technology which
can respond to the way people are using
technology for learning and which allows
them to shape their own learning spaces, to
form and join communities, and to create,
consume, remix and share material" [20].

e-Portfolios

Personalised e-learning achievements may
then be included in the individual's
e-Portfolio. An e-Portfolio can be defined as:
"...a purposeful aggregation of digital items
[ideas, evidence, reflections, feedback etc.]
which ‘presents’ a selected audience with
evidence of a person’s learning and/or ability"
[21]. Driven not only by legal processes of
revalidation and recertification but also by
self-regulation considerations, medical doc-
tors will have to demonstrate continuous

Figure 3

Topics

The ERS e-Learning Resources home page at www.ers-education.org
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ability in their field of practice. Moreover,
medical practice is challenged to evolve
towards a competency-based approach to
learning where skills and attitudes, in addi-
tion to knowledge, will play a prominent role.
Simultaneously, assessment strategies and
methods are now developed to track learners’
abilities in different context settings and over
various periods of time [22, 23]. In this
context, e-portfolios can be a robust tool to
record evidence of achievements, develop-
ments and reflections on practice by storing
them in a private space and showing them
when needed. Another argument for e-port-
folios is that paper-based portfolios are
gradually being replaced by digital portfolios
thanks to the hyper-linking features that make
it easy to connect and navigate between the
components of e-portfolios. In a similar way,
aggregation of information and customisa-
tion of viewing is accessible within a few
clicks.

ERS e-Learning Resources
and possible applications

ERS has recently developed in the Learning
Resources website (fig. 3; available at www.
ers-education.org) a dedicated space called
My Learning Resources. Upon login, ERS
Members have access to an individual page
where they can configure their related fields
of interest and get resources based on their
profile. The space includes a certain number
of services such as new content, bookmarks,
upcoming courses and browser history. The
content includes a wide variety of types of
information in the broad area of respiratory
medicine, in various formats in a user-friendly
interface. Alongside the popular sections of
congress and meetings material, guidelines,
procedure videos and case reports, a new
section of simulators has recently been added
to expand the content of the ERS e-Learning
Resources (fig. 4).

This configuration will be enriched with a
PLE based on digital tools and services that
could be beneficial for members in their daily
learning activities, professional development,
publications and peer review activities. This
centralised environment has to be task based
and carefully studied in a way to respond to
and anticipate an individual user’s needs and
not only be populated with useless generic
tools. Collaborative construction of knowledge,
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Figure 4
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Simulated noninvasive ventilation treatment on the ERS e-Learning website.

collective critical thinking and metacognition
should be particularly encouraged, as learning
cannot be disconnected from its social com-
ponent [24].

A possible item that could be added to
such a dashboard is tools to collaborate in
Respipedia, the upcoming ERS respiratory
wiki. Additionally, a robust and versatile
learning management system is also needed
in order to design and manage learning
processes and assessments. The cornerstone
of this environment is the developing ERS
e-Portfolio, a personalised approach that will
allow ERS members to record, keep track and
organise learning activities and achieve-
ments, store CME credits and certificates,
and display them properly to third parties for
professional development needs.

Conclusions and future
prospects
In the past few years, e-learning has changed

the way we look at medical training, based on
both the acquisition of knowledge and the

development of new skills. The development
of new technologies and novel portable
multimedia devices has led to a rapidly
expanding area that provides learners with
multiple different choices. The most import-
ant asset of modern e-learning is the fact that
it allows the individual users to tailor the
learning experience to their personal edu-
cational needs in a practical manner with
significant flexibility to their time availability;
time is the largest deficit of the busy
clinicians of modern medicine. In that sense,
a simple, comprehensive and consistent
environment is required for the provision of
high standards and, at the same time, a cost-
and time-effective educational experience.
The modern way to do this is through a
user-friendly e-portfolio that can both orga-
nise and plan e-learning activities and also
collect the accomplished learning tasks in a
manner that can be easily retrievable and
ready to demonstrate to all interested parties.
The current rise in e-learning’s popularity is
expected to expand further and ERS is
certainly on track to facilitate continued
education in the respiratory field.

]
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