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ABSTRACT

E-simulation involves goal-based role play using digital simulations that take place via a computer screen. Learners interact
with the program via multi-media applications such as animation and video, graphics, sound, vision, and text through the use of
advanced Web authoring tools. When the simulation is Web-based (via a remote server), this allows data collection and real-time
feedback. We aimed to explore how the Internet has been utilized for the purposes of e-simulation in healthcare education. We
describe published resources focusing on pre-registration education for undergraduate nursing and medicine students. Many
studies in these domains have developed e-simulation as components of research, but we identified only four that were openly
accessible (without fees). We describe four Web-based simulation programs that will benefit learners through better understanding
of cardiopulmonary resuscitation; patient deterioration recognition and management; communication with the mentally ill; and
knowledge of cultural competence. These programs have the advantage of being available across borders and are accessible to a
broad audience wherever there is adequate Internet access. The approach appears to be highly acceptable to learners and offers
the opportunity for repeated practice. The time is right for greater distribution and sharing of Web-based simulation resources
for teaching in both undergraduate and at professional levels. Web-based simulation programs are a valuable resource that can
be used in combination with traditional forms of laboratory and classroom teaching, in order to facilitate the development of
students’ clinical competence.
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1. INTRODUCTION

Evidence accumulated over the last decade supports the use
of the simulated learning environment (SLE) as an effective
teaching strategy in healthcare education.[1] The SLE aims
to replicate real life in a ward-like environment. Simula-
tion studies describe this as a safe and controlled learning
environment that can improve students’ knowledge, skills,
critical thinking, and/or their competence or confidence.[1–7]

Learning during simulation is also influenced by fidelity:
the extent to which a simulation experience is perceived as
real-world by the learner.

One driver of the increasing use of SLEs internationally is an
escalation in the number of healthcare students who require
clinical placement experience, especially in medicine and
in nursing. In nursing, simulation education may replace a
proportion of hours of clinical practice[8] and many forms
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of simulation now make up curricula.[5] To date, simula-
tion approaches have predominantly been face-to-face, with
learners participating individually or in groups in laboratory-
based settings with simulated human patients, or manikins.
Internationally, investment in simulation laboratories and the
required technical equipment (such as task trainers, com-
puterized whole-body mannequins) and staff training, has
been substantial. This implies that simulation strategies will

be used more commonly in disciplines such as nursing and
medicine in the future.

Technology-enhanced simulation (e-simulation) is an emerg-
ing teaching and learning strategy that extends the reach of
traditional face-to-face simulation in a laboratory (see Table
1).[9] This is made possible through advances in information
technology, faster Internet speeds, and increased accessibility
for computer-based scholarly communication.

Table 1. E-simulation involves interactive learning
 

 

E-simulation:  
Goal-based role-play using digital simulations that take place via a computer screen. Multi-media applications are used that can 
include text, graphics, sound, vision, colour, animation and video. This type of program can be accessed via a DVD, CD-ROM or 
local server- or on the Internet.  

Web-based simulation:  
An e-simulation program hosted on the Worldwide Web. This has potential for greater interactivity, as Web authoring tools allow 
data collection through recording of mouse “clicks”. Real-time feedback can be given to the learner about their action choices and 
test scores/outcomes. 

 

In this paper, we explore how the Internet has been utilized
for the purposes of e-simulation in healthcare education.
In particular, we describe published resources focusing on
pre-registration education for undergraduate nursing and/or
medicine students – as the majority of simulation research
is known to be conducted in these domains.[1, 10, 11] Multi-
ple searches were made of healthcare databases to February
2015-which revealed very little research. Web-based simula-
tion and e-simulation are very uncommon terms in the schol-
arly literature and interactive programs in these categories
were only identified from collegial links with academics,
searches of reference lists of medical and nursing publica-
tions, and through searches of Google and via ResearchGate
database. We decided to use a narrative style to describe
the limited findings. We answer the question: “Is the time
right for Web-based simulation?” – with the inference that
Web-based simulation could be an effective contemporary
approach to healthcare education when resources are shared.

1.1 Defining e-simulation

E-simulation involves learners in goal-based role-play using
digital simulations that take place via a computer screen.[12]

(see Figure 1a).

These programs depict real-life clinical case situations to
engage the learner in problem-solving. They rely on various
electronic media sources such as a DVD, a local server (eg.,
on a university network), or a stand-alone website (Web-
based simulation). Although many computer-mediated com-
munication approaches have been developed and are used
in education (eg., podcasts, blogs, discussion boards, video-

conferencing) e-simulation is more technologically demand-
ing as it involves interactive simulation-based learning.[13]

The design of the programs is also highly specialized, using
multi-media applications. These can include text, graphics,
sound, vision, colour, animation and video and advanced
Web authoring tools (see Figure 1b).[14]

1.2 How learners learn via e-simulation
Ideally, e-simulation programs include an authentically pre-
sented problem-solving scenario, involving reflection and
feedback.[15] The educational process requires critical think-
ing and clinical decision making, with choices selected from
a sequential or a branching set of options for each care
episode (interactivity) that lasts over a short period of time.
Learners become actively engaged in processing the subject
matter and can achieve deep, rather than surface, learning.[16]

A key part of this trajectory is provided through individual
feedback about actions taken (which is provided on-screen),
enabled by real-time data collected from the learner’s com-
puter. This two-way communication (whether it be verbal or
written), is the second way that e-simulation can be “inter-
active”. Advantages and disadvantages of e-simulation are
summarized in Table 2. As is the case with laboratory-based
simulation, problem-solving through e-simulation can assist
with the transfer of theoretical knowledge into the practice
setting.[17] E-simulation also has an added benefit in that
learners complete the program in their own time and unob-
served, potentially improving learning outcomes by reducing
their anxiety state.[10] In addition, e-simulation allows re-
peated practice, as there are no logistical concerns such as
laboratory bookings, equipment or staff allocation.
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Table 2. Advantages and disadvantages of e-simulation for learning†
 

 

Advantages of e-simulation  

Interactive, stimulating and enjoyable for learners  
Single-user or team interactions  
Provide realistic or real-world scenarios  
Enable controlled and predictable outcomes   
Promote trial-and-error learning in a risk-free setting  
Reduce face-to-face time and teaching resources  
Controlled access (through passwords) with feedback 
Wide availability.  

Disadvantages of e-simulation 

Can be expensive and time-consuming to build  
Often context and discipline specific  
May require extensive technical skills 
Potential for loss in speed through network traffic  
Vulnerable to security issues.  

† Reprinted with permission from: Cant & Cooper [2] 

 

Figure 1. Screen shots: FirstTMAct Web patient deterioration program (reproduced with permission: Cooper et al.);[21] a:
FIRST2ACTWeb TM an online interactive e-simulation education program; b: Screen shot of FIRST2ACTWebTM main
screen with optional intervention tabs and timer at 7 mins 55 seconds and counting down to zero

2. RESULTS
Few Web-based simulation programs for nursing or medicine
students hosted via the Internet are an open source. We iden-
tified four interactive and open access programs from a broad
search of healthcare databases, publications, and the world-
wide web.

A number of researchers in nursing have developed and eval-
uated additional in-house Web-based simulation programs[12]

however, these have not generally been hosted on an open
platform allowing public access. In medicine, the Medibiq-
uitous Consortium[18] developed standards for using virtual
patients (VPs) in videoed interactive case studies. From this
web source some case studies were identified, but since ac-
cess is limited to subscribers, we were unable to determine
any program details. Also in medicine, there are computer-
based simulations of surgical procedures using haptic devices

and 3-D virtual models, enabling students to mimic technical
procedures. As these programs are developed by academic
researchers or commercial entities, none are open access.

Additional programs exist on commercial subscription sites.
The high complexity of instructional design and the ac-
companying evaluation process means that programs are
most often hosted on proprietary platforms with an access
cost. Pay-as–you-go examples include Swift River On-
line Learning Systems (http://swiftriveronline.com
/) and Shadow Health (http://www.shadowhealth.com).
A number of platforms host collaborative virtual learn-
ing environments (computer-based virtual spaces or set of
spaces):[19] such as Open Sim (http://opensimulator.
org) and Second life (http://secondlife.org). These
platforms are available to institutions to develop web-based
scenarios for individual and collaborative interactive learn-
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ing.

We describe below, four Web-based simulation and case-
based open access programs that were located. These may
be valuable as an adjunct to the clinical teaching of under-
graduate nursing or medicine students.

2.1 Cardiopulmonary resuscitation
E-simulation is the basis for several programs in cardiopul-
monary resuscitation available online from the American
Heart Association[20] and other national heart associations.
The HeartCode R© BLS (http://www.heart.org/) is a
self-directed, comprehensive interactive e-learning program
for teaching students basic life support in a non-classroom
setting. A set of written materials and two video tutori-
als, together with 14 interactive videoed e-simulations (using
patient actors) are followed by debriefing notes and advice re-
garding corrective actions (using a voice-activated manikin).
The scenarios depict adults or children. Completion requires
timed clinical decisions from multiple on-screen options and
participation in debriefing after each simulation. The pro-
gram covers current standards, supplemented by a manual
and certificate of completion. The tutorials take 1-2 hours
to complete and the duration of the remainder (scenarios)
will be variable. In general, students will need to access such
programs via their educational institution.

2.2 Hospital patient deterioration
The authors of the current paper, as part of a larger team,
developed and evaluated a multi-media Web-based simu-
lation education program which aimed to develop nursing
students’ management of deteriorating patients.[17] The pro-
gram, funded by a grant from the Australian Government, is
freely available for public access at: http://first2actw
eb.com/. Participation takes approximately one and a half
hours.

In the primary evaluation of this resource, final year nursing
students (n = 367) completed three on-line videoed inter-
active scenarios (with a patient actor). These depict acute
myocardial infarction, chronic obstructive airways disease,
and shock.[12] Each featured stepwise cascading patient-
assessment and treatment options. Through “pop up” videos,
students can view the patient’s history, record an ECG, listen
to breath sounds and give oxygen, or a selection of medica-
tions. Participants are able to prioritise their decisions over
each of three 8-minute scenarios. Individual performance
data are collected throughout (via click-streamed data) and
summary ratings are provided at the end of each scenario with
generic performance feedback. Educational outcomes were
positive with clinical knowledge improving significantly at
post-test (p < .001), and skills performance improving be-

tween the first and last scenario (p < .001). Participants
reported the program was realistic, with enhancements to
competence and confidence (p < .001). Although developed
for nursing students, the program is being utilized internation-
ally by all healthcare professional groups with approximately
6000 completions in the last 18 months (to March 2015).

2.3 Communicating with the mentally ill
An e-simulation mental health management program was
designed for general nurses in NSW, Australia.[22] This
online open access three-part interactive clinical case sce-
nario is based on a patient’s psychological and emotional
behaviour (see Figure 2). Key ideas or definitions are
colour-coded for emphasis, with pop-up definitions avail-
able. As an engagment strategy, anxiety, tension and hu-
mour are incorporated. The program aims to show authen-
tic representation and active participation, with strategies
such as repetition, evaluation, and reflection to enhance
retention. Supplementary resources are available. A lim-
ited qualitative evaluation identified that participants found
the program engaging, realistic, and within their scope of
practice.[23] The resources are publicly available at: http:
//inkysmudge.com.au/eSimulation/mhl.html).

2.4 Learning cultural competence
E-simulation is also the strategy used to advance the cultural
competence of healthcare staff in a culturally diverse region
of Sydney, Australia. An e-simulation program titled: Com-
municating with patients from culturally and linguistically
diverse backgrounds, case study: Ms Shu Fen Chen, was
developed and positively evaluated by 60 nurses and allied
heath staff.[24]

As the engagement of learners is dependant on the authen-
ticity of case scenarios, the research team selected a clinical
context (chest pain) and cultural variation (Chinese culture)
which was consistent with local conditions. Patient actors
including an actor “interpreter” were used in the videoed
scenario. Throughout development, authenticity and partic-
ipation of the learner through use of repetition, evaluation,
and reflection, were paramount. The program can be com-
pleted in around 60 minutes. The e-simulation program is
freely available at: http://www.inkysmudge.com.au/el
earning/chen and also as a CD ROM (see Figure 3).

3. IMPLICATIONS FOR CLINICAL TEACHING
Web-based simulation is a developing field of health profes-
sional education which has been limited by the financial and
technical resources needed for program development.[12] As
a relatively new teaching resource, this type of simulation is
yet to accumulate a comprehensive body of evidence of its
effectiveness for learning.
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Figure 2. Mental Health Management- Screen shot of experienced actor and navigational menu (reproduced with
permission from NSW Health and Lamont & Brunaro)[22]

Figure 3. Cultural competence- Screen shot and navigational menu (reproduced with permission from NSW Health and
Perry et al.)[24]

Some studies of e-simulation (with programs based either lo-
cally on a personal computer, or on the worldwide web) have
been shown to be largely as effective as other teaching meth-

ods in teaching clinical skills. For example, a randomized
controlled trial involving first-year nursing students in learn-
ing pre- and post-operative skills on a computer screen or
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in a skills laboratory had similar learning outcomes.[25] The
computer program involved multiple presentations and case
studies, while the control group worked with manikins in a
laboratory. At retest after two weeks, knowledge test scores
and observational skills ratings were similar between groups.
Other studies that have used mainly objective measures re-
port that e-simulation approaches can improve skills such as
hand-washing,[7] electrocardiography,[26] urinary catheteri-
zation,[27] and identification/management of patient deteri-
oration.[17] The Web-based programs described earlier that
reported an evaluation[17, 23, 24] were also found to be accept-
able to the targeted learners.

There are many stages involved in developing a multi-media
Web-based application and in subsequently testing suitability
and effectiveness with the target audience.[14, 28] Once devel-
oped, Web-based simulation programs are a substantial re-
source that have an advantage compared with other teaching
modalities, of being available across borders. A program can
be accessible to a broad audience, situated wherever there is
adequate Internet access. Furthermore, the approach appears
to be highly acceptable to learners[10] and provides opportu-
nity for repeated practice at will. Thus, various schools or
universities could utilize the same program with potential for
resource savings and increased efficiencies. One limitation is
that programs may have a limited life span for each edition;
as clinical practice develops and there is a need for regular
revisions of material.

Available studies in healthcare education suggest that e-

learning should be used in combination with other forms
of teaching such as traditional classroom methods, for nurs-
ing students to master clinical skills.[29] E-simulation could
be used in the curriculum to enhance clinical skills prior to a
session using classroom teaching. In particular, with the re-
cent focus on patient safety education, e-simulation appears
to be suitable to develop skills and competencies in patient
safety across the nursing curriculum.[30]

4. CONCLUSION

Many e-simulation programs have not been disseminated
widely as, for example, institutions host programs on their
Intranet or on subscription sites. While web-based simu-
lation is clearly an important adjunct to clinical teaching,
the lack of public access also limits development of more
sophisticated programs in this field. Public funding agencies
should consider supporting open access platforms for the
longer term, thus enabling further development. The time
is right for greater distribution and sharing of web-based
simulation resources for teaching in both undergraduate and
at professional levels. Web-based simulation programs are a
valuable resource that should be used in combination with
traditional forms of laboratory and classroom teaching in
order to facilitate the development of students’ clinical com-
petence.
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