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Abstract
Technological developments are impacting on many aspects of life, including education. One particular area of technol-

ogy where there is growing interest within higher education institutions (HEIs) offering healthcare training is the use of

simulators. The literature shows diverging views on the role of simulated learning in healthcare and further evaluation is

needed to explore the quality of learning opportunities that are offered, and their effectiveness in the preparation of

students for clinical practice. A qualitative study was undertaken, using interviews to explore the experiences of a group

of sonography students after interacting with an ultrasound simulator. Simulation was positively evaluated by students in

this study. The findings confirm that simulated learning enables students to be interactive learners rather than being

passive recipients of knowledge. Simulated learning provides learning opportunities in a risk free environment, which

reduces stress for the student and potential harm to patients. Confidence levels were increased, thereby improving future

clinical scanning experiences for both the student and their patients. Suggestions were made for the more effective

integration of simulated learning into the curriculum. Continued research into simulation, teaching and learning practices

needs to occur if we are to ensure maximum advantage of the simulation experience.
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Introduction

There has been a rapid development of technology over the
past few years, which has had a dramatic effect on many
aspects of education. Associated with this are increasing
pressures to integrate technology to enhance learning,
both in higher education and the National Health Service
(NHS).1 The challenge for higher education institutions
(HEIs) has been to develop new approaches to teaching,
learning and assessment, and to incorporate technology to
further improve the student experience and enable the
achievement of course learning outcomes.

In addition to these pressures, the current challenging
economic climate in which the health and education sectors
are operating is resulting in a continual search for more
efficient and cost-effective methods of delivering healthcare
education.2,3 Universities have experienced severe reduc-
tions in budgets and as a consequence they are looking for
more efficient methods of running programmes.4 This puts
additional emphasis on the need for more creative methods
of education delivery, learning opportunities and assess-
ment. The further integration of technology into educational
programmes for healthcare workers is now generally
viewed as a positive solution, by enabling more cost-effec-
tive methods of delivering learning.5–7

One particular area of technology where there is growing
interest within HEIs offering healthcare training, is the use
of simulators. Simulation learning takes many forms and
can include a spectrum of equipment, from simple repro-
duction of body parts through to the complex human inter-
actions portrayed by sophisticated simulators.8 The aviation
industry first used simulation as a training method over 80
years ago and this approach to training and education is
now evident within a number of different industries and
disciplines.9

Simulation in healthcare education

The use of simulation in healthcare education has devel-
oped rapidly over the past decade. Simulators enable stu-
dents to acquire essential skills through trial and error, in a
safe, non-threatening environment closely representing
reality.10 This allows students to develop skills whilst apply-
ing theoretical knowledge in a controlled setting away from
the patient and prepares students for real clinical
scenarios.11

Education practices have traditionally been teacher
centred.12 Simulation, however, is considered to be more
learner centred as students are required to become more
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active in the learning process. Rather than simply memor-
ising information and regurgitating facts, they additionally
need to apply the learning in context.13 With the educator
acting as a facilitator of learning, the student needs to dem-
onstrate greater levels of self-motivation and direction,13

thereby promoting understanding and application of the
cognitive and psychomotor skills required for future pro-
fessional working.14,15

Whilst it is generally recognised that simulation learning
cannot replace clinical experience, concerns have been
raised regarding widespread integration of technology-
based education tools in healthcare education. Although
several authors suggest that there is some validity in teach-
ing psychomotor skills in a designated simulated clinical
skills laboratory, other sources have questioned the value
in terms of student experience.16–19 The drift towards tech-
nology rather than philosophically-based pedagogy is an
area of concern for many,20,21 and a particular criticism of
simulated learning is that it may only reproduce procedural
training rather than any depth of learning.22 These concerns
suggest that further investigation is needed to assess the
effectiveness of patient simulation in achieving clinical
learning objectives and competence. Simply including
simulation learning within a curriculum is not sufficient,
and a greater number of simulations may not necessarily
result in superior learning.23

The literature shows diverging views on the role of simu-
lated learning in healthcare. Educators sense that simula-
tion is a powerful student learning strategy, but the absence
of an evidence base may locate simulation peripherally and
limit its role in many fields.8 Further evaluation of simu-
lated learning opportunities across healthcare education is
needed to explore the quality of learning opportunities that
are offered, and their effectiveness in the preparation of
students for clinical practice.

Ultrasound simulator learning

It was in this context that in December 2012 the University
of the West of England purchased a Medaphor ScanTrainer
(MedaPhor Ltd, Cardiff Medicentre, Cardiff, Wales) with
the purpose of integrating its use into the teaching sessions
on the postgraduate ultrasound programme. The
Medaphor system utilises a haptic device to replicate sen-
sations of transvaginal and transabdominal real-life scan-
ning applications. This was introduced into the programme
for students beginning their modules in 2013, in order to
enhance the student experience, and was used for teaching,
learning and formative assessments on the obstetrics and
gynaecology modules.

Students studying on the gynaecology ultrasound
module were initially shown how to use the system and
given log-in passwords. They were asked to complete learn-
ing and assessment modules on the simulator as part of
their course, and were invited to book as many sessions
as they felt they needed on the simulator, working either
singly or in pairs.

The dearth of investigation into the impact of simulators
on healthcare education, and ultrasound training in par-
ticular, led to a decision to investigate student experiences

of interacting with the ScanTrainer at the end of their gynae-
cology module in August of 2013. The aim of the investiga-
tion was to explore how the simulator can be used to
enhance learning in order to fully explore its future poten-
tial to support students.

Research method

A qualitative approach was used, incorporating interviews
with students who had interacted with the scanning simu-
lator. All students were invited to participate at the end of
their module via an information sheet. Consent was
obtained from 12 students who were willing to share their
experiences. The interviews were semi-structured, sup-
ported by a framework, which acted as a guide for an infor-
mal conversation between researcher and participant, and
also guided the analysis. Gomm calls this ‘qualitative inter-
viewing’ and claims that it is an effective method of obtain-
ing reliable views and information.24 Institutional ethical
approval was obtained from the University of the West of
England Ethics Committee (July 2013).

Findings

During the research, although discussions and responses
were wide-ranging, several common themes began to
emerge. A thematic analysis approach was taken in order
to understand the findings, by manually assigning codes to
each of the topics as they were identified. The comments
from students that arose from the interviews, were
reviewed by the project lead by defining subject content
of the data, and then coded according to their content.25

As the codes were accumulated, they were then sorted
into themes. Unlike quantitative coding, where precon-
ceived codes are used, qualitative coding involves creating
the codes as the data are studied, and this process was
applied to the interview data.26 This resulted in a transfer
of the descriptive data summarising the responses, into a
more interpretative approach to help understand the data.

All the points raised by individuals were identified as
fitting into one of four themes. These were: opportunities to
build confidence in a non-threatening environment, the
enjoyment of simulation as a learning strategy, how simu-
lation supports the implementation of theory into practice
and suggestions for improving the simulator experience.
The comments have been synthesised and outlined below.

Opportunities to build confidence in a non-threatening
environment

Students found it useful to be able to practise techniques in
the classroom setting before working with a real patient,
particularly when performing challenging procedures
such as a transvaginal (TV) scan. In addition, others appre-
ciated the value of repetition of tasks at their own pace. This
was demonstrated by comments such as:

‘It was good because I could use it on my own and keep

repeating things without anyone thinking I was stupid’
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‘I hadn’t done a TV scan on a patient so it was much

better to have my first practice go on a model before

doing the real thing’

‘I like to go back over things several times when I’m

learning something new, so this gave me the chance to

repeat things as many times as I needed’

‘I wish I’d had the chance to use it (the simulator) before I

scanned my first TV patient because although it’s not

completely life-like, I felt much more comfortable with

the technique after I’d used the simulator’

‘It’s difficult when you first start scanning patients trying

to remember to do everything, and I liked the fact on the

simulator that I could concentrate on the scan images

and how I was moving the transducer, without having

to think about talking to the patient or worrying about

whether I was hurting them’

The enjoyment of simulation as a learning strategy

One outcome was how much students enjoyed interacting
with the simulator:

‘I was a bit concerned at first, not knowing how to use the

system but soon found that it was quite straightforward,

so I booked a second session because it became like a test

of skill or a computer game’

‘Scanning the pathology cases was much better than just

reading it in a textbook because you had to work your

way through the step by step assessment’

‘Once I got used to how to use it, I found I enjoyed the

session’

‘Although we’d covered topics in the lectures first,

I found I liked the hands-on learning better because I

was actually doing something and it all made much

more sense’

How simulation supports the implementation of theory
into practice

The simulator provided opportunities for individual learn-
ing styles to be taken into consideration; some realised they
learnt best by doing a task rather than listening to it being
explained. Students commented that the simulator was a
useful method of trying out practically what they had
learnt in a lecture:

‘It was good having the lectures first because then I had

the chance to practise things that I was a bit hazy about

from the lecture’

‘I learn best when I do something myself so it was good

having the chance to try things we’d been told in the

lecture but which I wasn’t really clear about’

‘I found I remembered things I learnt on the simulator

more than being told about them’

‘I was able to scan a lot more cases of pathology than I

would normally see in practice’

‘I was struggling with understanding 2D anatomy and

orientation in clinical practice but the diagrams and

instructions as you move the simulator transducer

made it suddenly click with me’

‘I’d done a few TV scans in my department but never

really understood the orientation until I did the session

on the simulator’

Suggestions for improving the simulator experience

As the simulator was newly introduced into the course,
students were asked for any ideas they had for improving
student learning experiences. Various ideas for technical
enhancements were suggested, including providing a
cine-loop function and easier to use gain controls.
Requests were made for case studies of technically challen-
ging examinations, such as postmenopausal ovaries or large
patients. The main criticism of the simulator was that, in
order to pass the formative assessments, the system
required defined precise criteria to be achieved, which
often appeared unrealistic. This resulted in the students
occasionally becoming frustrated when having to repeat
areas in an attempt to pass, without understanding why.
In addition, suggestions were made regarding improving
access of the simulator for students by establishing a more
efficient booking system.

‘I found it annoying that I failed a session just because I

did one trivial thing not exactly as the simulator wanted.

I thought this was unfair and quite demotivating’

‘It would have been useful for someone experienced,

such as the lecturer, to be available to answer some of

the questions that I had about the feedback the simulator

was giving me’

‘The chair and the table weren’t at the right height I

would be working at in practice’

‘I would have used it more but it was difficult booking a

time when it was available and when I was free to use it’.

Discussion

Simulation provides a controlled learning environment
where the learner can engage in activities reflecting real
life conditions without exposing patients to risk.13,27 In
this study, students found the opportunity to practise scan-
ning, without having to worry about potential patient dis-
comfort, particularly advantageous. Most felt they needed
to have used the simulator more extensively before inter-
acting with real patients. Furthermore, it became apparent
that in the early stages of their module, students appre-
ciated opportunities to master basic psychomotor skills
without having to simultaneously consider activities such
as appropriate patient communication skills. This helped to
reduce stress during the learning process, which is a known
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barrier to learning. The primary aim of simulated learning
should be to prepare the student for practice in the real
clinical setting, in a context where time and repeat practice
can be manipulated to meet the needs of the student. The
learning can be halted, providing opportunities to reflect on
the experience. Current literature suggests that there is
some validity in teaching psychomotor skills in a desig-
nated simulated clinical skills centre, whilst other sources
still question its value in terms of experience.14,21

The results from this study, however, demonstrated clear
advantages for the students when developing technical
scanning skills.

Simulation enables repetition and instant feedback, and
several students valued the opportunity to repeat activities
a number of times until they felt confident. Enabling the
student repetition opportunities whilst guided by on-
screen feedback may increase confidence, an important fea-
ture of successful learning.10 However, comments were
noted regarding the need for a facilitator to be available,
particularly in the early stages of interaction with the simu-
lator, to provide required feedback and guidance. Some stu-
dents also indicated a need for a post-simulator discussion,
either as a class, or one-to-one with a lecturer/facilitator.
This would enable opportunities to clarify and further rein-
force learning points. It is recognised that one of the
strengths of simulation is that it can afford a more measured
approach to training than expected in real patient inter-
actions, because the educator and student can manage the
simulation to meet individual learning needs, by intersper-
sing activity to offer feedback and discuss theory.28

Although the Medaphor simulator used in this study pro-
vided on-screen advice and feedback, the additional need
for a facilitator was apparent in the responses from the
students.

It is unlikely that, during their training, ultrasound stu-
dents will encounter the range of pathology and different
scenarios they will be expected to cope with once qualified.
Ultrasound simulators offer a more consistent approach to
learning by providing all students with access to a greater
number of clinical scenarios in a concentrated period of
time. Students commented that whilst images may be avail-
able in textbooks or on-line, the opportunity to engage
dynamically with these images using the simulator, pro-
vides a superior learning opportunity. This helps to prepare
students for clinical situations that they may not otherwise
encounter during training, thereby providing a response to
the challenge of ensuring consistent learning for all stu-
dents in clinical practice.13

There are often perceived or real contradictions between
the theory and practice of clinical situations. When students
listen to lectures in a classroom, they may find it difficult to
relate the theory to the clinical practice environment, and
this was apparent in several of the sonography student
comments within this study. Students described how the
sessions on the ultrasound simulator helped to make
sense of what they learnt in lectures, before transferring
this to the real clinical world. This concurs with results
from other studies, which found simulation education

was superior in terms of knowledge acquisition compared
with using traditional lecture as the sole method of teach-
ing.15,29 Students all have their own preferred individual
learning styles, and the simulator provided opportunities
for these to be taken into consideration. Simulation experi-
ences provide an opportunity for learning, where students
can be supported to consider the integration of theory into
practice, without the distractions that inevitably occur in a
clinical department.8 The general consensus amongst the
participants, however, was that simulated learning should
be used as an adjunct to classroom learning rather than a
replacement.

The flexibility of simulation learning was raised as a
positive aspect by several students. The ability to book ses-
sions at their own convenience, plus the opportunity to
revisit areas of the learning on several occasions, were par-
ticularly useful features. Students who lived a distance from
the University, however, would have preferred access to
equipment nearer their workplace to enable greater oppor-
tunities for interaction.

The suggestions from the students for improving the
simulator experience provided useful insights into how
simulated learning can be enhanced. Changes to the
system for students booking time with the simulator
need further consideration to ensure this is less problem-
atic. The comment regarding the incorrect height of table
and chair also needs investigation, in order to encourage
safe working practices and reduce the possibility of stu-
dents developing work-related musculoskeletal disorders
(WRMSDs). Ideas for refinements to the technical aspects
of the simulator have been forwarded to the manufac-
turers and this has resulted in the formation of a users’
group, so that teaching staff can work with software
engineers to enhance the system. Potentially, this will pro-
vide an excellent forum for the simulator to evolve in
response to user feedback.

Simulation can provide more focused and deeper
learning experiences30 and should be regarded as learning
techniques, not just advanced technologies,31 but perhaps
more importantly, the aim is to improve patient safety
whilst helping to achieve fitness to practice.32 Simulated
learning has created an increasingly attractive alternative
education strategy in many settings, and one that may
enhance clinical competence.33,34 However, the available
healthcare education literature indicates there is a lack
of empirical research determining the efficacy and effect-
iveness of simulation and in particular, whether learning
gained through simulation can be transferred to clinical
practice.35 Direct information about actual learning is dif-
ficult to obtain because it requires a demonstrated or
observed change in the participant’s behaviour and/or
skills. One particular aspect of ultrasound simulation
that needs to be explored is whether the knowledge and
skills acquired through simulation are transferred as com-
petence and proficiency in clinical practice. It is therefore
intended to monitor the sonography students’ achieve-
ments over the coming year and compare them with pre-
vious cohorts.
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Conclusion

Simulation was positively evaluated by the majority of the
students in this study. The findings confirm that simu-
lated learning enables students to be interactive learners
rather than being passive recipients of knowledge.
Confidence levels were increased when students used
the simulator to improve their technical scanning abilities
and image recognition skills, thereby improving future
clinical scanning experiences for both the student and
their patients. Simulated learning provides learning
opportunities in a risk free environment, thereby reducing
stress for the student and potential harm to patients. In
order to further enhance the role of simulated learning,
discussions are underway to introduce refinements into
the simulator software, and the role of the lecturer as
facilitator in the process will be reviewed to maximise
the learning experience.

The role of simulators within healthcare education has
become increasingly important and more sophisticated
over the past few years. However, with the contradictions
existing in the literature over the role of simulators in
education, further exploration is required. The aim of
this study was to investigate the experiences of a small
group of students interacting with an ultrasound simula-
tor. The findings provide an insight into many of the
advantages, together with ideas for improvement for the
integration of this facility. The general consensus amongst
the participants was that the introduction of the simulator
was innovative and will lead to enhancements in the
learning processes. Continued research into simulation,
teaching and learning practices needs to occur if we are
to ensure maximum advantage of the simulation
experience.

DECLARATION

Competing interests: The author has no competing inter-
ests to declare.
Funding: None.
Ethical approval: Institutional ethical approval was
obtained from the University of the West of England
Ethics Committee (July 2013).
Guarantor: VJ Gibbs.

ACKNOWLEDGEMENTS

Thank you to all those students who contributed to this study.

REFERENCES

1. Higher Education Funding Council for England. Enhancing Learning
and Teaching Through the Use of Technology. See http://www.hefce.

ac.uk/pubs/hefce/2009/09_12/09_12.pdf (last checked 24 November

2013)

2. Department of Health. Liberating the NHS: Developing the Healthcare
Workforce, from Design to Delivery, 2012. See http://www.dh.gov.uk/en/

Publicationsandstatistics/Publications/

PublicationsPolicyAndGuidance/DH_132076 (last checked 28

November 2013)

3. Gibbs V, Griffiths M. Funding and commissioning issues for

undergraduate and postgraduate healthcare education. Imaging Oncol

2013;56–61

4. Health Education England. Introducing Health Education England. See

http://www.hee.nhs.uk/work-programmes/education-outcomes/

(last checked 2 November 2013)

5. White D, Warren N, Faughnan S, et al. Study of UK Online Learning: Final

report. University of Oxford, 2010. See http://www.jisc.ac.uk/media/

documents/projects/UKOnlineLearningStudy-FinalReport-Mar10-

FINAL-FORPUB.pdf (last checked 21 November 2013)

6. Gibbs V. An investigation into the challenges facing the future provision

of continuing professional development for allied health professionals

in a changing healthcare environment. Radiography 2011;17:152–7

7. Educause. See http://www.educause.edu/home (last checked 2

Decmber 2013)

8. Bradley P. The history of simulation in medical education and possible

future directions. Med Educ 2006;40:254–62

9. Johnson L, Patterson M. Simulation education in emergency medical

services for children. Clin Pediatr Emerg Med 2006;7:121–7

10. Linder LA, Pulsipher N. Implementation of simulated learning

experiences for baccalaureate pediatric nursing students. Clin Simul

Nurs 2008;4:e41–7

11. Comer SK. Patient care simulations: role playing to enhance clinical

understanding. Nurs Educ Perspect 2005;26:357–61

12. Kinney S, Henderson D. Comparison of low fidelity simulation learning

strategy with traditional lecture. Clin Simul Nurs 2008;4:e15–8

13. Jefferies PR. A framework for designing, implementing and evaluating

simulations used as teaching strategies in nursing. Nurs Educ Perspect

2005;26:96–103

14. Alinier G, Hunt WB, Gordon R. Determining the value of simulation in

nurse education: study design and initial results. Nurse Educ Pract

2004;4:200–207

15. Weller JM. Simulation in undergraduate medical education: bridging

the gap between theory and practice. Med Educ 2004;38:32–8

16. Harder NB. Evolution of simulation use in health care education. Clin

Simul Nurs 2009;5:169–72

17. Parr MB, Sweeney NM. Use of human patient simulation in an under-

graduate critical care course. Crit Care Nurs Q 2006;29:188–98

18. Moule P, Wilford A, Sales R, et al. Student experiences and mentor

views of the use of simulation for learning. Nurse Educ Today

2008;28:790–7

19. Schiavenato M. Reevaluating simulation in nursing education: beyond

the human patient simulator. J Nurs Educ 2009;48:388–94

20. Black CD, Watties-Daniels AD. Cutting edge technology to enhance

nursing classroom instruction at Coppin State University. ABNF J

2006;17:103–6

21. Parker BC, Myrick F. A critical examination of high-fidelity human

patient simulation within the context of nursing pedagogy. Nurs Educ

Today 2009;29:322–9

22. Kneebone RL, Scott MW, Darzi A, et al. Simulation and clinical practice:

strengthening the relationship. Med Educ 2004;38:1095–102

23. Brown D, Chronister C. The effect of simulation learning on critical

thinking and self confidence when incorporated into an electrocardio-

gram nursing course. Clin Simul Nurs 2009;5:e45–52

24. Gomm R. Social Research Methodology: A Critical Introduction. New York,

NY: Palgrave Macmillan, 2008

25. Charmaz K. Constructing Grounded Theory: A practical guide through

qualitative Analysis. London: Sage Publications, 2006

26. Strauss A, Corbin J. Basics of Qualitative Research, Techniques and

Procedures for Developing Grounded Theory, 2nd edn. Thousand Oaks, CA:

Sage Publications, 1998

27. Heer I, Middendorf K, Muller-Egloff S, et al. Ultrasound training: the

virtual patient. Ultrasound Obstet Gynecol 2004;24:440–44

28. Eraut M. Non-formal learning and tacit knowledge in professional

work. Br J Educ Psychol 2000;70:113–36

29. Brannan J, White A, Bezanson J. Simulator effects on cognitive skills and

confidence levels. J Nurs Educ 2008;47:495–500

Gibbs Sonography student experiences of simulation teaching 177
. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . .



30. Mikkelson J, Reime MH, Harris AK. Nursing students’ learning of

managing cross infections – scenario-based simulation training versus

study groups. Nurse Educ Today 2008;28:664–71

31. Gaba DA. The future vision of simulation in health care. Qual saf Health
Care 2004;13(Suppl 1): i2–10

32. Francis R. Report of the Mid Staffordshire NHS Foundation Trust Public
Inquiry: Executive Summary. London: The Stationery Office (TSO), 2013.

See http://www.midstaffspublicinquiry.com/sites/default/files/

report/Executive%20summary.pdf (last checked 14 December 2013)

33. Kneebone R. Evaluating clinical simulations for learning procedural

skills: a theory-based approach. Acad Med 2005;80:549–53

34. Murray C, Grant MJ, Howarth ML, et al. The use of simulation as a

teaching and learning approach to support practice learning. Nurse Educ
Pract 2008;8:5–8

35. Prion S. A practical framework for evaluating the impact of clinical

simulation experiences in prelicensure nursing education. Clin Simul
Nurs 2008;4:69–78

178 Ultrasound Volume 22 August 2014
. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .


