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ABSTRACT
This study presents a simulated ultrasound scanning
device for use as an educational aid in ultrasound
training for medical practitioners. This paper studies
the development and functionality of an educational
aid for ultrasound training which is safe, of low maintenance and easily accessible. This product was developed due to a demand from Imperial College London
and the VUMC Amsterdam (Vrije Universiteit University Medical Center). After conducting a literature
review on ultrasound training, augmented reality was
felt to be the ideal technique for the development of
an educational tool. In this paper, we will discuss the
development of this ultrasound simulation tool in the
Netherlands. Furthermore, a study was conducted in
which this ultrasound simulation tool was tested by
a gynaecologist on 30 healthcare and medical practitioners in London. This was a mixed study design
in which participants used the ultrasound simulation
tool to quantitatively identify anatomical structures
and qualitatively assess its functionality through a
questionnaire. The results confirm the potential of
the use of augmented reality as an educational aid,
with respect to similar imaging properties, probe affordance and the ability to comparably visualize anatomical structures as a real ultrasound device. In future
work, we recommend that the prototype is improved
by incorporating additional degrees of freedom and
by improving the design of the simulated probe.
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INTRODUCTION

Ultrasonography (henceforth referred to as ‘ultrasound’) is a commonly used imaging modality in medicine to assess internal organs and
structures in the assessment of pathology [2].

This is performed via a transducer, which creates a representation of internal anatomy which
is then processed on a computer and shown on
a display. The transducer emits ultrasonic waves
which pass through the skin and reflect according to the organ surface resistance which they
encounter; echo waves will find more resistance
on more dense structures such as bone (creating
a whiter appearance on the screen) than in the
less dense structures such as fluid (creating a
darker appearance on screen). Ultrasound does
not pose any known dangers when used by a
practised physician [17]. Nevertheless, a problem occurs when inexperienced people perform
ultrasound scans, which can be the case with untrained medical practitioners and doctors without much practise in daily life and limited training possibilities. Complications occur due to misdiagnosis, which can be caused by limited training and there is also a risk of thermal damage to
tissues if ultrasound is used incorrectly. This is
due to ultrasound waves that lose energy while
passing through tissues, releasing heat. This heat
is then absorbed in the water and tissue, resulting in the formation of bubbles (acoustic cavitation), which can lead to capillary rupture (blood
leaking into the extravascular space)[6]. Furthermore, the rise of temperature in the tissue can
cause lower protein synthesis in cells and an increase in growth cell death [6]. Thermal damage
is of particular concern when scanning fetuses
in-utero in obstetrics. It is therefore logical that
medical practitioners are offered the proper education and tools to train their ultrasound skills
in a safe environment, independent of their skill
level, particularly as ultrasound is the most often
used imaging modality [2] and interpretation of
the images acquired is important for accurate
diagnosis and patient treatment. Furthermore, it
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has been shown that teaching medical students’
diagnostic sonography does result in skill improvement [1].
After conducting a small interview with Pieter
Roel Tuinman (intensive care specialist VUMC
and ultrasound trainer), he mentioned that he
would like to see ultrasound training present
in the medical trainees’ curriculum. His main
reason to include more ultrasound training is to
improve the practitioners’ probe movement and
interpretation of data. This is also supported by
the literature which states that inherent problems for ultrasound beginners are often spatial
orientation and probe movement [28]. Unfortunately, the current medical education system is
lacking in ultrasound training [23]. Even though
untrained and inexperienced practitioners will
be accompanied by a specialist at first, occasional
sessions are insufficient to train the skills of doctors to the extent needed. Additionally, it might
be even more difficult for senior practitioners to
admit that they do not feel confident about their
skills. Both in Amsterdam VUMC and at Imperial
College London we found a lack of ultrasound
training which is still not included within the
medical curriculum. This is primarily due to the
limited availability of experts and the lack of affordable and accessible tools for training in ultrasound [23]. Fortunately, augmented reality has
proven to be very beneficial as a training tool in
many medical training situations [9]. Nevertheless, in this context, the usefulness of a tool will
depend on the degree of similarity between the
ultrasound simulation and the real ultrasound
machine to fulfil the training purpose. To test
this, we aim to assess the potential of an augmented reality simulation system as an educational aid for ultrasound training in order to address the lack of ultrasound training tools in medical practitioners’ training and education. In this
research, the main research question will examine if an augmented reality (AR) simulation can
be used as an ultrasound training aid. However,
as is seen in the literature [1], many factors play
an important role when comparing augmented
reality simulations to real-life situations. Therefore, while examining AR’s potential in ultra-

sound training, important additional ultrasound
features should also be taken into account. For
this reason, three sub-questions were formulated
to systematically find an answer to this research
question. Firstly, we will investigate the performance of ultrasound simulation anatomical visualisation with different pixel qualities relative
to real ultrasound. Secondly, we will look into
the affordance provided by the simulation probe
in comparison to a real ultrasound probe. Lastly,
we will determine whether the interpretation
and recognition of anatomical structures within
the simulation data fulfil the required standards.
1.1

Research Questions
RQ1 Can an ultrasound simulation system
be used as a training aid for medical practitioners?
RQ1.1 To what extent do the images
shown by the ultrasound simulator accurately mimic the images of a real medical
ultrasound device?
RQ1.2 Does the affordance provided by
the simulator probe accurately mimic
the use of a real medical ultrasound device?
RQ1.3 Can medical practitioners accurately identify anatomical structures
within the ultrasound simulator data
file?

2

LITERATURE REVIEW

Over the last twenty years we have seen a progression in the Dutch education system in which
new technologies and self-study have started to
play a bigger role [14] [7] [22]. Particularly in
medical and health education, learning via interactive environments has been shown to be very
beneficial [3] [21] [27]. This may be due to the
fact that knowledge acquisition for medical students is typically more experiential, self-directed
and hands-on than in most other disciplines [3].
Simulation-based teaching is able to bridge the
gap between theory and practise [29]. This finding has been supported by the research of Joseph
et al. (2014), in which they looked into the development of an augmented reality simulation
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for better understanding of anatomy [9]. In this
research, the authors were looking for a tool that
could properly train people in better understanding anatomy and connecting that anatomy and
its anomalies to correctly diagnosing pathology.
With this in mind, a training tool was required
that educated people with some sort of visual
feedback and in addition, had a reasonable price,
preparation time, storage space, availability and
no ethical objections. Ultimately, AR was the tool
that satisfied all of these needs [9]. Due to abovementioned reasons and the fact that AR is safe
in use and can be made accessible on medical
practitioners’ own devices (for instance a laptop,
smartphone or tablet) [26], AR also seems like
the perfect candidate as a tool for ultrasound
training. Nevertheless, to fulfil the requirements
of RQ1, the creation of an AR ultrasound simulation must address and fulfil several characteristics. Firstly, to qualify as an ultrasound training aid, a similar visualisation of the ultrasound
screen must be created on a practitioners’ own
device. In the research of Wheeler et al. (2018),
they used a technique in which they uploaded
a .VTK file into Unity 1 to create a virtual interaction and visualisation of 3D medical imaging
[30]. This technique could also be helpful to us
to upload ultrasound scans into Unity and use
its Augmented Reality feature Vuforia[19] for
imaging on people’s own devices [30]. One limitation of the research of Wheeler et al. (2018),
was that they only considered 3D medical imaging for surface anatomy visualisation. [30]. In
ultrasound imaging however, it is both surface
and internal planar anatomy that is important
to visualise. Second, to re-create a similar ultrasound experience to real-life imaging, a probe
separated from the screen is needed to create a
realistic ultrasound set-up. A team in Latin America have developed such a technique, namely the
Volutracer O.P.U.S. [18]. This Volutracer O.P.U.S
is an optical positioning ultrasound simulator.
in which a probe with an optical sign tracking
can be used to scan a flat-scanning pad and a
special ‘opus camera’ recognizes angle and rotation of the probe. In addition, this technique

also uses specific Volutracer O.P.U.S. software
on the computer to visualize the 2D ultrasound
images [18]. Unfortunately, not much literature
exists about this developed tool. In addition, no
research has been conducted to assess the usage
of such a product in practice. Thus, the combination of the two techniques described to allow
both ultrasound imaging and probe manipulation may allow the user to identify anatomical
structures within a dataset in a realistic manner.
3 TOOLS AND DESIGN
An experimental set-up was created to test
whether ultrasound simulation is suitable as a
training tool for medical practitioners. To test
this, first, an ultrasound simulator was built, with
a similar webcam setup as the O.P.U.S. Volutracer
which was mentioned in the literature referenced
above [18]. In contrast to the O.P.U.S., our developed ultrasound simulation uses a higher quality
datafile (3D instead of 2D) and had the requirement to be of low maintenance. The quality of
the ultrasound is tested based on the following
characteristics: image quality, probe feeling and
feature recognition. Thirty medical practitioners used and evaluated the ultrasound simulator qualitatively, in which they ranked different
aspects of the ultrasound simulator in a questionnaire on a five-point ordinal Likert scale (1
= strongly disagree, 2 = somewhat disagree, 3 =
neither agree nor disagree, 4 = somewhat agree, 5
= strongly agree). In addition, they conducted a
small quantitative test to assess recognition of
anatomical structures within the data.
3.1

Requirements

The data file that was used during the development of the ultrasound simulator originated
from Imperial College London [11]. A Samsung
scanner (WS80A Elite system [20]) was used to
create a 3D data file from a fetus. This data was
stored in a proprietary format. Therefore, it was
converted by the (V)UMC (location AMC) [24]
into DICOM format (DICOM stands for ‘Digital Imaging and Communications in Medicine’
and is an international standard for the storage

1 https://unity.com/
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of medical images). The DICOM files were converted into raw byte format (stored in Unity with
the file extension .bytes). Numbers within this
raw byte format represent the colours of individual voxels of the original data file. Nonetheless,
such a data file cannot directly be used to create
a 3D object in Unity because it can only handle polygon meshes. Therefore, we made Unity
believe that the medical data was a ‘3D texture’
which we then used to texture a 2D plane. 3D texture mapping deviates from the more common
2D texture mapping.

Fig. 1. Dataflow of the ultrasound simulation

We, therefore, used a C# script from George
Lecakes [10] to make this possible. Within this
script, dimensions were specified so that Unity
knew how to place the voxels on their intended
position within the 3D texture, therefore, the
height, width and depth were given as input
(the ‘.info file’). The C# script inspired by George
Lecakes [10] used the .bytes file and the .info
file to upload individual voxels within an empty
space to create the 3D texture. Once these individual voxels were uploaded into empty space,
these voxels were visualised by moving a quad (a
2D square standard object) through the data. The
imaging would be made visible when one would
hold the marker in front of the webcam, Vuforia
would then analyse this input and would identify
the position and orientation of the marker and
would place a quad on top of the marker. The

voxels from the 3D texture, that corresponded
to the position and orientation of the marker,
were used to create a shader that textured the
quad. The quad would be visualised on the laptop screen in front of the marker, creating the
illusion that the marker itself acted as a ‘simulation probe’ (the dataflow of this process can be
found in figure 1).
3.2

Design RQ 1.1

To test the importance of the imaging quality,
two different data files were created. The original Samsung (WS80A Elite system [20]) fetus
data file from Imperial College London [11] had
a higher resolution due to more voxels (height,
width and depth of 595x368x447). This was compared to a lower quality data file that was converted by Rob Belleman (Professor at the University of Amsterdam). This lower quality datafile
was identical to the original data file however
with only 75% of the number of present voxels
of the original file with corresponding values
446x276x335. This conversion from 100% to 75%
of the data was performed in Volview 3.4. The
original 16-bit data file was converted into an
8-bit dataset (using the ‘Cast Image’ plugin in
Volview. This could be performed without losing data because the scalar range in the original
dataset was 0-255. The 8-bit dataset was resampled using the ‘resample filter (VTK)’ (cubic interpolation and magnification factor 0.75 in X, Y
and Z position). and the outcomes saved as raw
data. The validity of this method was confirmed
by checking whether the resolution was indeed
scaled from 595x368x447 (100%) to 446x276x335
(75%). This lower quality imaging was now more
comparable with a lower quality ultrasound simulator that is still often used in many hospitals.
When the datasets were prepared, the quad could
be connected to the 75% or 100% dataset within
Vuforia [19]. The imaging on-screen would respond to the movement of the marker. One could
pick the data file versions in Unity by filling in
‘a’ (which showed the 75% quality data file) or a
‘b’ (which showed the original data file) in the
‘choose data file’ tab which was programmed to
do so in the C# script. A visualisation of the origPage 4 of 17

Fig. 2. Visualisation of the Data.

inal data file shown on the laptop screen can be during the experiment to check whether strucfound in figure 2.
tures were correctly identified as such, the participants were limited within their area of movement. Participants could in total recognize 12 po3.3 Design RQ 1.2
tential structures divided over these three areas.
To mimic the affordance created by a real medical In area 1 they could identify the amnion, head, raultrasound device, it was necessary to separate dius/ulna and hand, in the second area the stomthe place of hand movement and visualisation. ach, diaphragm, heart and humerus were present
In an ultrasound, one will find the practitioner and lastly in the third area participants could recmoving the transducer over the body of the pa- ognize the kidneys, spine, ribs and lungs.
tient while looking at the image produced on a During the experiment, these participants would
screen. Therefore a set up was created in which say the anatomical features they recognized out
the imaging of the dataset is shown on a lap- loud and the obstetrician/gynaecologist could
top screen (MacBook Air) and the hand move- judge whether this was right or wrong. To enment with marker tool placed on the right side sure that all participants saw the same anatomof the laptop. A Logitech webcam (C270) was ical structures, these three-marked areas were
then placed in front of the marker. The partic- printed on an A2 size poster. These medical pracipant would hold a Vuforia marker (a piece of titioners would get one minute to familiarise
paper with an astronaut) towards the webcam themselves with the movement of the marker
and would move this ‘simulation probe’ position- and exploring the areas. After these 60 seconds,
, angle- and orientation-wise. Depending on the they would get 45 seconds per area to identify
relative distance between the marker and the anatomical structures after which they moved
webcam, appurtenant data was shown on the on to the next area.
laptop screen, see figure 1.
4
3.4

Design RQ 1.3

To test whether medical practitioners could accurately identify anatomical structures within
the data file, a practised obstetrician/gynaecologist would accompany the participants during
their ultrasound simulation user test. This practised obstetrician/gynaecologist (Harsha Shah
from Imperial College London) created a checklist based on the anatomical features that were
present in the dataset. The participants were
only given a limited amount of movement space,
with a high number of anatomical structures. To
make it easier for the obstetrician/gynaecologist

EXPERIMENT

After creating the ultrasound simulation, we
tested our developed prototype according to our
research questions. First, this research project
tested if the quality of the data file was important (RQ1.1). Testing the similarity between the
simulation imaging (with different resolutions),
in comparison to a real ultrasound, tells us what
pixel requirements the ultrasound simulation
must meet to make the ultrasound simulation
imaging qualify as an educational aid. If a lower
quality image file satisfies the user’s needs, we
can use a less heavy data file in future prototype
development. Added to that, it might also be the
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case that participants feel more familiar with a
certain resolution, which in turn may be a better
representation of their reality.
Second, we tested whether the affordance provided by the simulator probe accurately mimicked the use of a real medical ultrasound device
(RQ1.2), by positioning a static webcam and letting the participants watch the corresponding
screen based on their own marker movement.
Finally, we tested RQ1.3 to see whether people
with medical expertise were able to recognize
anatomical structures present within the data
files by using the ultrasound simulator. Furthermore, we tested whether the resolution of the
imaging on-screen had an influence on the number of correctly identified anatomical structures.
4.1

section where they were able to suggest any
improvements for the next ultrasound simulator
prototype (for the questionnaire see appendix
A.1). To ensure randomness between the a- and
b-group, the 30 questionnaires were divided
into ‘a’ and ‘b’. All uneven numbers received
an ‘a’ and all even numbers a ‘b’. With help of
a random sequence generator these numbers
(representing the participants) were put into the
following order: 8, 25, 23, 9, 1, 11, 14, 21, 3, 18,
27, 16, 28, 15, 22, 30, 6, 24, 17, 2, 13, 19, 29, 7, 26,
5, 4, 12, 10, 20, so that the first person became
participant 8 and would receive version-A. To
ensure the random sequence existed out of real
random numbers, a random sequence generator was picked which used atmospheric noise
instead of pseudo-random noise [8].

Setup

In this research 30 medical practitioners participated. Their degree varied from senior house
officer, registrar, consultant, sonographers and
nurse specialist (more details can be found in
the subsection test population). They all used
the developed ultrasound simulator. Half of the
participants saw the original data file (with high
quality) and the fifteen remaining participants
saw the same data file with lower quality so that
we had a between-group design for the variable
simulation quality and we added to that the
effect the quality might have on the amount of
correctly identified anatomical structures. Additionally, all participants filled in a qualitative
questionnaire regarding the ultrasound simulation similarities to a real ultrasound device,
so that we could identify trends in similarity,
liking and usage of the ultrasound simulator
as an educational aid. We created the questionnaire ourselves to make sure the questions were
very specific regarding the specific ultrasound
simulation aspects. First, we asked the participants their basic demographic information (age,
degree and their familiarity with ultrasound).
We used these variables as control variables.
Second, several statements were presented regarding the ultrasound simulation, on which
the participants could answer on a five-point
Likert scale. Lastly, participants had a free-text

Fig. 3. Research set-up with participant.

During the experiment, the participants were
placed in front of a laptop. A white paper with
three marked bands was placed next to the laptop. A webcam was set in front of the paper. The
medical practitioner received a marker printed
on a 12 x 7 cm paper. This marker functioned as
an ultrasound probe. Participants were able to
move the ultrasound probe over the paper, with
its image facing the webcam. Each marked area
had a length of 6cm and a width of 17,5cm to
ensure that different imaging planes could be easily visualised. These marked areas were placed
on a cm-lined paper on A4-format. This paper
then again was placed on a bigger A2 paper and
had a distance of 19 cm from the webcam, to
make sure that the webcam could see the whole
marker. The marked areas were necessary to ensure that the gynaecologist was able to check
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whether participants correctly identified structures in a standardised format and not at random.
In figure 3 a visual representation of this set-up
is shown.
Before conducting the experiment, participants
were given an information sheet about the research (see appendix A.2). If they still had any
questions afterwards they could ask the gynaecologist. The participants then had 60 seconds
to experiment with the marker and its position,
orientation and angle, relative to the webcam.
After these 60 seconds, they moved the marker
to the first marked area, Area1. They would get
45 seconds to move within this area. They were
not allowed to leave the marked area with the
marker, however, they were allowed to angle
over the marked area, as long as the marker
touched the paper and did not cross the line.
Within these 45 seconds, the participants mentioned out loud the anatomical structures they
recognized before they moved on and repeated
the same actions in areas two and three. The
gynaecologist beforehand made a list of anatomical structures she recognized in areas one, two
and three. She followed the checklist and due
to her experience and expertise was able to recognize whether someone recognized a structure
correctly as such. After the experiment was conducted the participants were given a questionnaire about their final judgements on the ultrasound simulation.
4.2

ing. The consultants are the most senior doctors
in the obstetrics and gynaecology and are therefore very experienced with ultrasound. Lastly,
the sonographers and nurse specialist are also
very experienced with ultrasound. The age of
the participants was between 25 and 62 (M = 34,
SD = 7,8). Of the 30 participants, only two were
male and 28 were female.
4.3

Findings

Before we look into the findings regarding the research questions let us first start with the overall
supply and demand for the developed ultrasound
training tool according to the views of medical
practitioners. In the questionnaire, the participants were asked if they would like to receive
more training on their ultrasound skills and if
they felt they have access to the proper tools to
do so. For the question ’I would like to receive
training on my ultrasound skills’, the majority of
the participants indicated to somewhat/strongly
agree to this statement (M = 4.4, SD = 1.0, skewness = -1.87 and Kurtosis = 3.38) see figure 4
column 1. For the question ’I have easy access to
tools that I need to improve my ultrasound skills’,
9 people strongly disagreed, 9 people somewhat
disagreed, 3 people neither agreed nor disagreed,
8 people somewhat agreed and 1 person strongly
agreed (M = 2.4, SD = 1.3, skewness = 0.37 and
Kurtosis = -1.27) see figure 4 column 2.

Test Population

The test population existed out of 30 participants
with the following degree; senior house officer
(7), registrar (16), consultant (3), sonographers
(2) or nurse specialist (2). Their experience was
mainly dependent on their degree, nevertheless,
some people had more or less experience with ultrasound, which they could indicate in the questionnaire. Overall, senior house officers were junior doctors with minimal ultrasound knowledge and experience. Registrars were more senior doctors who have had good exposure to
ultrasound for at least one to three years and
most of them will be competent at performing
basic ultrasound and interpretation of the imag-

Fig. 4. Participants’ ultrasound training interest and
access to training tools (30P).

4.3.1 RQ1.1. First, to test whether the images
shown by the ultrasound simulator accurately
mimicked the images of a real medical ultrasound device we asked the participants what
they thought about the imaging based on the
five-point Likert scale. Overall the participants
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agreed or strongly agreed to the ultrasound simulator imaging being similar to a real ultrasound
device statement (M = 4.7, SD = 0.5, skewness =
-0.75 and Kurtosis = -1.55), see figure 5 column
1. Second, because we found it interesting to see
whether the pixel quality had any influence on
the participants’ opinion of the imaging similarity we looked at the differences between the
A- (75% of the original data file) and B-group
(the original file). The A-group had a mean of 4.6
with a standard deviation of 0.5 in comparison
to the B-group which had a mean of 4.7 with a
standard deviation of 0.5 see figure 5 column 2
and 3. Lastly, participants were able to give any
additional feedback in an open question. Here
they mentioned they would prefer improved degrees of freedom within their imaging, increased
scan angle and would like to be able to switch
between coronal, sagittal and transverse planes.

Fig. 5. Participants’ opinion on the imaging similarity all together (30P) and 75%- (15P) vs. 100%-version
(15P).

Fig. 6. Affordance of the simulation probe in comparison to a real medical ultrasound device (30P).

4.3.2 RQ1.2. To answer the second research
question we wanted to test whether the affordance provided by the simulator probe accurately mimicked the use of a real medical ultrasound device. This question was also filled-in

by the participants on a five-point Likert scale.
Overall the mean answer to this research question was 4.1, with a standard deviation of 0.8, a
skewness of -1.19 and a Kurtosis of 2.30. These
results are shown in figure 6. Lastly, in the open
part of the questionnaire, some participants mentioned they would like to have a sturdier, heavier
and more probe like shaped tool.

Fig. 7. Recognizing anatomical structures with (A
(15P), B(15P)) and without inexperienced practitioners (A*(10P), B*(12P)).

4.3.3 RQ1.3. To test our third research question, participants were asked to mention out loud
the anatomical structures that they recognized.
On average the 30 participants recognized 8.2 of
the 12 present structures. However, it was also
interesting to see whether people performed better at recognizing structures if they had higher
pixel quality imaging (version B) than if they
had a lower pixel quality imaging (version A).
When we then compare the A- and B-group we
see that the A-group identified 7.7/12 structures
correctly (63.9%) in comparison to 8.7/12 (72.3%).
The A-version overall had a mean of 7.7 with a
standard deviation of 2.4. While version B had
a mean of 8.7 and a standard deviation of 2.5
(these results are shown in figure 7 first and second column). Besides the level of seniority of the
medical practitioners, these participants were
also asked to express their ultrasound experience on the same Likert scale. To ensure that
both groups contained experienced ultrasound
users, we repeated the above calculation for the
A and B group, however, filtered out the people that marked the following statement: ‘I am
experienced in the use of a medical ultrasound
device’ with a 1 (strongly disagree) or 2 (somewhat disagree). Version A then contained ten
participants with a M = 9.0, SD = 1.6 and version
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B ended up with twelve participants with a M 5 CONCLUSION
= 9.2 and SD = 2.2 see figure 7* third and fourth First of all, let us state that we made the assumpcolumn.
tion that the data for N ≥ 30 is normally distributed. Even so, the main limitation of this
4.3.4 RQ1. Lastly, the findings regarding study is that due to the relatively small numresearch question 1 depend on the findings ber of participants we cannot state any signifithat were discussed above in the research sub- cant results. Nevertheless, we are able to ascerquestions 1.1, 1.2 and 1.3. In addition, the par- tain trends that are present within the data. We
ticipants also answered three questions about will start by answering a more global question
the suitability, the behaviour and the effective- of whether participants would like to receive
ness of this method of ultrasound simulation. more ultrasound training. Due to an expressed
For the question, ‘The ultrasound simulator is demand from medical institutions such as Ima suitable tool to train my ultrasound skills’, all perial College London and VUMC we already
participants agreed or strongly agreed on the knew that there was a demand from institutions
five-point Likert scale (M = 4.7, SD = 0.5), see and lecturers for additional training. Our study
figure 8 first column. To the question ‘The ul- adds further evidence to this, by demonstrattrasound simulator behaves as a real medical ul- ing that there is also a demand from medical
trasound device’ most people agreed or strongly practitioners. When we look at the mean and
agreed, with only one person strongly disagree- the standard deviation (M = 4.4, SD = 1.0) this
ing, one person somewhat disagreeing and one outcome suggests that most people somewhat
person neither agreeing nor disagreeing (M = agreed or strongly agreed to wanting more ul4.3, SD = 0.9 figure 8 second column). Finally, the trasound training. In addition, the high Kurtosis
participants answered whether they felt that the (3.37) implies a strong distribution peak and the
ultrasound simulator is an effective method for skewness (-1.87) a long left tail (this can also be
training ultrasound skill. Most people answered seen in figure 9), indicating that indeed most
this question with a strongly agree (24), some people agreed in some degree to this term. Thus,
people somewhat agreed (5) and only one person we can conclude that we see a trend within this
neither agreed nor disagreed (M = 4.8, SD = 0.5, research in which most medical practitioners
these results are visualised in the third column would like to receive more training in their ultraof figure 8). Finally, we want to mention that sound skills. Regarding the statement whether
the participants were able to give any additional these participants have access to the ultrasound
feedback in an open question. Here they men- training tools, the mean implies that overall most
tioned that they found the ultrasound simulator of them somewhat disagreed or neither agreed
an excellent concept and a great tool.
nor disagreed (M = 2.4, SD = 1.3). The negative
Kurtosis (-1.27) results in a flatter curve and has
lighter tails than a normal distribution, which
implies that the results are more widespread. In
addition, the small skewness (0.37) might imply a small right tail. Even so, we conclude that
within this research we see a trend towards people somewhat disagreeing to having easy access
to the tools they need to train their ultrasound
skills. Altogether we see a trend in this medical practitioners group wanting to improve their
ultrasound skills and somewhat disagreeing to
Fig. 8. Ultrasound- suitability as a training tool, be- having the proper tools available to do so.
haviour, and effectivity as a training method (30P).
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to a high extent similar to a real ultrasound device. Another interesting finding we see is that
the participants which received version B, answered more often with strongly agree to this
term than with somewhat agree (ratio 11 : 4), this
results in a higher mean (M = 4.7, SD = 0.5) than
in version a, with the strongly agree to somewhat agree ratio being 9 : 6 (M = 4.6, SD = 0,5).
This suggests a tendency of version B having a
better imaging quality, and the resolution having
an effect on the participant’s ability to recognize
structures. However, this difference should be
Fig. 9. Participants their opinion on receiving ultra- tested on significance to confirm this. If we had
a bigger test group we could test this by consound training (30P).
ducting an independent sample t-test or a nonparametric statistics like the Mann-Whitney U
test [4]. Nevertheless, the imaging could still be
improved by allowing the user more range for
rotation, increased scan angles and being able to
switch between coronal, sagittal and transverse
planes. This was something the participants mentioned in the questionnaire.

Fig. 10. Medical practioners’ access to ultrasound
training tools.

5.1

Research Question 1.1

To answer research question 1.1, ‘To what extent
do the images shown by the ultrasound simulator accurately mimic the images of a real medical
ultrasound device’, we look into figure 11. Here
we see that the mean lies really near to the 5,
strongly agree. In addition, we see a long left tail
that is partly supported by the small negative
skewness of -0.75, and a high distribution top
that implies a strong tendency for the mean that
is supported by the negative Kurtosis of -1.55.
Overall we can conclude that the participants
within this research have a tendency towards
strongly agreeing to this term (M = 4.7, SD = 0.5).
This implies that medical practitioners find the
mimicked imaging of the ultrasound simulation

Fig. 11. Comparing the imaging of the ultrasound
simulator to a real ultrasound device (30p).

5.2

Research Question 1.2

Let us now answer our second research question
‘Does the affordance provided by the simulator
probe accurately mimic the use of a real medical ultrasound device?’. The data visualised in
figure 6 (M = 4.1 and SD = 0.8), tends to imply a
trend towards people somewhat or even strongly
agreeing to this statement. If we look at the skewness of -1.19 we can conclude that the data has
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a long left tail which can also be seen in figure
12. In addition, the Kurtosis of 2.29 implies that
the peak of the distribution is more narrow and
pointy. From this, we can conclude that within
this experiment we see a trend towards people
somewhat agreeing that the affordance provided
by the simulator probe accurately mimics the
use of a real medical ultrasound device. Nevertheless, the probe design could be improved by
making it sturdier, heavier and giving it a more
probe like shape. As this was the feedback the
participants gave regarding the probe.

the participants were able to recognize anatomical structures within this dataset by identifying
68.1% correctly. When we then compare the Aand B-group we see that the A-group identified
63.9% correctly in comparison to 72,3% of group
B. When we compare the results in figure 13
we see that the top of the A distribution is a bit
sharper, however, the B distribution is scaled a
bit more to the right, which makes us believe that
we see a trend towards the B-group performing
better than the A-group. When we then filter out
all the participants without ultrasound experience we see that there is a difference between
the A-group with a score of 9/12 (75% with ten
people) and the B-group 9.2/12 (76.4% on twelve
people). Due to the B-group performing better
in both cases, we conclude that we see a trend
towards people performing better in version A
than in version B, suggesting that the imaging
quality has an effect on being able to correctly
identify structures. Nonetheless, this should be
proven with a bigger test sample so that a T-test
can be conducted to test on significant differences.
5.4

Research Question 1

Fig. 12. The mimicked affordance provided by the
simulation probe in comparison to a real medical ul- To answer the comprehensive research question
trasound device (30P).
‘Can an ultrasound simulation be used as a train-

5.3

Research Question 1.3

To answer research question 1.3 ‘Can medical practitioners accurately identify anatomical
structures within the ultrasound simulator’, we
analysed the results regarding the number of correctly identified anatomical structures. Overall
the participants recognized 8.2 of the 12 structures correctly on an open question. To grade
this outcome we compare it with the guidelines
for a multiple-choice test (in which the test is
often easier but therefore, has more difficult restrictions to pass), because no strict guidelines
can be found in the literature regarding open
questions. Given that in a multiple-choice test
answering 50-55% correct confirms you know
the content [5](and for open questions this percentage will lay even lower) we can confirm that

ing aid for medical practitioners’ we looked into
all the findings above and the outcomes of the
three following statements. Given that ‘The ultrasound simulator is a suitable tool to train my
ultrasound skills’ (M = 4.7, SD = 0.5, see figure
16 in appendix A.3), ‘The ultrasound simulator
behaves as a real medical ultrasound device’ (M
= 4.1, SD = 0.9, see figure 17 in appendix A.3)
and ‘The ultrasound simulator is an effective
method for training ultrasound skills’ (M = 4.8,
SD = 0.5, see figure 18 in appendix A.3) we conclude that within this research group the medical practitioners somewhat to strongly agreed
that the ultrasound simulation would be suitable
for training, behaves as a real ultrasound device
and would be an effective method for training.
These participants also felt that the imaging was
comparable to a real ultrasound device, that the
probe affordance accurately mimicked the use of
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a real probe and lastly practitioners accurately
identified the majority of structures present in
the database. These trends lead us to believe that
an ultrasound simulation could indeed be used
as a training aid for medical practitioners. In
addition, participants left positive feedback regarding the ultrasound simulator which implies
that they liked the developed system.
6

DISCUSSION

Within this research, some design decisions were
made on which we will elaborate further within
this section. First of all, as mentioned above,
within this research significance of the results
could not be tested in view of the small study cohort of 30 medical practitioners. This is because
given that the United Kingdom has 64.796.452 inhabitants [25], and 3/1000 [13] of these residents
is a doctor, that would result in population size of
194.308. To say something about the significance
(with 95% confidence interval and 5% error margin) we would then need 384 participants [12].
Nonetheless, it was already quite difficult to involve 30 practised medical practitioners in this
study due to time restrictions and availability.
Additionally, it was not possible for us to conduct
the research ourselves due to our limited knowledge in recognizing anatomical structures, therefore a practised gynaecologist conducted the research, who also had her own time constraints.
Secondly, in this research, we tested the simulator on participants that were already experienced with the use of ultrasound. Eventually, we

endeavour to create a tool that is not only accessible for people with ultrasound experience (to
improve and train their ultrasound skills), however, also for students who want to use the ultrasound simulation tool as a learning aid. However
to check whether the created ultrasound simulation is comparable to a real ultrasound in terms
of imaging and probe feeling with people it had
to be tested on a cohort with some ultrasound
experience. Thirdly, in this research more participants were female than male (28:2). Nonetheless,
because the medical population within obstetrics and gynaecology often contains a higher
ratio of female to male this does not necessarily
have to have a negative influence on the experiment [15] [16]. Still, because ultrasound is also
used in many other areas (like cardiovascular research) the results obtained within this research
might be more predictive for trends regarding
the obstetrics and gynaecology department than
for other departments. Lastly, this research was
conducted in the United Kingdom and not in the
Netherlands. There might be small differences between medical practitioners in the Netherlands
and the United Kingdom. However, after conducting an interview with Pieter Roel Tuinman
(VUMC, Netherlands) and asking many questions to Harsha Shah (Imperial College Londen,
United Kingdom) regarding ultrasound, we did
not come across any significant differences.

Fig. 13. Recognizing Anatomical Structures version A (15P) and B (15P) with inexperienced people.
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6.1

Future Work

This research was in primarily conducted due
to the high demand from medical practitioners
teaching ultrasound at Imperial College London and VUMC for ultrasound training tools.
Nevertheless, it was also very interesting to see
whether their target audience was interested in
such tools as well. In this research, the main goal
was to find a suitable ultrasound training tool
and test whether this developed tool would fit
the role of ultrasound training aid. In addition,
if the outcomes were positive, it would also be
very interesting to see what changes should be
made. Even though we do not have significant
answers, the trends we see within this research
will help us to further develop our current design
and set up. In future work, it would be very interesting to further develop the following aspects
stated. First, the marker should be re-designed
to give it a more probe-like look and feel. Within
the questionnaire, participants were free to give
any remarks or comments. Most of them commented that a sturdier, heavier and more probeshaped tool would be beneficial. Secondly, we
should improve the degrees of freedom of the
probe. Within the research, the participants mentioned they would like to see an increased range
of movement of the marker for better rotation,
increased scan angle and being able to switch
between coronal, sagittal and transverse planes.
Thirdly, we should try to improve the response
time. Participants would like to have a faster response time between marker movement and the
visualisation on-screen. Even so, during this research, we came to the conclusion that to keep
a high resolution the overall software becomes
very heavy. Therefore considerations are needed
to find a balance between data file size and response time.
Finally, we must mention that many participants
were very positive regarding the developed ultrasound simulation mentioning ‘Excellent tool’,
‘Fantastic!’, ‘Very useful’ and ‘I look forward to
being able to use this one day!’, which make us
believe that we are on the rightful path.
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A
A.1

APPENDIX
Questionnaire

Fig. 14. Questionnaire
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A.2

Information Sheet for the
Participants

Fig. 15. Information Sheet Participants.
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A.3

Remaining Visualisations

Fig. 16. The suitability of an ultrasound simulator as
training tool (30P).

Fig. 17. The ultrasound simulation behavior compared to a real ultrasound (30P).

Fig. 18. The effectiveness of the ultrasound simulator
as method for ultrasound skill training (30P).
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