
Mahmood O et al. Hands-On Time in Simulation-Based …  Ultrasound Int Open 2022; 8: E2–E6 | © 2022. The Author(s)

Original ArticleOriginal Article

Hands-On Time in Simulation-Based Ultrasound Training – A Dose-
Related Response Study
  

Authors
Oria Mahmood1,2, Rikke Jeong Jørgensen1, Kristina Rue Nielsen1,3, Lars Konge1, Lene Russell1,4

Affiliations
1	 Copenhagen Academy for Medical Education and 

Simulation, University of Copenhagen and The Capital 
Region of Denmark, Copenhagen, Denmark

2	 Department of Anaesthesiology and Intensive Care, 
Holbaek hospital, Holbaek, Denmark

3	 Department of Radiology, Copenhagen University 
Hospital, Rigshospitalet, Copenhagen, Denmark

4	 Department of Intensive Care, Copenhagen University 
Hospital, Rigshospitalet, Copenhagen, Denmark

Key words
METHODS & TECHNIQUES, ultrasound, THEMES, education, 
AREAS, STRUCTURES & SYSTEMS, medical

received  16.03.2021 
accepted after revision  23.02.2022

Bibliography
Ultrasound Int Open 2022; 8: E2–E6
DOI  10.1055/a-1795-5138
ISSN  2199-7152
© 2022. The Author(s).
This is an open access article published by Thieme under the terms of the 
Creative Commons Attribution-NonDerivative-NonCommercial-License, 
permitting copying and reproduction so long as the original work is given 
appropriate credit. Contents may not be used for commecial purposes, or 
adapted, remixed, transformed or built upon. (https://creativecommons.
org/licenses/by-nc-nd/4.0/)

Georg Thieme Verlag, Rüdigerstraße 14, 
70469 Stuttgart, Germany

Correspondence
Lene Russell, MD, PhD
Dept. of Intensive Care, Copenhagen University hospital, 
Rigshospitalet & Copenhagen Academy for Medical 
Education and Simulation
University of Copenhagen and  
The Capital Region of Denmark
Copenhagen
Denmark 
lene.russell@mail.dk

Abstra ct

Purpose   Point of care ultrasound (POCUS) is widely used, but 
the sensitivity and specificity of the findings are highly user-de-
pendent. There are many different approaches to ultrasound 
training. The aim of this study was to explore the effects of 
hands-on practice when learning POCUS.
Methods   Junior doctors with no or limited ultrasound expe-
rience were included in the study and divided into three groups. 
They all completed a Focused Assessment with Sonography for 
Trauma (FAST) course with different amounts of hands-on prac-
tice: 40 minutes (n = 67), 60 minutes (n = 12), and 90 minutes 
of hands-on time (n = 27). By the end of the course, they all 
completed a previously validated test.
Results   More hands-on time improved the mean test scores 
and decreased the test time. The scores of the 40-, 60-, and 
90-minute groups were 11.6 (SD 2.1), 12.8 (SD 2.5), and 13.7 
(SD 2.5), respectively (p < 0.001). The 90-minute group com-
pleted the test significantly faster than the other two groups 
(20 versus 26 minutes, p = 0.003). A large inter-individual var-
iation was seen.
Conclusion   The necessary amount of hands-on training is 
unknown. This study demonstrates that performance increas-
es with prolonged hands-on time but the inter-individual var-
iation among trainees is very large, thereby making it impossi-
ble to define the “optimal” time. This supports the use of the 
concept of mastery learning where each individual trainee can 
continue training until proficiency is reached.
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Introduction
The use of point of care ultrasound (POCUS) or bedside ultrasound 
has expanded across many medical and surgical specialties [1] and 
is viewed as an essential skill for the new generation of physicians 
[2]. However, the sensitivity and specificity of ultrasound findings 
are highly operator-dependent [1, 3] and exposure to ultrasound 
during clinical training may give a false sense of competence [4]. 
This could potentially put patients at risk. In fact, the Emergency 
Care Research Institute (ECRI) identifies incorrect usage of ultra-
sound as one of the top ten health technology hazards. ECRI there-
fore recommends that protocols for the training and examination 
of ultrasound users should follow established guidelines and rec-
ommendations [5].

One of the most common POCUS protocols is the Focused As-
sessment with Sonography for Trauma (FAST), which has become 
an established tool in trauma management [6]. The FAST exami-
nation consists of four simple standardized sonographic views: per-
icardial, perihepatic, perisplenic, and pelvic. The purpose is to iden-
tify the presence of intraperitoneal or pericardial free fluid (which 
in the trauma setting most often would be due to bleeding). Pre-
vious studies have reported steep learning curves when learning 
POCUS including FAST [7, 8].

Ultrasound training curricula are typically based on either per-
forming a certain number of scans or training for a pre-specified 
amount of time [9–11]. However, the amount of hands-on training 
necessary to ensure competency to perform a certain POCUS pro-
tocol is not known. Therefore, we designed this study with the aim 
of further exploring the amount of hands-on practice necessary to 
learn a specific POCUS protocol - the FAST exam.

Materials and Method
Junior doctors ( < 12 months of experience as medical doctors) com-
pleting their first postgraduate year in different departments were in-
cluded in this study. They all had no or very limited ultrasound experi-
ence (no experience with unsupervised ultrasound scans; none had 
performed more than five scans with supervision). They all attended 
an ultrasound course in a controlled environment at a University Hos-
pital Simulation Center. The course consisted of a theoretical lecture 
followed by hands-on practice on two different virtual reality simula-
tors and up to three healthy volunteers. All trainees performed the 
same examinations on the same two simulators. All of the training 
sessions were conducted by the same team, which included two spe-
cialist doctors (one anesthesiologist and one radiologist) with many 
years of clinical ultrasound experience (including the FAST protocol). 
The hands-on training was performed under close supervision.

Before starting the course, the junior doctors were separated into 
three groups. They all completed the same course except with dif-
ferent amounts of time of hands-on practice: the first group had 40 
minutes, the second group had 60 minutes, and the last group had 
90 minutes of hands-on practice (▶Table 1). During the practice, the 
trainees performed several supervised FAST examinations on healthy 
volunteers followed by training on two different virtual reality sim-
ulators: Schallware (Ultrasound simulator station-128) and the 
Simbionix U/S mentor (3D systems). Both simulators can be used for 
diagnostic abdominal ultrasound training, the main difference being 
that the Schallware simulator uses recorded films of real patient 

scans whereas the Simbionix simulator uses computer-generated il-
lustrations [12]. The simulators allow trainees to perform actual re-
al-time dynamic FAST examinations with positive findings (i. e., free 
fluid) on lifelike mannequins with a mock ultrasound probe.

The test
A validated test in FAST [13] was used to compare the performance 
results between the three groups. The tests were performed on the 
Schallware ultrasound simulator and consisted of five consecutive 
complete FAST examinations, i. e., 20 different ultrasound views 
giving a maximum of 20 points, with a score of 14 points being re-
quired to pass the test (previously established pass/fail score). The 
novices had a maximum of six minutes to complete each FAST ex-
amination in the test.

Data analysis
The test scores and times of the three groups were compared using 
Analysis of Variance (ANOVA) followed by pair-wise comparisons 
using independent samples t-tests. Levene’s test was used to com-
pare the variances in the three groups. Differences were considered 
statistically significant when P < 0.05. The statistical analyses were 
done using IBM SPSS statistics software (IBM Corp. Released 2011, 
version 20.0). We used GraphPad Prism 6.00 for OS (USA) to create 
the graphs.

Ethical considerations
All participants were given verbal and written information about 
the study (and all signed an informed consent form). None of the 
junior doctors included in the study were working at the same in-
stitution as the authors. The collected data was anonymized. The 
study was exempt from ethical approval according to Danish legi
slation.

Results
In total, 106 junior doctors (▶Table 1) attended the course and 
performed the test. The mean test score increased with a longer 
hands-on training time: 11.6 (SD 2.1) in the 40-minute group, 12.8 
(SD 2.5) in the 60-minute group, and 13.7 (SD 2.5) in the 90-min-
ute group (p < 0.001) (▶Table 2).

There were no significant differences between the 40-minute 
group and the 60-minute group (p = 0.09) or between the 60-min-
ute group and the 90-minute group (p = 0.26). However, there was 
a significant difference in mean test score between the 40-minute 
group and the 90-minute group (p < 0.001). In the 40-minute 
group, 19 % of the junior doctors passed the test, in the 60-minute 
group, 33 % passed, and in the 90-minute group, 41 % passed 
(▶Table 2), p = 0.05. Despite a higher mean score and a higher pass 
percentage in the group with more hands-on time, the interindi-
vidual variation was very large in all three groups (▶Fig. 1).

As seen in ▶Table 2, the total time the participants spent on 
performing the test was lower in the 90-minute group compared 
to the other two groups (20 versus 26 minutes, p = 0.003). Accord-
ingly, the 90-minute group had a significantly higher test score/
minute (0.7 versus 0.5, p < 0.001), but as can be seen in ▶Fig. 2, 
the variation within the group was large.
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Discussion
This study showed that more hands-on time led to a higher mean 
test score, i. e., an increase in hands-on training led to better over-
all performance in a shorter amount of time. This is no surprise. 
However, the important point demonstrated by this study is that 
even though the mean test score increases among the doctors 
when increasing hands-on training time, the interindividual varia-
tion is very large (▶Fig. 1 and ▶Fig. 2). It would be expected that 
the intraindividual variation is substantial for trainees in the first 
stages of their training as proposed by Fitts and Posner’s model of 
skills acquisition, where performance is characterized by three se-

quential stages: 1) cognitive; during this stage the trainee devel-
ops a mental picture and fuller understanding of the required ac-
tion, 2) associative; during this stage the trainee physically practices 
the action and 3) autonomous; during this stage the trainee learns 
to carry out the skill with little conscious effort [14]. Initially there 
is rapid improvement in performance, followed by a more gradual 
slower phase. The speed with which the individual learner passes 
through these phases will vary greatly. As shown in this study, time 
itself does not ensure proficiency, but it does improve performance 
in general.

In general, training in the medical field is expensive and learn-
ing programs should be both competence-generating and cost-ef-
fective [15]. Furthermore, insufficient training, especially in us-
er-dependent modalities such as ultrasound, can be a hazard. The 
best way to ensure that trainees achieve acceptable levels of per-
formance and diagnostic accuracy remains controversial [7–9, 16]. 
Several factors have been shown to facilitate the learning of motor 
skills, such as observational learning, external focus of attention, 
feedback, and self-controlled practice. There are a variety of rea-
sons why these variables are effective. However, no single factor 
has been shown to be superior [10, 11]. It is relatively clear that 
both observing and physically practicing a task are necessary to 

▶Table 1	 Baseline and course characteristics.

40-minute 
group

60-minute 
group

90-minute 
group

Number 67 12 27

Age (years) 28 (26–33) 28 (26–33) 28.3 (25–33)

Female ( %) 43 (64 %) 8 (67 %) 17 (74 %)

Course details:

 � Theoretical 
introduction 
(minutes)

10 20 20

 � Hands-on time 
volunteers 
(minutes)

20 30 45

 � Hands-on time 
simulators 
(minutes)

20 30 45

Data are expressed as number (percentages) or median (interquar-
tile range for age the range). All participants had < 12 months of 
experience as medical doctors and had no experience with 
unsupervised ultrasound scans; none had performed more than 5 
scans with supervision.

▶Table 2	 Test performance after participation in course *.

40-minute 
group

60-minute 
group

90-minute 
group

Mean score 11.6 (2.1) 12.8 (2.5) 13.7 (2.5)

Median score 12 (10–13) 12.5 (10–16) 13 (12–15)

Range 7–17 9–16 10–19

Mean time (min) 26.3 (5.5) 25.9 (6.6) 20.3 (4.3)

Mean score/
minute (1/min)

0.46 (0.15) 0.5 (0.19) 0.7 (0.21)

Passed test *  12 (18 %) 4 (33 %) 11 (41 %)

Data are expressed as mean (standard deviation), median (interquar-
tile range), or number (percentages).  * Participants all performed a 
validated test with a maximum score of 20 and with a pass/fail score 
of 14 (15).
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▶Fig. 1	 Scatter plot for the three groups. The dots represent every 
novice score within the groups. The thickened line marks the mean 
test score for each group. 
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▶Fig. 2	 Test score per minute in the three groups with different 
hands-on time. The central bar in the box represents the median 
score per minute, the box represents the interquatile range, and the 
whiskers represent the range.
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learn it [17]. The efficacy of skills training using simulation has been 
well-documented [18] and studies also show sustained effect of 
simulation-based training on clinical performance [19]. The main 
take-home message of this study is that practice time itself cannot 
be used as a measure of competence when learning point of care 
ultrasound. This finding aligns with a learning curve study by Gus-
tafsson et al., which found that the training time to reach plateau 
varied widely for 38 orthopedic surgery trainees practicing hip frac-
ture surgery on a simulator with an average of 169 minutes with a 
95 % confidence interval (152–187 minutes) [20].

Similarly, a fixed number of performed procedures does not en-
sure proficiency as illustrated by Barsuk et al. when comparing res-
ident physicians baseline simulated clinical skills (central venous 
catheter insertion, lumbar puncture, paracentesis, and thoracen-
tesis) to their self-reported procedure experience [21]. However, 
the European Federation of Societies for Ultrasound in Medicine 
and Biology (EFSUMB) still propose a minimum number of scans as 
a training requirement [22].

Mastery learning is a break from previous training of physicians 
where acquisition and maintenance of clinical competence were 
based on clinical experience alone [23]. Mastery learning is an ap-
proach to competency-based education where trainees acquire 
knowledge and skills with fixed achievement standards, without 
limiting the time needed to reach proficiency. Importantly mastery 
learning results have little or no variation, whereas educational time 
can vary among learners.

The concept of mastery learning requires a validated test with 
a credible pass/fail standard to assess competence [13]. It increas-
es professional self-efficacy and translates into improved patient 
care practices and patient safety outcomes [24]. This study sup-
ports the concept that mastery learning is the optimal method to 
ensure competence, also when learning ultrasound. Newer guide-
lines on endoscopic ultrasound support this approach by recom-
mending using validated assessment tools to ensure training is con-
tinued until a predefined level of competence is achieved. No arbi-
trary number of training procedures is mentioned [25].

As for the FAST protocol, as with other POCUS areas, there is cur-
rently no standardization of training and different models are used, 
including simulation training and live patient-based training.

Each model has its own advantages and disadvantages [26] but 
many ultrasound courses are still arranged within a fixed time-
frame, e. g., one day, or a fixed number of scans. Different trainees 
learn at different paces and a certain amount of time or a prespec-
ified number of scans does not guarantee that sufficient compe-
tency has been achieved. It is therefore crucial to insist on mastery 
learning.

This is very clear from the results of this study. Despite increas-
ing test results in the group with the longest hands-on time, the 
fraction of trainees actually passing the test was quite low. Just as 
many in the other point of care ultrasound examinations, the re-
sult of a FAST examination could potentially have a great impact on 
the treatment of the patient. Therefore, the test itself was designed 
to discriminate between FAST novices and experienced users [12]. 
Since the trainees in this study did not have any ultrasound experi-
ence before the course, this clearly demonstrates that one short 
course, despite increasing amount of hands-on time, is not enough 
to learn how to use ultrasound in patient management including 

interpretation of clinical findings, since this requires more exten-
sive training.

The most important limitation of this study is the different 
group sizes. However, medical education research study sample 
sizes are often small, so the large number of participants could ar-
guably make up for the unbalanced group sizes [27]. Another lim-
itation is the lack of randomization, although the novices in the 
three groups are all very similar. They were all recruited from the 
same sites, they all lacked ultrasound experience, and they were all 
within their first year of post-graduate training. All training was 
conducted by the same team, and they all performed the same 
standardized test.

Conclusion
This study demonstrates that scanning performance when learn-
ing ultrasound increases with prolonged hands-on time but the in-
terindividual variation among trainees is very large, thereby mak-
ing it impossible to define the “optimal” time for hands-on train-
ing. This supports the use of the concept of mastery learning where 
each individual trainee must continue training until proficiency is 
reached.
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Erratum

In the above-mentioned article, the affiliations were indicated 
incorrectly, the corresponding author was changed, and on p. E5, 
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