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Abstract 

Background The use of point-of-care ultrasound (POCUS) is increasing. Numerous investigators have evaluated 
the learning curves in POCUS, but there are no published studies on how emergency physicians perceive their own 
competence level with this skill.

Methods A nationwide survey amongst Finnish emergency physicians was conducted. The respondents reported 
their use of POCUS and how it has affected their clinical decision-making. The number of POCUS examinations per-
formed was compared to the self-assessed skill level with different applications. Cut-off values were determined for 
the number of examinations required to acquire a good self-assessed skill level in each POCUS application. The cor-
relation between self-confidence and the self-estimated skill level was analyzed. Several different statistical methods 
were used, such as Student’s t-test, Pearson’s correlation test, Loess method and ROC curve analysis.

Results A total of 134 out of 253 Finnish emergency medicine specialists and residents (52%) responded to the 
survey. The most commonly used POCUS applications were POCUS-assisted procedures, pleural effusion and pneu-
mothorax, inferior vena cava and lower extremity deep venous thrombosis. The initial rate of perceived skill acquisi-
tion was very steep with the curve flattening with greater skill and more experience. The number of examinations 
performed to reach a self-assessed good competence varied from seven to 75 with different applications. The lowest 
cut-off point for self-assessed good competence was obtained for rapid ultrasound for the shock and hypotension-
protocol and the highest for focused cardiac examinations. There was an excellent correlation between self-confi-
dence and the self-assessed skill level.

Conclusions The Finnish emergency practitioners’ self-assessed development of POCUS skills parallels the previously 
published learning curves of POCUS. The correlation of self-confidence and the self-assessed skill level was found to 
be excellent. These findings add information on the development of perceived POCUS skills amongst emergency 
physicians and could complement a formal performance assessment.
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Introduction
Point of care ultrasound (POCUS) is often defined as 
the medical use of ultrasound (US) technology for the 
bedside evaluation of acute or critical medical condi-
tions either in-hospital or in out-of-hospital settings. 
The term POCUS is used synonymously with other 
terms such as clinical, bedside, emergency, and physi-
cian-performed US. It is part of a larger field of clinical 
ultrasonography and is not meant to replace consulta-
tive US examinations [1].

The accuracy of multiple POCUS applications has 
been shown to be very good [2–5]. The value of POCUS 
is now gradually being recognized throughout the 
medical profession, as the use of POCUS has also been 
shown to improve patient satisfaction [6] and save 
health care resources [7, 8].

There are also concerns about the increasing use 
of POCUS, the most important being the quality of 
POCUS examinations [9]. POCUS, as with any other 
form of US, is heavily operator dependent and since 
the interpretation is made during the examination, it is 
necessary to be assured that the operator actually pos-
sesses the required skills.

An individual who is competent in POCUS should 
have the following capabilities 1) be able to identify 
when to perform a clinical US, 2) possess the techni-
cal skills required for US image and clip acquisition, 
3) be capable of accurately interpreting US images, 
and 4) be able to incorporate the sonographic findings 
into clinical practice [10]. The number of performed 
POCUS examinations is often considered as a sur-
rogate marker for competence. The American College 
for Emergency Physicians recommends 25–50 quality-
reviewed POCUS exams for an individual application 
and a total of 150–300 POCUS exams in order to gain 
sufficient competence [1]. Although these numbers 
were originally based on expert opinions, there are now 
several studies supporting them [11–15]. Once a high 
level of skill has been acquired, it seems to be retained, 
although it might need continued training and supervi-
sion to maintain it at the optimal level [16].

A review of studies concerning the self-assessment of 
physicians has shown that physicians appear to have a 
limited ability to accurately self-assess, with the poorest 
accuracy evident among two groups - the least skilled 
and the most confident [17]. However, the self-assessed 
competence does seem to correlate with self-confidence 
[18–20] which has been shown to have a positive influ-
ence in adapting new skills [21]. The higher the self-
confidence, the more likely that this will be reflected 
in higher POCUS use, which in turn enhances learning 
and potentially results in a better patient outcome [22]. 
As far as we are aware, there are no published studies 

evaluating how learners self-evaluate their POCUS 
skills.

The aim of this study was to acquire information on 
what POCUS examinations Finnish EM specialists and 
residents use in their clinical practice and how they self-
assess their skills in each of them. Additionally, we aimed 
to estimate how many examinations were required to be 
completed in order to reach a good self-assessed com-
petence in different POCUS applications. A nationwide 
survey was performed to achieve these aims.

Materials and methods
Study participants
Emergency medicine is a novel speciality in Finland. The 
first EM specialists trained according to the EM curricu-
lum only graduated in 2016 (later termed as “specialists”). 
Based on the records maintained by the Finnish universi-
ties, at the end of January 2021, there were 56 specialists 
and 253 residents. These records include residents who 
are not working on their residency for various reasons. 
As the focus of the study was on the residents actively 
working in their field of emergency medicine, we retro-
spectively contacted all residents from the universities 
of Turku and Eastern Finland that had not yet graduated 
as specialists and asked whether they were working on 
their residency or planned to graduate as an EM special-
ist. The number of residents who were neither working in 
EM nor intending to graduate as an EM specialist was 20 
(22%) out of 91 total residents in these universities. It was 
considered unlikely that these residents would answer 
this survey. Hence these individuals were excluded from 
the number of potential responders. These results were 
then extrapolated to the residents of all other universities 
resulting in a target group of 197 residents and therefore 
the total study population was 253 physicians.

POCUS training
POCUS is considered an important skill for the EM 
physician. However, as the speciality is novel and rap-
idly developing, POCUS training has not been given the 
highest priority. Whereas in some hospitals the training 
has been somewhat structured, in other institutions the 
training has been virtually non-existent. Thus, learn-
ing about POCUS and putting it into practice has been 
largely dependent on an individual’s personal motiva-
tion on whether they participate in POCUS courses. 
The recently instituted formal definition of the skill set 
required for an EM specialist includes POCUS as a man-
datory skill [23].

Study design
The questionnaire was specifically designed for this 
study. It was based on previous publications [24, 25] 
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and was supplemented with questions that were of spe-
cial interest to the authors. A statistician experienced in 
designing surveys and three emergency medicine (EM) 
specialists with expertise in POCUS reviewed the survey 
to assess its clarity and relevance. We piloted the sur-
vey on a small group of EM specialists and modified the 
questionnaire based on their feedback. The final ques-
tionnaire (Additional file 1) comprised open and closed-
ended questions related to demographics and primary 
occupation. The scope of POCUS applications was based 
on the European core curriculum for emergency medi-
cine [26].

Execution of the study
The survey was conducted in two phases. First, a pilot 
phase was conducted in autumn 2020 targeting EM res-
idents and specialists in the four hospitals that had had 
the longest duration of EM training in Finland. Subse-
quently, the on-line survey targeted all of the other EM 
specialists and residents in Finland between Jan 15th 
and Feb 28th, 2021. The request to fill in the survey was 
distributed through the nationwide EM trainer work-
ing group, the membership list of the Finnish Society of 
Emergency Medicine, private social media groups, uni-
versity records of EM residents and personal contacts of 
the research team.

Each respondent was provided with written informa-
tion about the survey prior to answering the questions. 
Participating in the study was voluntary and answer-
ing the survey was considered as the provision of an 
informed consent. The survey does not have any direct 
identification data on the respondents and the Ethics 
committee of the Pirkanmaa hospital district approved 
the study.

Methods
The respondents were asked to estimate the number of 
examinations that they had performed. They were also 
asked to self-assess their skill level in each of the 17 
applications. Additionally, they reported how extensively 
they thought that the POCUS exams affected the diag-
nostic process. With respect to the skill level assessment 
and how much POCUS affects the diagnostic process, a 
five-point Likert scale was used (1 = very poor, 2 = poor, 
3 = neither poor nor good, 4 = good, 5 = very good; there 
was also a sixth option 6 = do not perform the applica-
tion in question).

We analyzed the correlation between the self-reported 
skill level and the physician’s self-rated confidence with 
his/her competence in that field. As a surrogate marker 
for the overall self-assessed skill level in POCUS, we cal-
culated together the perceived competences of all the 

different applications. Thus, the numerical range of the 
overall skills extended from 0 to 85.

For the purposes of this study, the working places 
were categorized into three different categories: univer-
sity hospital, secondary hospital, and other locations. 
This was thought to reflect the distinctions between the 
different hospitals such as the availability of radiolo-
gist services outside office hours. Thus, if the access to a 
radiologist was limited, this might increase the need for 
POCUS. Additionally, the distinction reflects the on-site 
availability of physicians from other specialities result-
ing in different skill requirements for EM physicians. The 
status of residency was subdivided into three categories: 
junior resident (residency less than 4 years), senior resi-
dent (residency 4 or more years), and specialists.

Statistical analysis
The perceived self-assessed competence was compared 
to the self-reported number of examinations performed. 
The characteristics were expressed as means with stand-
ard deviations or frequencies and percentages. A locally 
weighted scatterplot smoothing method (loess) was used 
to generate a model for self-assessed skill acquisition 
for each individual type of examination. The scale of the 
number of examinations performed had a cut-off value at 
200 and all points above that value are designated as 200.

The ROC curve analysis was used to find the cut-
off point in the performed number of examinations in 
order to reach a self-assessed good competence for each 
POCUS application. For the purposes of this analysis, a 
dichotomous variable for self-assessed good competence 
was created. Self-assessed competence was defined as 
good when the self-assessed skill level was reported as 
Likert 4–5 (good or very good).

Student’s t test was used to compare means of overall 
self-assessed POCUS skill acquisition in different work-
places and at each stage of residency. Pearson’s correla-
tion test was used to compare the self-assessed skill level 
of the different POCUS applications with respect to how 
much the POCUS examinations had affected the diag-
nostic process. It should be noted that not every respond-
ent had performed all the various POCUS applications. 
All analyses are based on those respondents stating that 
they had actually performed that particular POCUS 
application.

Results
The overall response rate was 53% (134/253). The 
response rates of specialists and residents were 68% 
(38/56) and 49% (96/197), respectively. The character-
istics of the participants, presented in Table  1, show 
a slight male predominance (55%). The average age of 
specialists is only 39 years reflecting the novelty of the 
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specialty. The most extensively used POCUS applications 
were POCUS assisted procedures, pleural effusion and 
pneumothorax (Thorax 1), inferior vena cava and lower 
extremity deep venous thrombosis, as shown in Table 2. 
Table 3 shows that the overall self-assessed skill level in 
POCUS improves as the physician progresses in her/his 
residency.

The physicians were asked to answer only once to 
the questionnaire. We did not formally control that the 

orders were strictly followed. However, the background 
questions formed a profile and the answers formed a 
cluster for each individual participant. We did not recog-
nize any identical profile and cluster combinations in our 
material.

The self-rated assessments skill acquisition of the vari-
ous POCUS applications are presented in Fig.  1 which 
shows that the perceived initial learning gradient is steep. 
When a higher self-assessed skill level is acquired, any 

Table 1 Participants’ characteristics

Due to the varying numbers of non-responders and rounding up, all of the percentages might not equal 100%

Characteristic Total (%) Junior residents (%) Senior residents (%) Specialists (%)

Number of participants 134 56 35 38

Age (Years, SD) 36 (6.0) 32 (4.5) 37 (5.5) 39 (4.3)

Sex

 Male 73 (55%) 30 (54%) 17 (49%) 21 (58%)

 Female 59 (44%) 26 (46%) 18 (51%) 15 (42%)

Occupation

 University hospital 49 (37%) 18 (33%) 15 (44%) 14 (37%)

 Secondary hospital 69 (53%) 32 (58%) 15 (44%) 20 (53%)

 Other 13 (10%) 5 (9%) 4 (12%) 4 (11%)

Uses ultrasound in his/her clinical 
work

126/132 (94%) 51/55 (93%) 34/35 (97%) 37/37 (100%)

Table 2 Terms and definitions of POCUS ultrasound applications

Modified from European core curriculum for EM [26]. The applications are presented from the most to the least extensively used. The number of specialists and 
residents performing the application in question are presented. The number represents the number of respondents that stated that they used the different 
applications of POCUS in their daily clinical work and is also presented as a percentage of all respondents in that group e.g. a total of 85 residents used some form of 
POCUS in their clinical work, 60 of them examined IVC with POCUS - the percentage is 60/85 = 71%. Due to the fact that not all respondents answered all subsections, 
the total number is higher than the sum of specialists and residents

Term Definition Specialists n = 37 Residents n = 85 Total n = 126

Ultrasound assisted procedures Includes all ultrasound assisted procedures 76% (n = 28) 79% (n = 67) 75% (n = 97)

Thorax 1 Pleural effusion and pneumothorax 76% (n = 28) 75% (n = 64) 73% (n = 92)

IVC Assessment of inferior vena cava for volume load 
and central venous pressure

70% (n = 26) 71% (n = 60) 68% (n = 86)

Deep venous thrombosis Limited compression ultrasound 68% (n = 25) 69% (n = 59) 67% (n = 84)

Focused cardiac examination Pericardial fluid, left ventricular systolic function, 
enlargement of right ventricle

65% (n = 24) 68% (n = 58) 65% (n = 82)

FAST Focus assessment with sonography for trauma 70% (n = 26) 65% (n = 55) 64% (n = 81)

Urinary system Hydronephrosis, distended urinary bladder 68% (n = 25) 62% (n = 53) 62% (n = 78)

Gall bladder Gallstones and cholecystitis 68% (n = 25) 58% (n = 49) 59% (n = 74)

Abdominal aorta Abdominal aorta aneurysm 70% (n = 26) 56% (n = 48) 59% (n = 74)

Soft-tissue ultrasound Foreign body, fluid collection/abscess, cellulitis 65% (n = 24) 49% (n = 42) 52% (n = 66)

Intrauterine pregnancy Ruling-in pregnancy in uterus 62% (n = 23) 45% (n = 38) 48% (n = 61)

Thorax 2 Interstitial syndrome and pneumonia 51% (n = 19) 49% (n = 42) 48% (n = 61)

Musculoskeletal Fracture, joint effusion, tendon injury 59% (n = 22) 33% (n = 28) 40% (n = 50)

RUSH protocol Rapid ultrasound for shock and hypotension 51% (n = 19) 23% (n = 24) 34% (n = 43)

Ocular Retinal detachment, elevated intracranial pressure 35% (n = 13) 19% (n = 16) 23% (n = 29)

Small bowel obstruction Ruling-in small bowel obstruction 22% (n = 8) 16% (n = 14) 17% (n = 22)

BLUE protocol Bedside lung ultrasound in emergency 5% (n = 2) 9% (n = 8) 8% (n = 10)
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additional learning requires much more experience. It is 
also evident that the actual gradient of the learning curve 
varies for the different applications. Results from appli-
cations with less than 20 respondents were considered 
unreliable and were excluded from further analysis.

The cut-off points for acquiring good self-assessed 
skills ranged from seven to 75 performed examinations. 
The focused cardiac exam was considered as the hard-
est in which to achieve self-assessed competency, while a 
focused assessment with sonography for trauma (FAST), 
intrauterine pregnancy, small bowel obstruction, ocular, 
thorax (pneumonia and interstitial syndrome) and mus-
culoskeletal applications were considered as the easiest. 
A good perceived skill in rapid ultrasound for shock and 
hypotension (RUSH) protocol was found to be acquired 
with even fewer repetitions. The cut-off points for self-
assessed good competence are presented in Table 4.

There was an excellent correlation between the self-
assessed skill level and the physician’s self-confidence rat-
ing (r = 0.938, 95% CI 0.909 to 0.958, p < 0.001).

Discussion
The self-assessed development of skills in POCUS among 
EM physicians shows a steep perceived learning curve at 
the beginning of training. This finding is consistent with 
previous data based on the expert assessment of recorded 
POCUS studies [11–13, 27]. The self-assessed rate of 
skills improvement became less steep with more expe-
rience and higher self-assessed skills. The cut-off points 
for perceived good competence ranged between seven 
to 75 exams performed. The cutoff values are related to 
self-assessed skills, not to absolute competence. While 
the previous evidence on cut-off values for competency 

in POCUS is limited, this range of values parallels with 
most of the published literature [11, 13, 14, 27, 28]. These 
findings indicate that Finnish EM physicians’ estimation 
of their POCUS skills acquisition seems to be plausible.

Gaspari et al. assessed how clinical sonographers inter-
preted gallbladder US images on a digital videotape with 
the tapes being later reviewed by two expert sonogra-
phers with respect to interpretation, image acquisition 
and image quality [11]. In that study, 25 repetitions were 
found to be sufficient to acquire a clinical competency 
while in the current study the value was found to be 22. 
Jang et al. described a cut-off value of 30 for diagnosing 
hydronephrosis reliably with POCUS, while in our study 
the value was 35 [14]. In a retrospective review of a US 
database, various POCUS examinations performed by 
EM residents and physicians were recorded. The record-
ings were then evaluated by physicians who were experts 
in POCUS, in terms of image interpretation, image 
acquisition and image quality. The cut-off values for good 
competence in this study were higher than in other pub-
lished literature as the authors estimated that between 27 
up to 90 repetitions would be needed to reach a plateau 
for interpreting an image correctly and an average of 50 
exams were found to reach a reasonable performance 
level comparable to that of expert sonographers [12].

The ROC curve analysis shows the best approximation 
on the number of exams required to achieve good self-
reported competence; after that value, the rate of learn-
ing plateaus. In some of the applications the loess curve 
was again lowered after the cut-off point. In these appli-
cations, there were a limited number of respondents 
reporting a higher number of performed exams than the 
cut-off value. Hence the curve would be highly affected 
by even a single response. Slightly lower accuracy of 
POCUS in individuals gaining more experience has been 
published before [12]. One possible explanation is that 
with more experience and more skill, the physician may 
attempt to use the POCUS application in more complex 
settings resulting in a higher rate of failures. It is highly 
unlikely that the skills would deteriorate with increasing 
experience.

A focused cardiac examination displayed the high-
est cut-off point for perceived good skill in our study. 
No previous investigations were found where the per-
formance of a focused cardiac examination by emer-
gency physicians has been assessed. In the literature, 
a cardiac examination has been suggested to be one of 
the easiest applications to reach a competence plateau 
when the sole focus was on identifying the presence of 
pericardial effusion [12]. Nonetheless, when the focus 
was more complex, such as in this study, both acquir-
ing the correct acoustic windows and interpreting the 
results often became more difficult. We determined the 

Table 3 The overall self-assessed POCUS skills

The acquired overall self-assessed POCUS skills consisting of the competences 
in each of the 17 individual applications (maximum 85), subdivided by the type 
of working place and the status of the residency. A total of 101 respondents 
gave details of their primary working place while 100 respondents described the 
status of their residency

Overall skill compared to the primary working place

Hospital type Mean overall skill (SD)

University hospital (n = 48) 36.0 (19.6)

Secondary hospital (n = 54) 33.7 (18.5)

Other (n = 9) 43.5 (20.1)

Total (n = 101) 35.4 (19.1)

Overall skill compared to the status of residency

Status of residency Mean overall skill (SD)

Junior residents (n = 48) 27.0 (18.2)

Senior residents (n = 24) 37.5 (13.8)

Specialists (n = 28) 49.0 (16.7)

Total (n = 100) 35.6 (19.1)
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Fig. 1 Self-perceived skill development in different applications of POCUS. The scale of the Y-axis in each curve is one to five on a Likert scale 
(1 = very poor, 2 = poor, 3 = neither poor nor good, 4 = good, 5 = very good) representing the self-assessed skill level and the scale of the X-axis is 0 
to 200 reflecting the number of examinations performed. The scale was cut-off at 200 and all points above that are presented at that point
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cut-off point for self-reported good competence to be 
75 examinations. As the focused cardiac exam consists 
of only the basic applications of cardiac ultrasound, 
this seems reasonable when compared to a recommen-
dation issued by the American College of Cardiology 
that the physician should perform a minimum number 
of 150 examinations, before he/she can be considered 
competent to conduct a comprehensive echocardiolog-
ical assessment [29].

The least used POCUS applications in this study were 
small bowel obstruction, ocular, RUSH, musculoskel-
etal, intrauterine pregnancy, interstitial syndrome and 
pneumonia (Thorax 2), soft-tissue ultrasound and bed-
side lung ultrasound in emergency (BLUE) protocol. 
These applications have not usually been taught to physi-
cians new to POCUS. It is likely that the residents have 
initially learned some basic applications, such as deep 
venous thrombosis, FAST and gallbladder, and then later 
expanded their knowledge to these other applications 
and this might explain why fewer physicians were per-
forming these applications. As those physicians willing 
to adopt these applications probably already possess the 
basic POCUS skills, they are arguably able to learn new 

applications more easily, resulting in lower cut-off values 
for good self-reported competence.

The ROC curve analysis for interstitial syndrome and 
pneumonia (Thorax 2) revealed a cut-off value of 12.5 
after which the curve stabilized - a value somewhat lower 
than expected. A possible explanation would be that 
the question had two applications, interstitial syndrome 
and pneumonia, of which the first one is probably more 
often used and better understood, and some respondents 
might have considered their skill level based on only that 
diagnosis.

One of the studied POCUS applications was RUSH, 
which is a POCUS protocol for patients with hypo-
tension. It consists of several POCUS evaluations: 
abdominal aorta aneurysm, inferior vena cava, focused 
assessment with sonography for trauma, deep venous 
thrombosis, focused cardiac examination, pneumotho-
rax and intrauterine pregnancy. In this study, the cut-off 
value to achieve a self-assessed good skill was 7.5 with 
the loess curve displaying a steep learning gradient with 
low experience. It is likely that many of the respondents 
first learn certain individual POCUS studies. When these 
skills are already adopted, combining them as a standard 
protocol seems to be rather quickly embraced.

The correlation between self-assessed skill level and 
self-confidence was excellent, indicating that the individ-
ual’s self-confidence increased rapidly with training. This 
finding is consistent with previous studies focusing on 
other skills [18, 20, 30]. It seems that the cut-off point for 
good self-confidence parallels the cut-off point for good 
self-assessed competence.

Junior residents were the largest respondent group in 
this study, a fact that reflects the population of EM resi-
dents and specialists in Finland. As EM is a young spe-
ciality, many graduate physicians have entered into a 
residency but rather few have completed it already. The 
proportion of junior residents was highest in secondary 
hospitals. Residency is most often started in a second-
ary hospital and finished in a university hospital which 
explains this finding.

The overall self-assessed POCUS skills increased with 
the progression of the residency. Junior residents had a 
self-assessed skill level of 27.0, for senior residents it was 
37.5 and for specialists it was even higher, 49.0 i.e. this 
progression seems logical. There was also a minor dif-
ference in overall self-assessed skills related to the work-
places. The overall self-assessed skills were lowest in the 
secondary hospitals (33.7), consistent with the highest 
proportion of junior residents in these institutions as 
compared to university hospitals (36.0) and other loca-
tions (43.5) but it should be noted that these differences 
are rather minor.

Table 4 Cut-off values for good perceived competence in 
different POCUS applications

The number of repetitions needed to acquire a good perceived competence in 
different applications of POCUS. Cut-off points for perceived good competence 
were defined as self-reported skill of four to five (good or very good)

POCUS application Number of performed 
exams needed to 
acquire a good 
perceived competence: 
Cut-off values for good 
competence

Number of 
respondents

Ultrasound assisted procedures 27.5 95

Thorax 1 (pleural fluid, pneu-
mothorax)

22.5 92

IVC 17.5 86

Deep venous thrombosis 25 84

Focused cardiac examination 75 82

FAST 15 81

Urinary system 35 78

Gall bladder 22.5 74

Abdominal aorta 17.5 74

Soft-tissue ultrasound 15 66

Intrauterine pregnancy 12.5 61

Thorax 2 (pneumonia, intersti-
tial syndrome)

12.5 61

Musculoskeletal 15 50

RUSH protocol 7.5 43

Ocular 12.5 29

Small bowel obstruction 15 22
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This nationwide survey provides valuable information 
on the use and development of self-assessed skills and 
self-confidence in POCUS among Finnish EM physi-
cians, which can be viewed as the development of a novel 
skill within a new medical speciality. The residency has 
lately been shifting from being time-based to a compe-
tence-based assessment both in Finland and in multi-
ple other European countries. In Emergency Medicine, 
POCUS is named as one of the 24 key skills to be evalu-
ated throughout the residency. Nevertheless, also the 
competence-based residency includes a self-assessment 
of competency in addition to the evaluation by a supervi-
sor. The results of this study indicate that the accumula-
tion of self-confidence and self-assessed skill level exhibit 
a high correlation, and the cut-off points for the number 
of examinations required to achieve good self-assessed 
competence seem to parallel the cut-off points of good 
competence as assessed by an expert supervisor in previ-
ous studies [11, 13, 14, 27]. This finding adds information 
on perceived POCUS skill development amongst emer-
gency physicians and could complement a formal perfor-
mance assessment. In a resource-limited setting in which 
a formal accreditation is not available, these findings may 
help in determining when a physician is competent to 
perform POCUS in his/her clinical work.

Limitations
This study does not come without limitations. The data 
reported is based on retrospective self-assessments. It is 
impossible for an individual physician to remember the 
exact number of exams performed throughout his/her 
whole career. It has been previously shown that also phy-
sicians have a limited capacity for self-assessment [17]. 
However, the goal of this study was to compare the self-
assessment to previously published learning curves for 
various POCUS applications in order to gain information 
to complement other methods of skills’ evaluation.

The response rate of 53% was moderate. The univer-
sity records of residents include multiple individuals 
who are no longer working in EM and do not intend 
to finish their residency but have not yet switched to 
another speciality. Additionally, the university records 
include residents that are currently not working in EM 
e.g. due to maternity leave or military service i.e. indi-
viduals that are very hard to contact. In order not to 
overestimate the response rate, we included all the resi-
dents that we were not able to reliably exclude as poten-
tial respondents. As the questionnaire was directed 
to the residents actively working on their residency, 
the true response rate is most likely somewhat higher 
than that reported. The specialists, on the other hand, 
responded rather well with a response rate of 68%. As a 
whole, the response rate was somewhat higher than the 

response rates of other recent surveys targeting physi-
cians [31, 32]. It is possible that this response rate may 
lead to a non-response bias. Nonetheless, the demo-
graphics of the participants revealed a wide range of 
occupation, age, and status of residency and that should 
limit the possibility of non-respondent bias. In addi-
tion, a recent study suggested that the non-respondent 
bias might not be as influential as previously thought 
[33].

The number of respondents restricted our possibility 
to conduct subgroup analyses. In fact, trying to draw 
reliable conclusions from the self-assessed learning 
curves on applications with less than 50 respondents 
might have limited value. Furthermore, in most appli-
cations the number of respondents who reported over 
100 exams, was low.

However, while one may question the validity of the 
complete self-assessed learning curves in the different 
POCUS applications, overall, the results of this study 
illustrate rather well the perceived initial learning of 
POCUS skills amongst emergency physicians.

Conclusions
The self-assessed development of skills in POCUS 
amongst emergency physicians and residents parallels 
the previously published POCUS learning curves based 
on expert reviews of image acquisition and interpreta-
tion. Not surprisingly, there are variations in the cut-
off values for perceived good competence in different 
POCUS applications.
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