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Abstract

Introduction Learning motivation is essential to obtain and maintain ultrasound competencies in emergency
medicine. One’'s competencies herein and the need for ongoing training are best evaluated by self-assessment. This
may be flawed by overconfidence effects - the belief to be better than others or better than tests reveal. This study
aims to clarify the underinvestigated interaction of learning motivation and self-assessment in emergency point-of-
care-ultrasound (POCUS).

Methods In this cross-sectional multicenter project, physicians assessed their own and others’competence and
learning motivation using the Situational Motivation Scale comprising intrinsic motivation, external and identified
regulation, and amotivation. In addition, we presented eight ultrasound loops of different pathologies to emergency
physicians of various specialties.

Results Overall, the motivation to learn was high, while self-assessment showed no significant overconfidence

in POCUS. The rate of correct diagnoses based on the loops was relatively low. As a result, we did not detect
overconfidence effects in participants who completed questions (n=86) and tests (n=>56). Overplacing oneself above
peers negatively correlated with intrinsic learning motivation and identified regulation and positively correlated

to amotivation. Further analyses indicated that learning motivation was associated with the interactions of the
physicians'risk perception, speciality, and self-assessment.

Discussion The absence of overconfidence effects, the complexity of learning motivation and their interaction show
that prior findings in other contexts may not be easily transferable to POCUS and could be highly context-sensitive. In
conclusion, this study highlights high levels of learning motivation but relatively low diagnostic accuracy in POCUS,
which suggests the need for ongoing education and assessment. Ensuring that physicians continue to receive
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objective feedback and opportunities to refine their skills is critical for maintaining high standards of care. Despite the
small sample size and other limitations of the study, the results primarily served to generate hypotheses for future

research on emergency ultrasound education.

Keywords Overconfidence, Ultrasound, Sonography, EFAST, POCUS, Learning, Training metacognition

Introduction

Background

Point-of-Care Ultrasound (POCUS) is an emerging
competency for emergency and critical care. It can used
by medical teams in pre-hospital settings, emergency
departments, operating rooms, labour wards, and neo-
natal, paediatric, and adult intensive care units to iden-
tify life-threatening pathologies rapidly. Concerning its
limitations, its impact on patient safety, and the need for
education and expertise [1] POCUS protocols for dif-
ferent professions can provide valuable information for
integrated care [2], especially in shock, trauma [3, 4],
peri-arrest situations, after the return of spontaneous
circulation [5] and even for obstetrics [6] and pediatric
care [7, 8]. However, an error in POCUS may be critical
[1, 9]. Therefore, providers must receive training in using
and interpreting POCUS to acquire and maintain compe-
tence for patient safety [1]. As attending training alone is
no guarantee for proficiency, providers also must ensure
life-long learning motivation to deepen and preserve
their competencies [10]. This is not limited to POCUS
[11]. Efficient learning depends on multiple factors. Moti-
vation plays a critical role in this process and is largely
determined by self-assessment, interest, values, and
external factors. Self-assessment involves understanding
one’s knowledge, skills, problem-solving abilities, atti-
tudes, and behavior, which helps learners identify areas
for improvement and set realistic goals [12, 13]. Interest
in the subject matter can drive engagement and make
the learning process more enjoyable and effective [14].
Values, or the personal relevance of the knowledge or
skills to one’s life and goals, can enhance motivation [15].
External factors include supportive environments, such
as encouraging teachers, peers, and access to resources,
which also contribute to the motivation to learn [16]. A
growing body of evidence indicates that one’s perception
of their own abilities or self-confidence is the key medi-
ating factor in achievement efforts [17-19]. However,
the connection between overconfidence effects [20, 21]
and the motivation to learn remains a subject of ongoing
research.

Overconfidence can be observed in a wide range of
everyday skills (e.g., driving a car, quitting smoking,
investments, non-medical learning, gambling, and many
more) [20, 22-26]. It can be divided into overplacement
(relative overconfidence, believing you are better than
others, also known as better than average effect), over-
estimation (absolute overconfidence, believing you are

better than tests show), and overprecision (believing you
know the truth) [20].

A related bias is the phenomenon of clinical tribalism.
This “in-group bias” leads to the assumption that one's
own social group is superior to other groups, which
affects team interaction and patient safety [27].

Motivation to learn can be described by the Self-deter-
mination theory [28]. This is a comprehensive psycho-
logical framework, focusing on human motivation and
personality. The theory posits that individuals have three
basic psychological needs: autonomy, competence, and
relatedness. Autonomy refers to the need to feel in con-
trol of one’s actions and decisions. Competence involves
the need to feel effective and capable in one’s activities.
Relatedness is the need to feel connected to and cared
for by others. When these needs are satisfied, individu-
als are more likely to experience intrinsic motivation,
which is the drive to engage in activities for their inher-
ent satisfaction and enjoyment. This intrinsic motiva-
tion leads to higher levels of engagement, performance,
and well-being. In contrast, extrinsic motivation is driven
by external rewards or punishments. However, extrinsic
motivation is complex and shaped by the same factors
(competence, autonomy, and relatedness). On one end
of the continuum, amotivation represents a lack of drive
and difficulty in fulfilling one’s needs. Moving forward,
external regulation involves actions motivated by exter-
nal rewards or penalties. Identified regulation is guided
by personal values and goals. At the other end, intrinsic
motivation is fueled by genuine interest, enjoyment, and
the inherent satisfaction derived from the activity itself
[29].

To date, there is limited research on the correlation
between learning motivation for POCUS and overconfi-
dence effects, which may impact motivation by hinder-
ing metacognition—the ability to reflect on one’s own
thought processes [30]. However, overconfidence should
be distinguished from the ‘Dunning-Kruger Effect, where
individuals with lower competence may struggle to rec-
ognize their own limitations, leading to inflated self-
assessments [31]. The Dunning-Kruger Effect is generally
considered a statistical artifact [32, 33]. In contrast, over-
confidence effects are genuine and can occur across vari-
ous levels of competence.

Previous projects conducted by our working group
have identified overplacement and clinical tribalism in
various medical competencies such as hand hygiene
[34, 35], basic life support [36], and management of the
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second victim phenomenon [37]. In these projects, we
were able to identify three different types of learners
[36, 38]: motivated, confident, and competent “experts’,
motivated but incompetent and overconfident “recruita-
bles’, and unmotivated, incompetent, and overconfident
“unawares”. These previous studies in other medical fields
indicate that the unaware group did not consider them-
selves incompetent, suggesting a more complex dynamic
that requires further research in an underinvestigated
fields of medicine to generate further hypothesis. Under-
standing these dynamics may be important for devel-
oping effective strategies to enhance self-awareness,
motivation, and overall competency among healthcare
workers.

Objective

This study aims to assess the presence of overconfidence
in POCUS in emergency medicine and its correlation
with learning motivation measured by the Situational
Motivation Scale (SIMS). We hypothesised that over-
confidence effects are present (Hla for overplacement
and HI1b for overestimation) and correlate with learn-
ing motivation (H2). Furthermore, in line with previous
studies, we hypothesize that physicians can be grouped
into the three distinct clusters of experts (competent and
motivated), recruitables (not competent but motivated),
and unawares (not competent and not motivated) as
shown in previous studies (H3).

Methods

Study design, setting and participants

We conducted a cross-sectional, anonymous online sur-
vey of approximately 500 physicians in Germany work-
ing in emergency medicine or intensive care: Participants
worked in two University hospitals, four Level III hospi-
tals, one Level I hospital or in prehospital care. The sur-
vey was conducted between October 2022 and February
2023. Participants from anaesthesiology, critical care,
trauma surgery and emergency medicine were contacted
via email and clinical information systems with three
reminders. Data collection was carried out by the survey
platform (Umfrageonline, Enuvo GmbH, Zurich, Swit-
zerland). Participants were eligible if they were actively
involved in pre-hospital or in-hospital emergency medi-
cine or critical care.

Variables

The online survey, which was developed and pre-tested,
included demographics, items relating to motivation to
learn, self-assessment of own and others’ competence
in POCUS, and risk assessment. Participants were also
shown eight ultrasound loops and asked for the correct
diagnosis in the free-entry field.
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Learning motivation was measured using a German
translation of the SIMS that was used in the preceding
work [36, 37, 39, 40] and adapted to the setting of the
POCUS training. This SIMS instrument consisted of four
subscales and asked participants to reflect on their feel-
ings and attitudes when attending a typical POCUS train-
ing course. Each subscale further consists of four items:
intrinsic motivation (e.g., “Because I feel good when
doing this activity”), identified regulation (e.g., “Because
I am doing it for my own good”), external regulation (e.g.,
“Because I am supposed to do it”), and amotivation (“I
don’'t know; I don’t see what this activity brings me”). All
items are scored on an ascending 7-point Likert Scale
ranging from one, “completely disagree’, to seven, “com-
pletely agree”.

Self-assessment regarding POCUS. We used an explor-
atory six-item instrument to measure POCUS for one’s
own, anaesthesiologists, and trauma surgeons’ compe-
tencies. The competencies comprised factual knowledge,
psychomotor skills, attitude, problem-solving, corrective
feedback and reception of feedback and were measured
on a five-point rating scale, ranging from one “completely
disagree” to five “completely agree” The scales were cal-
culated as the mean of the six items.

Perceived risk was measured by two ISO 31,000 con-
form risk assessment [41] items on the maximum pos-
sible harm to patients from an error in POCUS and how
often this occurs in their workplace. Items were scored
on an ascending 5-point ordinal scale. The first item
measured the maximum possible harm of incorrectly
performed POCUS as one “without consequence’; two
“minor—without any long-lasting effect’, three “severe—
prolonged hospital stay’, four “critical—with long-lasting
effects’, and five “lethal” The second item measured how
often a patient was harmed in the working environment
by inadequately performed POCUS as one “uncommon
(once in more than three years)’, two “seldom (once every
three years)’, three “occasionally (once a year)”, four “often
(once every three months)’, and five “very often (once a
month)”.

Eight ultrasound loops of clinical cases in emergency
medicine in single-plane view were anonymized before
extraction from the ultrasound scanner (cases are listed
in Table 1 in Supplement 1). These loops were uploaded
to YouTube (R) and are only accessible with the direct
link. Additionally, we described eight corresponding
fictional case vignettes developed by the research team
and tested for content validity by 14 physicians (see
supplement 1). All information in the cases was fictious,
including age and gender, to protect the anonymity of
the original patients. The highest possible score was 1
(or 100%), indicating an accurate diagnosis for all cases,
while a score of O represented an incorrect diagnosis.
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Table 1 An example of the fictious case vignettes used (all eight cases are displayed in supplement 1)

Case Vignette Assess-
ment
goals

1 You care for a 25-year-old male after a motorcycle accident in the emergency department. POCUS shows the video above. Cor-

A: endotracheal tube, etCO 34 mmHg rect

B: ventilated, FiO2 0.7, Bilevel 35/5 mbar, RR 20, SpO2 100% pathol-
C:NIBP 70/30 mmHg, HR 141/min, ReCap time 5 s, sinustachycardia ogy:

D: GCS 3, RASS -5, sedated, Miosis Recog-
E: Temperature 36,4 °C, left forearm fracture, suspected femoral fracture left, multiple bruises nition

S: Accident on the highway 45 min ago, intubated on site with GCS 6, NIBP 170/100 mmHg, HF 44/min and anisocoria left > right

A: not known
M: not known
P: not known
L: not known

E: collided with truck (80 km/h) with his motorcycle (at least 80 km/h)

ABG: pending
X-Ray: not conducted yet
12 lead ECG: Sinustachycardia, normal axis, no ST changes

of free
peri-
splenic
fluid or
sus-
pected
rupture
of the
spleen

These cases included a motorcycle accident with peri-
splenic fluid due to splenic laceration (#1), obstructive
cardiac shock with the D-Sign in the parasternal short
axis (#2), a deteriorating patient with mesenteric isch-
emia and portal gas bubbles in the right subcostal plane
(#3), abdominal pain with POCUS to Koller’s pouch
showing no pathology (#4), a right-sided haemothorax
(#5), a patient in cardiogenic shock with POCUS show-
ing a parasternal long axis view with cardiac tampon-
ade (#6), a patient with desaturation after central venous
line placement showing the lung in M-mode without
pathology (#7), and a geriatric patient with sepsis in the
emergency room with pneumonia and POCUS signs of
atelectasis and pleural effusion (#8). The answer was cor-
rect if the primary pathology was correctly identified.
The loops can be accessed via the URLs provided in Sup-
plement 2. The developed and pretested questionnaire is
presented in Supplement 2 in an English version trans-
lated by the authors.

Relative Self-Assessment was calculated as the relative
ratio of the self-assessment of one’s own and the com-
petencies of anaesthesiologists or trauma surgeons. We
were unable to calculate the Relative Self-Assessment for
internal medicine physicians or pediatricians, as we did
not include items that allowed them to assess their com-
petencies in relation to their peers concerning POCUS.
This ratio may be greater than or less than one, indicat-
ing whether individuals rate their own abilities higher or
lower compared to their colleagues, reflecting not just
overplacement but also instances where one may appre-
ciate colleagues’ skills more than their own.

Self-evaluation to accuracy ratio was measured as the
relative ratio between the self-assessment of knowledge
and attitude regarding POCUS and the proportion of
correctly identified pathologies of the eight ultrasound
loops. We included the participants who responded
to at least two out of eight cases ultrasound cases. The

decision to use a minimum of two cases was driven by
the small sample size, which constrained our ability to
apply stricter inclusion criteria. Setting a higher thresh-
old could have excluded too many participants, reduc-
ing the statistical power of the analysis and potentially
leading to biased results. By allowing participants with at
least two completed cases, we aimed to balance the need
for meaningful data while retaining as many participants
as possible for the analysis. Since the two variables were
measured by different scales (mean of self-assessment
of knowledge and attitude regarding POCUS from 1 to
5 and the proportion of correctly identified pathologies
from O to 1), we z-standardized and added a constant of
100 to both variables to have a positive scaling on both
sides of the fraction.

Statistical methods

SPSS 29 (IBM) was used for statistical calculations. To
test for the presence of overplacement (Hla), we per-
formed the t-test for dependent samples comparing one’s
own and the competencies of colleagues of the same
specialty.

The presence of overestimation (H1b) was tested using
the t-test for dependent samples to compare the z-trans-
formed mean of the self-assessment of knowledge and
attitudes regarding POCUS and performance on the
ultrasound loops, to which we added the value of 100
after transformation.

We assessed linear correlations between Relative Self-
Assessment, Self-evaluation to accuracy ratio and four
dimensions of learning motivation (hypothesis 2) using
Pearson’s product-moment correlation matrix.

Pearson’s correlations and paired t-tests were per-
formed using bias-corrected and accelerated (BCa) boot-
strapping method at 95% confidence intervals (BCa based
on 1,000 samples).
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To test H3 (the presence of three groups), a 2-step clus-
ter analysis was performed. We included learning moti-
vation, self-assessment regarding POCUS, the proportion
of correctly identified ultrasound pathologies, and the
risk to the patient after an incorrectly POCUS diagnosis
as a categorical variable. We used the log-likelihood mea-
sure of distance and performed the analyses twice, choos-
ing the Bayes Information Criterion (BIC) and the Akaike
Information Criterion (AIC), respectively. Following the
two-step analysis, we reviewed the mean Silhouette coef-
ficient of cohesion and separation for the proposed clus-
ter solution to evaluate the appropriateness of the result
(values above 0.25 are considered satisfactory, and values
above 0.45 are considered appropriate).

Other analysis

Further, we conducted a post hoc analysis to examine the
impact of risk perception on learning motivation and its
correlation with specialty and self-assessment of com-
petencies regarding POCUS, given the varying patterns
of correlations observed across specialties. We hypoth-
esized that specialty correlates with risk perception and
explored how the interaction between specialty and risk
perception, moderated by self-assessment, correlates to
learning motivation. This post hoc analysis serves pri-
marily for hypothesis generation and suggests directions
for future research.

We used model 3 (see Fig. 1) with two interacting
moderators of SPSS Process Macro from Hayes to test
the three-way interaction between risk perception, spe-
cialty, and self-assessment on learning motivation [42].
Risk perception was included as a predictor, specialty as
a categorical moderator (with anesthesiology as a refer-
ence category), self-assessment as a continuous mod-
erator and four motivational dimensions as criterion
variables in four separate moderation analyses. We used
anesthesiologists as the reference (baseline) category
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for the categorical moderator specialty in our analysis.
Anesthesiologists were chosen as they represent the larg-
est specialty group in emergency medicine in Germany
and were also the most numerous group in our sample.
Using them as the reference point allows us to make
clearer comparisons between anesthesiologists and the
other specialties—trauma surgeons and internal medi-
cine physicians. This approach helps highlight differences
in motivation and self-assessment patterns for POCUS
training across specialties, with anesthesiologists serv-
ing as a meaningful baseline for interpreting these dif-
ferences. The model applies the bootstrapping method
per default with the deviation correction based on 5000
samples at the 95% confidence interval.

Results

A total of 132 participants responded (response rate
26.4%), 110 (83.3% of respondents) completed the core
part of the survey (without ultrasound loop interpreta-
tion), 52 (39.4% of respondents) completed at least two
loops, 47 (38.2%) completed the survey with missing
items, and 31 (23.4%) completed the entire survey includ-
ing all items.

Of all participants, 46 (37.4%) were female. The mean
age was 36.6 years (SD 7.3 years). 87 (70.8%) participants
were anesthesiologists, 10 (8.1%) were internal medicine
physicians, 18 (14.6%) were surgeons, and eight (6.5%)
were others. Of all respondents, 62 (50.4%) had never
attended a POCUS course.

The overall motivation to learn POCUS competen-
cies was high among participants, with particularly
strong levels of intrinsic motivation (M =6.1, SD=0.87)
and identified regulation (M =6.40, SD=0.68). Extrinsic
motivation (M =2.3, SD=1.1) and amotivation (M =1.6,
SD=0.8) were notably low. Self-assessment among the
sample was moderate (M=3.6, SD=0.6). Despite this,
the proportion of correct diagnoses for specific cases

Risk perception

Speciality

Motivation

Self-Assessement

Fig. 1 Moderation Model for POCUS for all participants — In this study we examined the impact of risk assessment on learning motivation moderated by
the speciality. The moderating effect of the speciality is itself moderated by self-assessment
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involving ultrasound loops was modest, with partici-
pants correctly identifying 60% of pathologies on average
(M=0.6, SD=0.2), whether they reviewed two cases or
any number up to all eight.

For all participants, we found no overplacement
effects towards their group (for one’s competencies:
mean (M) =23.52, standard deviation (SD)=0.56, and for
other physicians’ competencies: M=3.40, SD=0.62, t
(85)=1.93, p=0.05). Therefore, hypothesis 1a, the pres-
ence of overplacement, was rejected.

The paired t-Test revealed that participants do not rate
their competencies higher than their performance on the
ultrasound loops (¢ (51) =0.46, p=0.63). Hence, hypoth-
esis 1b (the presence of overestimation) was also rejected
indicating as physicians did not rate their performance
regarding POCUS to be higher than it actually is.

Relative self-assessment exhibited a moderate negative
correlation with intrinsic motivation (r=-0.41, p <0.001)
and identified regulation (r=-0.41, p<0.001), as well as
a weak positive correlation with amotivation (r=0.28,
p=0.01). This suggests that higher relative self-assess-
ment, indicating overplacement, is associated with lower
intrinsic motivation and identified regulation, as well as
higher levels of amotivation. No significant correlations
were found between external regulation and relative self-
assessment. In contrast, the self-evaluation to accuracy
ratio was significantly positively correlated with external
regulation (r=0.36, p=0.01), indicating a medium effect
size. This implies that physicians who have a higher self-
evaluation to accuracy ratio (indicating overestimation of
their performance) tend to report greater levels of extrin-
sic motivation. Thus, hypothesis 2 was confirmed.

After performing the two-step cluster analysis with
intrinsic motivation, external regulation, and identified
regulation (amotivation was excluded due to the strong
correlation to identified regulation and intrinsic motiva-
tion), the self-assessment of one’s competencies and per-
formance regarding diagnostics based on the ultrasound
loops as the continuous variables and the maximal risk as
a categorical variable using log-likelihood instant mea-
sure and after choosing BIC and AIC Criteria, the anal-
ysis showed an optimum of two clusters. However, the
Silhouette measure of cohesion and separation was poor
(<0.25). In conclusion, physicians could not be grouped
based on overestimation, motivation to learn, and risk
perception. Hypothesis 3 was, therefore, also rejected.

Other analyses

The regression analysis explored how perceived risk, self-
assessment of competencies, and medical specialty, along
with their interactions, influenced amotivation among
physicians. In this analysis, anesthesiologists served as
the reference category.
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Overall, we found that perceived risk did not have a
significant impact on amotivation, as indicated by the
non-significant coefficient. When comparing different
specialties, trauma surgeons were notably less amoti-
vated than anesthesiologists, as reflected in a significant
negative coefficient. However, no significant differences
were found between internal medicine physicians and
anesthesiologists in terms of amotivation.

We also looked at how these factors interacted. The
interaction between perceived risk and internal medicine
physicians did not significantly affect amotivation, but
the interaction between perceived risk and trauma sur-
geons was significant, suggesting that the combination of
these factors plays a role in reducing amotivation among
trauma surgeons.

Self-assessment of competencies alone did not show
a strong relationship with amotivation. Additionally,
higher-order interactions—such as those involving per-
ceived risk, specialty, and self-assessment— also did not
yield significant effects. The exception was the three-way
interaction between perceived risk, trauma surgeons, and
self-assessment, which was significant. This finding sug-
gests that trauma surgeons who perceive higher risks and
have a lower self-assessment profile are more likely to
experience amotivation.

In contrast, there were no significant three-way interac-
tions in the associations between risk perception, intrin-
sic motivation, and identified and external regulation.

Simple slopes analysis revealed that the higher risk
awareness concerning POCUS for anaesthesiologists
resulted in lower amotivation, independent of their self-
assessment. For surgeons, higher risk stratification for
POCUS leads to higher amotivation, especially in the
case of poor self-assessment. No interaction was found
for internal medicine physicians (see Table 2; Fig. 2a, b
and c).

Discussion

Our study confirmed that the motivation to learn
POCUS among emergency medicine physicians is high,
particularly intrinsic motivation and identified regula-
tion, which is critical for sustained learning and compe-
tency. This is consistent with previous research [43, 44]
and highlights the significance of intrinsic motivation
for professional development in medical education and
POCUS. However, overconfidence effects, as measured
by overplacement and overestimation, were not signifi-
cantly present in our sample. This contrasts with findings
in other areas of medical education, where overconfi-
dence is more prevalent, such as hand hygiene [34, 35,
38, 45-47], basic life support [36] and second victim phe-
nomena [38]. This may suggest that, within the domain of
POCUS, physicians have a relatively accurate assessment
of their abilities, or it could be due to the small sample
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Table 2 Analysis of two interacting moderators, specialist
discipline and self-assessment of one’s own competencies, on
the association between risk-perception and amotivation

Predictor B BBCa BBCa
95%Cl 95%
lower Cl

upper

constant 2.81 -3.67 9.29

Perceived risk -0.19 -1.81 143

Internal medicine' -1.73 -24.70 2125

Trauma surgeons' -16.01 -30.72 -1.30

Interaction_1: 16 -4.82 5.14

Perceived risk*internal

medicine’

Interaction_2: Perceived risk*trauma 421 0.72 7.70

surgeons'

Self-assessment of one’s own -0.01 -1.90 1,87

competencies

Interation_3: -0.03 -0.50 044

Perceived risk* Self-assessment

Interaction_4: 0.14 -551 5.79

Self-assessment*internal medicine'

Interation_5: 3.73 -0.11 7.57

Self-assessment*trauma surgeons'

Interaction_6: 0.01 -1.24 1.26

Perceived risk*internal medicine' *

Self-assessment

Interaction_7: -0.96 -1.88 -0.03

Perceived risk*trauma surgeon' *
Self-assessment

Criterion variable is amotivation ,'Referent category is anesthesiologist, B:
unstandardized regression coefficient, B BCa 95% Cl lower and B BCa 95% Cl
upper:lower and upper limits of bias-accelerated bootstrapped 95% confidence
interval based on 1000 samples

size that is not representative of the broader population
of emergency medicine physicians. However, the results
of various studies indicate that physicians do not rate
themselves highly regarding POCUS competencies [48,
49] and that they are reasonably accurate in their self-
assessments [50].

Interestingly, while overplacement and overestimation
were not significantly detected, relative self-assessment
was negatively correlated with intrinsic motivation and
identified regulation. This suggests that physicians who
overplaced their abilities compared to their peers were
less intrinsically motivated to learn. On the other hand,
self-evaluation to accuracy ratio was positively corre-
lated with external regulation, indicating that those who
overestimated their abilities were more likely driven
by external factors, such as recognition or rewards.
These correlations underscore the complex relation-
ship between self-assessment and motivation in medi-
cal education. Alternatively, it is possible that we did
not observe ceiling effects in self-assessment for the first
time because the physicians perceived this competency
as particularly challenging [51]. This may have resulted
in a more balanced distribution of individuals who were
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both under- and overconfident, which could explain the
observed correlations. The complexity of the task might
have led to more honest self-reflection, capturing the
entire range of self-assessment abilities [50, 52].

Our hypothesis that physicians could be grouped into
distinct learner categories (H3) was not supported. While
previous studies in other medical competencies identified
or used clusters of learners [36, 37, 53], our analysis did
not reveal such clear distinctions in the POCUS context.
This may be due to the unique nature of POCUS training,
where the technical and cognitive demands differ from
other medical competencies [54], perceived difficulty or
the relative novelty of POCUS in Germany. Alternatively,
the lack of distinct groups could suggest that the sample
was more homogeneous in terms of motivation and com-
petency, or that the measures used were not sensitive
enough to detect meaningful differences.

Finally, our post hoc analysis exploring the interaction
between risk perception, specialty, and self-assessment
of competencies on learning motivation yielded interest-
ing findings. We discovered that trauma surgeons who
perceived higher risks associated with POCUS and had
lower self-assessments were more likely to experience
amotivation. This indicates that the interplay between
perceived risk and self-assessment significantly impacts
motivation to learn POCUS, especially in high-stakes
specialties. Conversely, higher risk awareness among
anesthesiologists was associated with lower levels of
amotivation, suggesting that risk perception may have
a protective effect on motivation in this group. How-
ever, it is essential to note that this does not imply that
surgeons are unwilling to take risks. In fact, our analy-
sis revealed that, when self-assessment is not taken into
account, trauma surgeons generally display lower levels
of amotivation compared to anesthesiologists, even in the
presence of higher perceived risks. However, when self-
assessment is included in the analysis, a distinct pattern
emerges: trauma surgeons who lack confidence in their
abilities may experience increased amotivation as patient
risk rises. In contrast, anesthesiologists demonstrate
relatively stable levels of amotivation, regardless of their
self-assessment, suggesting that their motivation to learn
is less dependent on their confidence in their compe-
tencies and more influenced by their perception of risk.
Although the groups of anesthesiologists, trauma sur-
geons, and internal medicine physicians were unequal in
size, as noted in our limitations, and our findings are post
hoc, they offer first insights of these interactions that may
inspire future research. We acknowledge that this imbal-
ance, coupled with convenience sampling, introduces
potential statistical bias and limits generalizability to the
broader population. To address this, we used bootstrap-
ping to enhance robustness. Despite these limitations, we
believe this finding may reflect a real phenomenon worth
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Fig. 2 Moderating effect of specialist discipline on the relation between perceived risk and amotivation among physicians: a) with lower self-assessment
of one’s own competencies (Mean (M) =3 on an ascending Likert scale from 1 to 5) b) with moderate self-assessment of one’s own competencies (M=3.5
on an ascending Likert scale from 1 to 5) €) with high self-assessment of one’s own competencies (M=4.2 on an ascending Likert scale from 1 to 5) X-axis
depicts perceived risk for patients after incorrectly performed POCUS procedure from 3 “medium’, 4 “critical” to 5 “lethal”. Left Y-Axis shows amotivation
(1-7 points with 7 as maximum amotivation). The specialist disciplines displayed are anaesthesiology (blue), trauma surgery (green) and internal medicine
(red). (@) and (b) Lower and moderate self-assessment show that anaesthesiologists’ amotivation lowers with higher risk-assessment. In contrast, sur-
geons'amotivation rises with higher risk-assessment. There is no significant correlation between perceived risk and amotivation among internal medicine
physicians. (c) Perceived risk does not correlate with amotivation among surgeons and internal medicine physicians with high self-assessment of one’s

own competencies. Among anaesthesiologists the risk-perception is negatively correlated with amotivation

further investigation. This pattern, though complex, may
be linked to established psychological constructs of risk
aversion and task avoidance in high-stakes environments,
that have been already observed in emergency health-
care settings [55, 56]. Task avoidance often occurs when
individuals with low self-efficacy perceive certain tasks,
such as POCUS, as risky due to possible misdiagnosis or
errors. This perception can lead persons to avoid POCUS
or to pass it to those they consider more skilled, despite
its potential benefits for patient care [57]. These findings
emphasize the need for targeted motivational strate-
gies that consider the unique contexts of each specialty,

focusing on balancing risk awareness with support to
enhance confidence in learning.

Our study revealed that nearly half of the participating
physicians had not received formal training in POCUS,
which likely contributed to their modest performance
in accurately interpreting the ultrasound loops [58].
There is evidence that training programs can signifi-
cantly enhance POCUS competencies among physicians
[59-61]; however, retention of these skills remains a chal-
lenge [10]. Our post hoc analysis, which found no sig-
nificant differences in diagnostic performance between
those with POCUS certification or trainer experience
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and those without formal training or with a non-certified
course, aligns with findings in the literature [10]. Motiva-
tion and self-assessment scores were also similar across
groups, supporting previous research that motivation
alone does not ensure mastery of POCUS skills in the
absence of structured and ongoing practice. These results
were based on an independent samples t-test with BCa
95% confidence intervals, using 5,000 bootstrap samples.
However, our sample size for participants with diagnostic
performance data may have limited our ability to detect
moderate or smaller differences. Furthermore, the lack
of both formal education and consistent hands-on prac-
tice limits the development of essential diagnostic skills
[58], leaving physicians less equipped to identify critical
pathologies. Although participants demonstrated high
motivation, especially intrinsic motivation, the absence
of structured, ongoing training and insufficient practi-
cal supervision could have hindered their mastery of
POCUS [62].

It is well-established that only highly competent practi-
tioners can truly leverage POCUS to benefit patient out-
comes [9, 63]. The sensitivity and specificity of POCUS
in emergency settings vary significantly across studies,
with results ranging from very good to poor [64—66].
This variability can largely be attributed to the compe-
tency level of the performer [66, 67]. Thus, competency
in POCUS is not only desirable but crucial for delivering
accurate diagnostics in high-stakes environments. These
findings reinforce the importance of robust training pro-
grams, coupled with continuous practice, supervision,
and feedback, as essential components in acquiring and
maintaining the competencies necessary for effective
POCUS use [62].

Limitations

Our study faces several limitations. The first was the
small sample size with a high response burden and a large
percentage of anaesthesiologists compared to other spe-
cialties. Nevertheless, our data was collected from multi-
ple institutions and clinical groups involved in emergency
medicine enhancing meaningfulness. However, our non-
representative sampling method may have introduced
selection bias, limiting the generalizability of our findings
to the broader population of anesthesiologists, trauma
surgeons, and internal medicine physicians. Response
bias is another limitation; out of 500 physicians con-
tacted, only 31 completed all items, including the eight
loops. Additionally, we inquired about experiences with
a POCUS course, even though half of the participants
had not attended any formal POCUS training. Future
studies with larger sample sizes should evaluate the role
of a POCUS user’s specialty or role in the POCUS-using
environment, especially as we found differences for spe-
cialties in the moderation and subgroup analyses.
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Second, we used videos in a single ultrasound plane
and fictional patient vignettes as a surrogate for real
cases. However, case vignettes are acknowledged in
medical education for robustness and validity [68]. Addi-
tionally, some participants accessed the survey via smart-
phone, resulting in a lower display quality of the loops.
As a result, our ultrasound loops, especially when viewed
on a smartphone, may be limited in representing actual
clinical cases. On the other hand, smartphone-based
POCUS with high resolution is starting to play a role in
prehospital emergency medicine and might be utilized in
clinical practice [69].

Third, generalization to other countries may be lim-
ited, as in Germany, anaesthesiologists are also critical
care physicians. In many other countries, emergency and
critical care medicine are separate specialties. Addition-
ally, POCUS is not an integral part of all specialties and
its implementation in clinical practice varies. In recent
years, however, the German Association for Ultrasound
(DEGUM) has developed programs for POCUS training
that are not limited to the specialty and can be attended
by all physicians who meet the criteria. In Germany, these
programs are mainly attended by internal medicine phy-
sicians, traumatologists, radiologists, visceral surgeons,
anesthesiologists, general practitioners, and pediatri-
cians. Therefore, researchers in other countries should
concentrate on possible differences in those specialties.

Fourth, we computed the proportion of correctly iden-
tified pathological conditions only when two ultrasound
loops were responded to. Some participants might have
omitted various loops since they could not identify the
pathology and proceeded with the questionnaire. We did
not characterize the non-response as incorrect in such
cases. In future studies, this finding should be reevalu-
ated critically.

Fifth, this was a cross-sectional study that cannot be
used to infer causality. This refers, particularly, to the
results of the moderation analysis. Further, we used the
translated SIMS originally developed for physical activi-
ties. However, this score showed acceptable factor struc-
ture in preceding work in medical education [40] and
German translation [35, 36] with the need for ongoing
evaluation.

Sixth, the simple slope analysis has some limitations.
The varying group sizes among the different specialities
could have influenced the results. For example, there
were only ten internal medicine participants in the sam-
ple. The restrictive variance limits the interpretability of
the results of this analysis.

Seventh, the real-life implications of these psychologi-
cal findings on overconfidence and learning motivation
remain unknown. This first investigative study, which
was intended to search for the effect, not its conse-
quences, cannot answer this question. However, the mere
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existence or absence of over- or underconfidence effects
does not categorically lead to the conclusion that occur-
rence of the effects may be harmful or protecting.

Interpretation

Regarding the limitations and demand for future investi-
gations in larger sample sizes, we conclude that overcon-
fidence effects (H1) and learning patterns (H3) may not
be as present in POCUS as in other established fields of
medicine. Further, we conclude that learning motivation
in POCUS is a complex topic that is not easily assessed
and partially dependent on risk assessment, self-assess-
ment and the user’s role in POCUS-adapting environ-
ments (H2). Consequently, trainers, medical educators,
educational researchers, and curriculum developers
should focus on the learners’” homogeneity on the one
side and diversity on the other side to develop tailored,
efficient, and sustainable training in POCUS for begin-
ners, fellows, and experts. This is crucial, as POCUS is an
emerging skill in most medical disciplines and amongst
many medical professionals, including paramedics or
specialized nurses, which needs to be mastered in order
to reduce misconceptions, medical errors, and inefficient
learning formats relevant to patient, workplace and insti-
tutional safety.
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