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Abstract
Background:Point-of-care ultrasound (POCUS) has become increasingly incorporated into medical
school curricula in recent years, despite the rigorous demands of undergraduate medical education. This
study aims to explore the feasibility and efficacy of a self-directed ultrasound curriculum to increase
undergraduate medical students' knowledge and proficiency in ultrasound techniques outside of the
classroom. Additionally, this study explores the use of anatomically based ultrasound models to test
students’ proficiency by demonstrating their ability to accurately identify and measure various
pathologies.

Methods:

We designed an asynchronous ultrasound curriculum and used anatomically based ultrasound models
to provide an objective measure of each student’s ultrasound technique. Second-year medical students
were given access to an assigned Butterfly ultrasound probe, instructed to watch fifty Butterfly iQ
training videos, and asked to practice the ultrasound skills throughout a four-week time frame. Students
were also encouraged to attend a two-hour training session with a paid sonographer two weeks before
the assessment day, where they could ask questions and practice techniques. To evaluate the efficacy of
the curriculum, a sonographer used a checklist to grade each student’s ultrasound technique and record
their measurements of a breast mass and crown-rump length.

Results:

Students’ (n=39) overall mean of measurements for both the breast and crown rump length models was
an underestimation of the true measurements. Between both models, the majority of participants were
able to correctly perform key steps while using the ultrasound, such as rocking and fanning the probe,
identifying the mass/fetus, and storing the settings. However, a few students had difficulty picking the
correct ultrasound setting, choosing the appropriate orientation, and adjusting depth.

Conclusion: An asynchronous ultrasound curriculum incorporated into undergraduate medical school
education may be an effective means of teaching students technical steps in conducting an ultrasound
outside of the classroom. Students were able to perform key ultrasound techniques, demonstrating their
ability to learn and practice on their own. Refining the models to combat natural variation in their
structure over time may translate to improved outcomes in determining the effectiveness of an
asynchronous point-of-care ultrasound (POCUS) curriculum in teaching students to accurately measure
a breast mass or crown-rump length. Further research is needed to establish objective assessment
methods that allow students to demonstrate hands-on ultrasound skills beyond image interpretation and
multiple-choice examinations.

Background
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Ultrasound curricula have become increasingly more common in undergraduate medical education in
recent years due to the high demand for the development of point-of-care ultrasound (POCUS) skills and
their incorporation into pre-clinical anatomy curricula. Literature has described ultrasound as a core
educational modality and highlighted the need for national standards to guide the integration of
ultrasound into medical school curricula (1). Early exposure to POCUS has been shown to enhance
students’ procedural readiness, anatomy knowledge, and image interpretation skills, better preparing
students for clinical rotations and residency (2, 3). POCUS curricula have gained traction in many
residency programs, further justifying its place in medical school curricula (4–7). Core clinical ultrasound
milestones for medical students have been established in previous literature, but the exact
implementation and assessment methods are still being explored (8). Many medical schools have
proceeded to incorporate POCUS into preclinical curricula, but there is wide variation in the curriculum
design and implementation across institutions, including differences in the instructional format
(asynchronous vs. synchronous), curricular composition (self-directed modules vs. in-person
instruction), and duration of the educational training (length of course and number of sessions) (9–12).

To evaluate the effectiveness of these curricula, the majority of studies to date use written assessments
to measure students’ understanding via free-response or multiple-choice questions (12). While these
tools can assess conceptual understanding, they often inadequately assess core POCUS techniques and
technical abilities, such as probe handling and accurate measurement of pathology (13). In fact, only a
few studies have tested students' hands-on skills by assessing their ultrasound proficiency through the
accurate identification and measurement of anatomical structures after curriculum completion (13, 14).

Asynchronous ultrasound curricula have the potential to offer scalable, resource-conserving instructional
benefits in ultrasound education, especially for institutions with limited access to faculty, resources, or
time (15, 16). However, in this instructional format, there is limited evidence regarding the effectiveness
of teaching fundamental technical POCUS skills such as image acquisition and measurement accuracy.
The use of generalized ultrasound models has been discussed for students to enhance their training
(17).

This study seeks to address this gap by evaluating both the feasibility and effectiveness of a self-
directed asynchronous POCUS curriculum for second-year medical students, by assessing students’
ability to correctly perform technical ultrasound steps, as well as accurately identify and measure
clinically relevant structures using two anatomically based ultrasound models: crown rump length and
the length and width of a breast mass.

Methods

Design and Participants
This was a quasi-experimental study design approved by Edward Via College of Osteopathic Medicine’s
(VCOM) Institutional Review Board. The population pool included second-year students from the VCOM-
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Carolinas Campus. The study took place at the VCOM-Carolinas campus from November 2024 through
March 2025. Students were recruited through an email sent by the principal investigator. All participants
provided consent and were made aware that participation in the study or lack thereof would not impact
their academic standing. Students who did not want to participate but still wanted to benefit from the
curriculum were able to participate upon completion of the study period. Inclusion criteria included being
a second-year medical student at VCOM Carolinas and willingness to attend the assessment day.
Exclusion criteria included previous experience training with a handheld Butterfly ultrasound probe.
Forty-three students initially agreed to participate in the study. Students were sent a poll to see which
four-week block they would prefer to participate in, and were split into the three sessions accordingly.
Eighteen students started in session 1; however, one student’s data was excluded from the study due to
meeting the exclusion criterion. 10 students participated in session 2, and all their data were collected.
Sixteen students were enrolled in session 3; however, two students’ data were not obtained due to
personal circumstances that prohibited them from attending the scheduled assessment day. A total of
39 second-year medical students voluntarily participated in and provided data for the study during three
separate four-week sessions.

At the beginning of each session, a meeting was held on campus at which each student was assigned a
Butterfly iQ ultrasound probe (including the gel and charging equipment) and was asked to read and sign
a consent form. These probes were chosen due to availability, affordability, and portability with
educational content. Students were then shown how to download the Butterfly iQ app onto their device
and how to charge the probe. Students were asked to watch 50 Butterfly iQ training videos and practice
the ultrasound skills throughout the four weeks. These videos consisted of focused tutorials of
ultrasound exams of the abdomen, heart, kidneys, and pelvis, along with additional instruction on basic
ultrasound skills. The total video time was approximately 90 minutes. They were also encouraged to
attend a two-hour training session with a sonographer two weeks before the assessment day.

Training Session
During the two-hour training session, students were able to ask the sonographer questions and practice
their skills with fellow participants. The crown rump length and breast model were not available to
practice on during the training sessions; however, students were able to practice ultrasounding each
other and receive feedback from the ultrasonographer on technique.

Assessment
At the end of the four weeks, the sonographer used a checklist to grade each student’s ultrasound
technique and record their measurements of a breast mass and crown-rump length. The skill checklist
was adapted from a previous study, but adapted to fit the models in this study (18). It included variables
such as selecting the correct ultrasound setting and orientation, applying an appropriate amount of gel,
demonstrating fanning and rocking, adjusting depth and contrast, identifying and measuring the
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mass/fetus, and saving the image. The crown rump length model was a plastic “fetus” contained in a
water-filled balloon, which was placed in a silicone medium. This model was not validated before use in
the study. The breast model was primarily a silicone medium that contained a plastic mass, which
represented a breast mass and could be inserted into the model breast for ultrasound practice. The
breast model was previously validated in another study prior to its use in this study. The creators of both
models gave their permission for them to be used in this study. The sonographer took measurements of
both models before the first assessment session, and those measurements were considered the
true/correct values when analyzing participant measurements.

Statistical Analysis
Analyses began by summarizing the means and standard deviations of the recorded length and width of
the breast model. 39 students reported length, while only 37 reported width. Using 95% confidence
intervals, we tested whether there was evidence of underestimation or overestimation by dimension.
Similarly, for the crown rump length model, we calculated the mean and standard deviation and 95%
confidence interval for the mean to examine evidence of overestimation or underestimation. All analyses
were repeated by session. Exact 95% confidence intervals were calculated for the proportions measuring
whether the student correctly performed key steps while conducting the ultrasound. All analyses were
conducted in SAS 9.4.

Results
39 second-year students participated in the study. Across all three sessions, the mean breast mass
length was 2.16 centimeters (cm) with an actual length of 2.65 cm (95% CI [2.04, 2.28], n = 39) (Table 1).
The mean breast mass width was 1.57 cm with an actual width of 1.46 cm (95% CI [1.48, 2.28], n = 39)
(Table 2). The mean crown-rump length was 4.02 cm with an actual length of 4.76 cm (95% CI [3.76,
4.27], n = 37) (Table 3). Within the breast mass measurements, there was a 100% success rate for
applying gel to the probe, choosing the correct orientation, adjusting the depth, rocking, fanning,
measuring the lesion, and storing settings (95% CI [0.91, 1.00], n = 39), and a 97% success rate for
choosing the correct setting and correctly identifying the lesion (95% CI [0.87, 0.99], n = 39) (Table 4). For
the crown rump length measurements, there was 100% success rate for applying gel to the probe,
rocking, fanning, correctly identifying the fetus, measuring the fetus, and storing settings (95% CI [0.91,
1.00], n = 39), and a 97% success rate for choosing the correct setting, choosing the correct orientation,
and adjusting depth (95% CI [0.87, 0.99], n = 39) (Table 5).
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Table 1
Estimated Breast Mass Width By Session

Estimated Breast Mass Width By Session

Session N Mean ± STD 95% CI for Mean Truth Conclusion

1 16 2.25 ± 0.50 (1.99, 2.52) 2.65 Under Estimation

2 9 2.31 ± 0.21 (2.14, 2.48) 2.65 Under Estimation

3 14 1.95 ± 0.20 (1.84, 2.07) 2.65 Under Estimation

All Sessions 39 2.16 ± 0.38 (2.04, 2.28) 2.65 Under Estimation

Table 2
Estimated Breast Mass Length By Session

Estimated Breast Mass Length By Session

Session N Mean ± STD 95% CI for Mean Truth Conclusion

1 16 1.72 ± 0.18 (1.62, 1.82) 1.46 Over Estimation

2 7 1.25 ± 0.20 (1.07, 1.44) 1.46 Under Estimation

3 14 1.56 ± 0.27 (1.41 1.72) 1.46 Correct Estimation

All Sessions 37 1.57 ± 0.28 (1.48, 2,28) 1.46 Under Estimation

Table 3
Estimated Crown Rump Length By Session

Estimated Crown Rump Length By Session

Session N Mean ± STD 95% CI for Mean Truth Conclusion

1 16 4.39 ± 0.98 (3.86, 4.91) 4.76 Correct Estimation

2 9 3.61 ± 0.41 (3.30, 3.93) 4.76 Under Estimation

3 14 3.86 ± 0.57 (3.54, 4.19) 4.76 Under Estimation

All Sessions 39 4.02 ± 0.79 (3.76, 4.27) 4.76 Under Estimation
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Table 4
Breast Model Skills Check-Off

Breast Model Skills Check-Off

Variable N Number of Yes Percent Exact 95% CI

Correct Setting 39 38 0.97 (0.87,0.99)

Applied Gel 39 39 1.00 (0.91,1.00)

Correct Orientation 39 39 1.00 (0.91,1.00)

Adjust Depth 39 39 1.00 (0.91,1.00)

Rocking Technique 39 39 1.00 (0.91,1.00)

Fanning Technique 39 39 1.00 (0.91,1.00)

Correct Identification 39 38 0.97 (0.87,0.99)

Measured Lesion 39 39 1.00 (0.91,1.00)

Stored Settings 39 39 1.00 (0.85,1.00)

Table 5
Crown Rump Length Skills Check-Off

Crown Rump Length Skills Check-Off

Variable N Number of Yes Percent Exact 95% CI

Correct Setting 39 38 0.97 (0.87,0.99)

Applied Gel 39 39 1.00 (0.91,1.00)

Correct Orientation 39 38 0.97 (0.87,0.99)

Adjust Depth 39 38 0.97 (0.87,0.99)

Rocking Technique 39 39 1.00 (0.91,1.00)

Fanning Technique 39 39 1.00 (0.91,1.00)

Correct Identification 39 39 1.00 (0.91,1.00)

Measured Lesion 39 39 1.00 (0.91,1.00)

Stored Settings 39 39 1.00 (0.91,1.00)

Discussion
In this education intervention, we describe the integration of a self-directed asynchronous ultrasound
curriculum in an institution that did not at the time have formal ultrasound training as part of the
preclinical curriculum. Point-of-care ultrasound (POCUS) is becoming increasingly relevant within
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medical practice across specialities. There is extensive literature suggesting that early exposure to
POCUS skills correlates with increased independence and comfort in visualizing human anatomy and
obtaining high-quality images (2, 17, 19). Despite this, many schools have been unable to incorporate
ultrasound into their crowded curricula, especially with limited faculty. This paper aims to provide a
framework for institutions to implement a self-directed asynchronous ultrasound curriculum and
demonstrate that it can be an effective means for students to become proficient in POCUS.

The introduction of the preclinical ultrasound curriculum was presented as an optional educational
opportunity. Similar integration has been implemented in previous studies, however few implement the
practice as self-directed with quantitative measures to determine proficiency. The four-week sessions
were easy to implement as the practice and assessment occurred outside of regular education hours so
as not to interfere with students’ exam and class schedules. Since students were still in their preclinical
years and did not yet have access to ultrasound in a clinical setting, they were encouraged to practice on
friends and family. A paid sonographer was used for the optional training session and assessment.

Findings suggest that this is a feasible and effective method to teach the technical fundamentals of
POCUS to preclinical medical students. Students showed strong proficiency in image acquisition and
ultrasound technique. Additionally, numerous students took advantage of the optional training session to
practice with the sonographer. It was clear that students were passionate about taking the time to work
through the curriculum, which was reflected in their ability to replicate the proper ultrasound techniques.
This aligns with studies indicating students’ desire for an ultrasound curriculum during their
undergraduate medical education and their understanding of its clinical importance (20, 21). In regard to
the content of the curriculum and equipment, the Butterfly iQ modules and probes were easy to use and
contained all the necessary material for students to cover basic ultrasound techniques and focused
exams. While the quantitative assessment required measurement of a breast mass and crown rump
length, students had the added benefit of learning how to perform a cardiac, renal, and general
abdominal exam, along with focused assessment with sonography for trauma (FAST). This allowed
students to develop well-rounded skills to help them prepare for the variety of clinical diagnoses they will
encounter during their clinical rotations.

Additional research is needed to improve quantitative measurement accuracy in asynchronous POCUS
curricula. There was variability between the groups in accurately measuring the models. This project was
a means of validating the models, but further evaluation revealed some inconsistencies. The variability
was largely attributed to the compressibility of the models and changes in the models over time, which
are limitations of the data. Applying a greater amount of pressure led to larger measurements, and the
models became more malleable over the course of the study. An additional limitation is that attendance
was not recorded at the optional training sessions to determine whether those who attended performed
better than those who did not. This study would also benefit from a follow-up study to assess the long-
term outcomes of students who decided to participate in the study.
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Studies exploring ultrasound curricula can help determine optimal strategies to incorporate this material
in a manner that is conducive to student learning. Since preclinical years have much ground to cover
regarding clinical knowledge in the classroom, an asynchronous curriculum with video instruction could
allow students the time to learn and practice these skills on their own to prepare for their clinical years.
This research could be expanded with refinement of the ultrasound models used in this study in order to
have more consistent, accurate results for students to test their abilities. The study may also benefit
from the use of the ultrasound competency assessment tool (UCAT). This validated instrument allows
for targeted assessment across four main domains, including preparation, image acquisition, image
optimization, and clinical integration (22). This tool extends beyond the checklist used in this study to
evaluate higher-order skills, including clinical indications and image interpretation. Use of instruments
such as UCAT and frameworks like the Objective Structured Assessment of Ultrasound Skills (OSAUS)
would allow for greater standardization of evaluation while incorporating the significance of clinical
findings (22, 23). Further research may also examine the relationship between performance on
ultrasound techniques/measurements and attendance at the optional practice sessions with the
sonographer.

Conclusion
This study illustrates how a self-directed asynchronous ultrasound curriculum is an effective means for
students to learn the technical skills behind point-of-care ultrasound (POCUS). Students demonstrated
interest and proficiency, suggesting potential for integration into the formal curriculum with standardized
training and evaluation across cohorts. The framework of this study can be used in future ultrasound
education interventions through the use of ultrasound-compatible models and/or an asynchronous
curriculum.

Abbreviations
POCUS
point-of-care ultrasound
VCOM
Edward Via College of Osteopathic Medicine
FAST
focused assessment with sonography for trauma
UCAT
ultrasound competency assessment tool

Declarations

Ethics Approval and Consent to Participate:

Page 9/12



Approved by VCOM Institutional Review Board on 10/23/2024. Board reference number 2024 − 145. All
procedures performed in this study involving human participants were in accordance with the ethical
standards of the institutional research committee and with the Helsinki Declaration. Informed consent
was obtained from all individual participants included in the study.

Consent for Publication:

Not applicable

Competing Interests:
Not applicable.

Funding:
VCOM-Carolinas Simulation and Educational Technology Department

Author Contribution
MA, AB, and AV designed the curriculum, organized the study, and contributed to writing the manuscript.
DR performed analysis and interpretation of participant data. TL provided supervision and guidance for
the project. All authors read and approved the final manuscript.

Acknowledgement
The authors wish to thank Anne Guglielmo, Austin Ewanick, Margaret Morehouse, Megan Wickwire, and
Sarah Mixson for allowing us to use their models for our evaluations.

Data Availability
: The datasets used and/or analysed during the current study are available from the corresponding
author on reasonable request.

References
1. Bahner DP, Goldman E, Way D, Royall NA, Liu YT. The state of ultrasound education in U.S. medical

schools: results of a national survey. Acad Med J Assoc Am Med Coll. 2014;89(12):1681–6. 10.
1097/ACM.0000000000000414 PubMed PMID: 25099238.

Page 10/12



2. Draper R, Ellinger D, Trottier M, Armstrong K, Ma W. Ultrasound Education in an Elective Course in the
Undergraduate Medical Curriculum Improves Students’ Subjective Learning and Clinical Rotation
and Residency Preparedness. Med Sci Educ. 2023;33(3):737–46. 10.1007/s40670-023-01800-4 .
PubMed PMID: 37501805; PubMed Central PMCID: PMC10368609.

3. Provenzano SM, Mageto I, González Frontera A, Uter C, Casey S, Badillo A, et al. Ultrasound as a
Foundational Tool in Medical Education: A Literature Review. Adv Med Educ Pract. 2025;16:2167–
79. 10.2147. /AMEP.S552069 PubMed PMID: 41321487; PubMed Central PMCID: PMC12661966.

4. Ferre RM, Kaine JC, Lobo D, Peterson D, Sarmiento E, Adame J, et al. A shared point of care
ultrasound curriculum for graduate medical education. BMC Med Educ. 2024;24(1):843.
10.1186/s12909-024-05797-1 . PubMed PMID: 39107748; PubMed Central PMCID: PMC11305004.

5. Grewal S, Houston A, Bacon J, Balderama E, Elhassan MG. Point-of-Care Ultrasound Curriculum for
Internal Medicine Residents During the COVID-19 Era: A Pilot Study. Cureus. 2022;14(6):e25944.
10.7759/cureus.25944 . PubMed PMID: 35711249; PubMed Central PMCID: PMC9197547.

6. LoPresti CM, Murray KJ, Dancel R, Baston C, Boesch B, Brennan D, et al. Internal Medicine Residency
Point-of-Care Ultrasound (POCUS) Consensus Recommendations for Core Indications and
Applications. Am J Med. 2025;138(12):1705–e171523. 10.1016/j.amjmed.2025.05.033.

7. Stone-McLean J, Metcalfe B, Sheppard G, Murphy J, Black H, McCarthy H et al. Developing an
Undergraduate Ultrasound Curriculum: A Needs Assessment. Cureus 9(9):e1720.
10.7759/cureus.1720 PubMed PMID: 29188164; PubMed Central PMCID: PMC5705172.

8. Dinh VA, Lakoff D, Hess J, Bahner DP, Hoppmann R, Blaivas M, et al. Medical Student Core Clinical
Ultrasound Milestones: A Consensus Among Directors in the United States. J Ultrasound Med Off J
Am Inst Ultrasound Med. 2016;35(2):421–34. 10.7863/ultra.15.07080 . PubMed PMID: 26782162.

9. Hoppmann RA, Rao VV, Poston MB, Howe DB, Hunt PS, Fowler SD, et al. An integrated ultrasound
curriculum (iUSC) for medical students: 4-year experience. Crit Ultrasound J. 2011;3:1–12.
10.1007/s13089-011-0052-9 . PubMed PMID: 21516137; PubMed Central PMCID: PMC3064888.

10. Hoppmann RA, Rao VV, Bell F, Poston MB, Howe DB, Riffle S, et al. The evolution of an integrated
ultrasound curriculum (iUSC) for medical students: 9-year experience. Crit Ultrasound J. 2015;7:18.
10.1186/s13089-015-0035-3 . PubMed PMID: 26589313; PubMed Central PMCID: PMC4654731.

11. Allen AJ, White AB, Bacon DR, Beck Dallaghan GL, Jordan SG. Commentary on Ultrasound
Instruction in Undergraduate Medical Education: Perspective from Two Students. Adv Med Educ
Pract. 2023;14:1–7. 10.2147. /AMEP.S388044 PubMed PMID: 36632196; PubMed Central PMCID:
PMC9827631.

12. Galusko V, Khanji MY, Bodger O, Weston C, Chambers J, Ionescu A. Hand-held Ultrasound Scanners
in Medical Education: A Systematic Review. J Cardiovasc Ultrasound. 2017;25(3):75–83.
10.4250/jcu.2017.25.3.75 . PubMed PMID: 29093769; PubMed Central PMCID: PMC5658292.

13. Höhne E, Recker F, Dietrich CF, Schäfer VS. Assessment Methods in Medical Ultrasound Education.
Front Med. 2022;9:871957. 10.3389/fmed. .2022.871957 PubMed PMID: 35755059; PubMed
Central PMCID: PMC9218354.

Page 11/12



14. Johnson JI, Beasley H, Southwick D, Lords AM, Kessler R, Vrablik ME, et al. Development of a hybrid
point-of-care ultrasound curriculum for first year medical students in a rural medical education
program: a pilot study. BMC Med Educ. 2024;24:16. 10.1186/s12909-023-05005-6 . PubMed PMID:
38172848; PubMed Central PMCID: PMC10765644.

15. Russell FM, Zakeri B, Herbert A, Ferre RM, Leiser A, Wallach PM. The State of Point-of-Care
Ultrasound Training in Undergraduate Medical Education: Findings From a National Survey. Acad
Med J Assoc Am Med Coll. 2022;97(5):723–7. 10. 1097/ACM.0000000000004512 PubMed PMID:
34789665.

16. Situ-LaCasse E, Acuña J, Huynh D, Amini R, Irving S, Samsel K, et al. Can ultrasound novices develop
image acquisition skills after reviewing online ultrasound modules? BMC Med Educ. 2021;21(1):175.
10.1186/s12909-021-02612-z . PubMed PMID: 33743680; PubMed Central PMCID: PMC7980807.

17. Martin R, Lau HA, Morrison R, Bhargava P, Deiling K. The Rising Tide of Point-of-Care Ultrasound
(POCUS) in Medical Education: An Essential Skillset for Undergraduate and Graduate Medical
Education. Curr Probl Diagn Radiol. 2023;52(6):482–4. 10.1067/j.cpradiol.2023.06.003 . PubMed
PMID: 37479620.

18. Limchareon S, Kongprompsuk S, A Single Static Breast Model Education of Ultrasound Skill in Final
Year Medical Students of Burapha University. J Med Ultrasound. 2018;26(3):143–6.
doi:10.4103/JMU.JMU_11_18 PubMed PMID: 30283200; PubMed Central PMCID: PMC6159323.

19. Kaminstein D, Orris N, McBride E, Bowler M, Zhang L, Xu H, et al. Clinical Learning in Translation:
Analysis of Pre-Clerkship Ultrasound Training on Student Learning Behaviors During Clerkship. J
Med Educ Curric Dev. 2025;12:23821205251378849. 10.1177/23821205251378849 . PubMed
PMID: 41018035; PubMed Central PMCID: PMC12464404.

20. Zeitouni F, Matejka C, Boomer M, Lee VH, Brower GL, Hewetson A, et al. Integration of point of care
ultrasound into undergraduate medical education at Texas Tech University Health Sciences Center
school of medicine: a 6 year review. BMC Med Educ. 2024;24:1476. 10.1186/s12909-024-06483-y .
PubMed PMID: 39696236; PubMed Central PMCID: PMC11654386.

21. Rathbun KM, Patel AN, Jackowski JR, Parrish MT, Hatfield RM, Powell TE. Incorporating ultrasound
training into undergraduate medical education in a faculty-limited setting. BMC Med Educ.
2023;23:263. 10.1186/s12909-023-04227-. y PubMed PMID: 37076831; PubMed Central PMCID:
PMC10113991.

22. Bell C, Hall AK, Wagner N, Rang L, Newbigging J, McKaigney C. The Ultrasound Competency
Assessment Tool (UCAT): Development and Evaluation of a Novel Competency-based Assessment
Tool for Point‐of‐care Ultrasound. AEM Educ Train. 2020;5(3):e10520. 10.1002/aet2. 10520 PubMed
PMID: 34041429; PubMed Central PMCID: PMC8138101.

23. Gomes SH, Trindade M, Petrisor C, Costa D, Correia-Pinto J, Costa PS, et al. Objective structured
assessment ultrasound skill scale for hyomental distance competence – psychometric study. BMC
Med Educ. 2023;23:177. 10.1186/s12909-023-04146-y . PubMed PMID: 36949512; PubMed Central
PMCID: PMC10035246.

Page 12/12


