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CONTEXT

A novel multi-site ‘train the trainer’ point-of-care ultrasound (POCUS) training course
was designed to better meet the graduate medical education learning needs of a
geographically dispersed consortium of 16 community-based Michigan emergency
medicine (EM) residency programs. The specific aim of this study was to explore the
feasibility of using volunteer EM physicians who were novices with ultrasound techniques
as instructors for a POCUS course. Additionally, the authors evaluated the effectiveness
and consistency of a POCUS course delivered over multiple sites to enhance EM residents’
ultrasound knowledge and skill acquisition.

METHODS

For the initial session, the lead instructor conducted a focused two-hour course with the
novice instructors. A subsequent four-hour session was then repeated for EM residents
whereby the aforementioned novice instructors provided the hands-on instruction. The
residents were given 10-item pre- and 20-item post-course knowledge tests to gauge the
effectiveness of the instruction model. After the course, a satisfaction survey was
administered to the resident participants and a qualitative open-ended survey to the
volunteer EM physicians who served as instructors.

RESULTS

Forty-two EM residents from 11 different residency programs attended at one of the three
courses that were offered. After adjustments for size differences in the pre- and
post-training tests, 35 (87.5%) of total sample resident learners’ scores proportionately
increased from pre- to post-test scores, with five (11.9%) other residents maintaining
their pre-course score levels and only two (4.8%) residents experienced a post-score
decline. In addition, resident participants responded favorably to a post-course summary
evaluation with an average response of 4.8 (0-5 Likert scale) demonstrating overall
satisfaction with the course. In the separate qualitative survey given to instructors,
comments consistently conveyed a perceived benefit for the volunteer EM physicians.

CONCLUSIONS

The evaluation of this novel model supports the feasibility of the ‘train the trainer’
program. It provides a proof of principle that train the trainer model can be implemented
for POCUS training courses. Despite the small sample size, our results show an increase in
the pre- to post-test scores among most participating residents. This model provides an
additional option for EM residency program educators to consider when developing their
POCUS training courses across multiple GME settings.

INTRODUCTION sidered a niche within Emergency Medicine (EM), but rather
an expected component of Graduate Medical Education

o . 1_5 .
Point-of-care ultrasound (POCUS) training is no longer con- (GME) EM training programs.™~ In 2000, POCUS residency
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training guidelines were released by the American College
of Emergency Physicians (ACEP), including a recommenda-
tion that residents perform at least 150 procedures to es-
tablish minimal competency.® Several articles to date have
suggested that POCUS competencies are not being regularly
met in many EM residency program settings.1»37-9

Most POCUS training workshops are one-half to two days
in length and follow the traditional model of structured di-
dactic sessions followed by hands-on training with human
models or simulation units.!-34 Some published studies on
POCUS education and delivery models have shown positive
learner outcomes; however, several have also indicated
variable improvement across learners.l:%10.11 A newer
model of instruction in GME that has shown promise has
been “train the trainer”12.13 and “co-learning,” 1415 models
that involve simultaneous faculty and resident training and
“peer training” for senior-junior resident or faculty-faculty
peers.16

Many residency programs in the authors’ health systems
lacked faculty with advanced training to provide advanced
POCUS training within their individual programs. In addi-
tion, geographic distances had presented barriers to resi-
dent participation in courses sponsored by their consortium
held at a centralized site. To address these barriers, an in-
novative POCUS course was designed and delivered utiliz-
ing the “train the trainer” model.

PURPOSE OF STUDY

The purpose of this study was to evaluate the effectiveness
and feasibility of using volunteer EM physicians who were
less experienced in ultrasound techniques as instructors to
enhance EM residents’ POCUS knowledge and skill acqui-
sition. The authors’ overall null hypotheses were that a)
participating EM residents would not demonstrate consis-
tent proportionate pre-to-post course US exam score im-
provements, and b) pre- and post-training score differences
would vary significantly across the three training sites. To
evaluate the sustainability of this “train the trainer” course,
there was also a brief qualitative survey eliciting the volun-
teer physicians’ perceived benefits of serving as instructors.

METHODS

An innovative element of this course was the cost-effective
use of volunteer EM physicians as instructors for the course.
The volunteer instructors were attending physicians or se-
nior residents from the EM residency programs within the
consortium. We specifically invited physicians with self-
perceived low levels of POCUS competency who had a desire
to elevate their own POCUS skills and their ability to teach
POCUS.

The instructors were trained on the morning of the
course during a two-hour session. The instructor training
consisted of limited lectures and supervised practice ob-
taining and interpreting images on live models. The three
to five instructors for each session shared two live models
and two ultrasound machines during the session.

The instructors were incentivized with several benefits
for attending this course. They received two hours of close
instruction along with supervision of their teaching by a

POCUS expert. They had the advantage of hearing the ma-
terial twice and reinforcing what they learned by teaching
others. The instructors also received two hours of 1-A CME
credit for the faculty development training and five hours
of 1-A CME credit for teaching residents. In addition, they
were provided with attestations for their participation in
trauma-specific CME and for the scholarly activity of teach-
ing courses to residents outside of their institution.

RESIDENT TRAINING

This four-hour course was taught using fifteen-minute lec-
tures alternated with thirty-minute practice sessions. The
scans taught included cardiac, pulmonary, inferior vena ca-
va, aorta and rapid ultrasound in shock and hypotension
(RUSH). The learning objectives for each lecture were to el-
evate the EM residents’ ultrasound knowledge and to have
them identify ideal images including normal and pathologic
findings for each scan. The learning objective for each prac-
tice session was to elevate the EM residents’ competency in
POCUS image acquisition.

During the practice sessions, residents were randomly
assigned to a practice station. Each practice station had a
live human model on an exam table, a volunteer instructor
and an ultrasound machine. Each practice station had a
maximum of four residents. The instructor was present at
each practice station to answer questions, assist the res-
idents in acquiring ideal images and facilitate discussion.
The lead instructor was available during the practice ses-
sions to supervise the instructors and assist residents or an-
swer questions if the instructors were not able.

The course concluded with a capstone interactive group
pathology identification examination reinforcing the ma-
terial taught (See Appendix 1). The course was designed
to attest that participants completed 18 goal-directed fo-
cused ultrasound scans on a live human and that the learn-
ers achieved a Level 2.5 out of 5 in the Accreditation Council
for Graduate Medical Education and the American Board
of Emergency Medicine EM Milestone PC:12: Other Diag-
nostic and Therapeutic Procedures: Goal-directed Focused
Ultrasound (Diagnostic/Procedural). “Uses goal-directed fo-
cused Ultrasound for the bedside diagnostic evaluation of
emergency medical conditions and diagnoses, resuscitation
of the acutely ill or injured patient, and procedural guid-
ance.”17

The pre- and post-course test questions had been written
to reflect the learning objectives for the course. Institu-
tional review board approval was obtained for administra-
tion of the tests to willing residents and the data collection
process. Hard copy tests were administered prior to the start
and immediately after the course.

All hard copy pre- and post-course test forms were col-
lected after the participants completed the exam. Study da-
ta was entered into a de-identified password-protected data
set using randomly assigned study identification numbers.
SPSS version 24 analytic software 18 was used to generate
a series of descriptive statistics concerning sample respon-
dent characteristics and conduct a series of inferential
Wilcoxon Matched Pair Signed Rank t tests comparisons 19
to examine for possible significance of proportionate pre-
to-post-course test score differences. Finally, a series of
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Table 1. Descriptive Statistics of Pre-Post-Course Scores (N = 42 Emergency Medicine Residents)

Gender
Male
Female
Missing

PGY Year
One
Two
Three
Four

Missing

Number of Correct PRE-Course Exam Answers (n = 41)
(10 items, possible range 0 to 10)

Number of (Corrected) Correct POST-Course Exam Answers (n=41) *

(20 items, possible adjusted range O to 10)

Change in Number of Correct Pre- to Post-Course Exam Answers (n = 40)

N (Percent)

29(69.0%)
12(28.6)
1(2.4)

10(23.8)
8(19.0)
12(28.6)
11(26.2)

1(2.4)

Mean (SD) range

6.56(1.733) (range 3to 10)

8.8646 (1.044) (5 to 10)

2.10(1.642) (- 1.00 to + 5.50)

* Equally-weighted Correct answers in Post-course Test divided by two.

two-way Analysis of Covariance (ANCOVA) procedures to
control for the possible influence of respondent characteris-
tics (e.g., gender, PGY year) on pre-post score differences.20
Before analyses, scores from the more comprehensive post-
course test were divided in half to accommodate for the dif-
ferent number of equally-weighted items in the pre- (n =10
items) versus post-course (n = 20 items) tests.

Before the study, the analyst author (WC) used G*Power
3.10.10 software 21 to generate minimal sample size calcu-
lations for the primary study endpoint: possible pre-post US
exam differences per each resident. This indicated that a fi-
nal sample size of at least 35 EM residents would afford the
authors a 0.80069 one minus 8 level of statistical power to
detect statistically significant within group (e.g., pairs of in-
dividual residents’ proportionate pre- and post-score differ-
ences) observing a two-tailed Alpha of 0.05 p value level of
significance. This was also based on both a fairly conserva-
tive 0.50 (i.e., Medium) Effect Size t for the hypothesized in-
fluence of training on pre-post POCUS course score differ-
ences as generally reported in Favot, et. al., 2015.4

In addition to resident performance the perceived bene-
fits for the volunteer instructors were evaluated with a qual-
itative survey sent out in an email after the course. The sur-
vey asked: Q1. “Please describe your overall faculty experi-
ences during this “train the trainer” ultrasound workshop
series. What positive or negative aspects of this experience
did you have?” Q2. “How might this “trainer the trainer” in-
fluence your future GME faculty roles?” Q3. “Do you have
any other comments or suggestions for the faculty who de-
veloped this ultrasound workshop series?”

LOGISTICS

The course was delivered at three separate sites. The med-
ical school sponsor of the GME consortium (Michigan State

University College of Osteopathic Medicine Statewide Cam-
pus System) provided space and audio-visual resources at
the three separate campuses to host the courses. The live
human models at each table were volunteer first or second-
year medical student members of the EM student interest
group at the authors’ sponsoring medical school. Two stu-
dents volunteered to serve as models for instructor training.
A total of ten students volunteered to cover the resident
training session. Prior to their participation, each student
signed a waiver form stating understanding that any possi-
ble abnormal findings discovered during the course would
not be diagnosed and would require follow up with their pri-
mary care physician.

RESULTS

The authors obtained pre- and post-test score data from a
total convenience sample of N = 42 EM residents who had
attended one of the three courses. Residents came from
11 different EM residency programs. Eighteen (42.8%) were
PGY1 or PGY2 residents, with the remaining 23 (54.8%) res-
idents either PGY3 or PGY4 (with one participant not spec-
ifying their PGY year). Twenty-nine (69.0%) residents de-
scribed themselves as male. The three workshop site co-
horts were comprised of 17, 13 and 12 resident learners. Of
the total sample, one (2.3%) resident only completed a pre-
course test. See Table 1 for descriptive characteristics and
POCUS exam score patterns of the study sample.

As depicted in Figure 1, the scores of 35 (87.5%) of total
sample resident learners’ scores increased from pre- to
post-test scores, with five (11.9%) other residents maintain-
ing their pre-course score levels. Only two (4.8%) residents
experienced a pre-post score decline.
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Table 2. Potential Predictors of POCUS Pre-Post-Course Test Score Differences (N = 42

Emergency Medicine Residents)

Std. Error Sig
Mean t df (2-tailed)
Number of Corre::t Pre-Course Answers - Number of Correct Post- 0.25956 8.091 39 <0.001
Course Answers
Mean Sig
Square F Df (2-tailed)
Number of Correct Pre-Workshop Answers - Number of Correct Post-
Workshop Answers **
Intercept 1637.669 1768.683 1 0.000
Difference from Pre-Workshop to Post-Workshop Exams Score 2.553 2.757 7 0.039
PGY Year Category 1.080 1.167 1 0.294
Gender 0.382 0.413 1 0.529
Score Difference * PGY Year 1.595 1.722 4 0.189
Score Difference * Gender 0.696 0.751 4 0.570
Score Difference * PGY Year * Gender 0.908 0.981 2 0.394
Bold P values significant at Alpha of p < 0.05.
* Wilcoxon Matched Pair Signed Rank T Test
** Analysis of Covariance (ANCOVA) Procedures
PRE-TO- POST-COURSE TEST SCORE CHANGES
A series of non-parametric Wilcoxon Matched Pairs Signed Pre or Post.
Workshop

Rank Test procedures, a type of statistical test especially
suitable for smaller samples in which the distribution of
scores is not presumed to be normally distributed, was con-
ducted.!® This procedure demonstrated a statistically sig-
nificant two-tailed increase in number of correct pre- to
post-course score differences (t = 8.091, df 39, p < 0.001).
(See Table 2)

During the subsequent ANCOVA procedures, the signifi-
cance of pre- post-course test score changes persisted (F2,
39)=2.757, p=0.039). Neither resident characteristic model
terms (i.e., gender, or PGY year category) approached sta-
tistical significance (See Table 2)

PRE-TO- POST-COURSE POCUS TEST SCORE CHANGES
ACROSS SITES

When stratifying the three learner cohorts by training sites,
a separate ANCOVA model failed to show statistically sig-
nificant differences in residents’ overall pre-post score im-
provements across the three sites (F2, 39) = 2.529, p =0.039.
This finding indicates that the overall positive impact of the
course on pre-post score differences was consistent across
the three training sites.

Another indication of the consistency of how the resi-
dents received the course was the quantitative evaluations
data received from the three learner cohorts. Residents re-
sponded to five summary evaluation items on a Likert-type
numerical scale. (“0” as least favorable and “5” as most
favorable). Mean cohort evaluation scores averaged 4.756,
4.822 and 4.844 from 31 (73.8%) of the 42 residents.

Score?

W FOST
WFRE

Count

3 4 5 6 T 8 9

10 14 15 16 17 18 19 20

Mumber of Correct Ultrasound Exam ltems

Figure 1. Overall Proportionate Changes in Pre-to-
Post-Course Test Scores (n = 40)

QUALITATIVE SURVEY RESULTS

This was the first attempt by the consortium to utilize non-
paid physicians to serve as instructors for an ultrasound
course. The assumption was the instructors would perceive
value in free POCUS instruction, credit for scholarly ac-
tivity, and five hours of 1-A CME. Several direct exemplar
quotes from the qualitative survey sent to the instructors
are listed in Figure 2. The survey results were overwhelm-
ingly positive and the instructor debriefings after each
course also reflected positive experiences with willingness
to participate as volunteer instructors for future courses.
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DISCUSSION

The evaluation of this pilot EM POCUS course demonstrated
success on several fronts. First, the ‘train the trainer’ model
demonstrated an effective way to provide ultrasound train-
ing to EM residents. Educational material was communicat-
ed in a consistent way for residents and attending physi-
cians that allowed for acquisition of skill and knowledge.
This model was chosen to address two specific challenges:
first, providing a course to residents who were geograph-
ically dispersed and second, training novice instructors to
facilitate hands-on instruction.

Further use of the ‘train the trainer’ model would be
most beneficial for programs where these issues are a chal-
lenge. It may not be as applicable to a single system resi-
dency program that is not geographically spread out where
there are many with ultrasound expertise to provide train-
ing. That being said, this model could be a way to present
additional training to practicing physicians who have little
ultrasound experience. To this point, the education impart-
ed to the bedside instructors, who were themselves ultra-
sound novices, made them more comfortable using POCUS
techniques. Beyond improving their ultrasound acumen,
the faculty involved collected CME as well as received schol-
arly activity hours. The opportunity to fulfill multiple facul-
ty requirements provided additional benefit for the instruc-
tors.

There are several areas for future studies. Subsequent
studies could consider comparing residents taught by EM
instructors who have extensive ultrasound experience with
those with less experience. Future studies could also deter-
mine if the timeframe for instructor training is appropriate,
or if a longer timeframe for instructor training would pro-
vide even more skill acquisition and improved teaching for
the instructors. Because this is a recurring course, there is
also an opportunity for the results to be validated on a larg-
er group of participants to evaluate if the positive results
are consistent when applied to additional learners.

LIMITATIONS

The results come from a smaller convenience sample of 42
EM residents from a finite number of EM residency pro-
grams. This project may have been underpowered to detect
potentially significant sample subgroup differences (e.g.,
male vs. female learners) relative to pre- and post-workshop
score differences. The authors also acknowledge that mea-
sured increases in residents’ POCUS test scores may have
been skewed by a Hawthorne/observer effect since partic-
ipating residents were fully aware that the authors were
monitoring their test scores.

CONCLUSION

The evaluation of this novel model supports the feasibility
of the ‘train the trainer’ program. Despite our small sample

QI. Please describe your overall faculty experiences during this “train the trainer” ultrasound workshop series. What
positive or negative aspects of this experience did you have?

Answers:

“Positive-focused. Negative-would have been helpful to have a few clinical scenarios or list of topics to cover, while
working with the residents.”

“great”

students to teachers was perfect 3-4:1 to allow hands on, conversation and that one-on-one feel.”

portion with the residents in the afternoon was an interesting and effective twist on ‘train-the-trainer’.”
“Loved it! Hands on and very informative.”

Q2. How might this “trainer the trainer” influence your future GME faculty roles?

Answers:

“Would like to have a similar lab at our facility”

“It helps to be more involved”

“More likely to do another”

“I am much more confident and comfortable not just using ultrasound but teaching it to my residents.”
“Will consider doing this next time I am asked to teach a practical.”

Q3. Do you have any other comments or suggestions for the faculty who developed this ultrasound workshop series?
Answers:

“great ultrasound course. It shows how to use ultrasound in a fast and busy department”

“Thanks for organizing it!”

“I would recommend for any faculty. Very well run and effective course.”

“No”

“Excellent. Really thought the lead instructor to teacher ratio was spot on, could have even had another teacher. Ratio of

“Excellent experience. Learning how to physically perform the scans in the morning and then sitting through the lecture

Figure 2. Instructor Post-Course Survey Questions
and Exemplar Answers

size, these results show a proportionate increase in pre-
to post-test scores among participating residents. Based on
our results, beneficial training was provided to the resi-
dents as well as the instructors. This model provides an ad-
ditional option for EM residency program educators to con-
sider when developing their POCUS training courses.
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