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ABSTRACT

Objectives: This study aims to evaluate the effectiveness of ultrasound training, particularly
e-FAST (extended-focused assessment with sonography for trauma), in enhancing the
skills of medical students.

Methods: Conducted in a tertiary university hospital’s emergency department from
February to March 2022, the study involved 30 volunteer students from each year of a
6-year medical program. Following ethics approval, participants underwent a pre-test, a
1-hour theoretical e-FAST training, a practical training, and a post-test. The Rasch model
was employed for data analysis.

Results: Post-training, there was a notable improvement in students’ understanding of
e-FAST, especially in the 2nd and 5th years, indicating significant learning gains. The
Wright maps aligned participant abilities and item difficulty levels, confirming the
training’s effectiveness. However, the study’s single-center nature and limited sample size
are noted as limitations.

Conclusion: The study demonstrates that the e-FAST training model enhances medical
students’ ultrasound skills. The findings support integrating ultrasound training into
medical school curricula, particularly in later years, to improve diagnostic capabilities in
future medical practitioners.
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INTRODUCTION

Bedside ultrasonography is a practical diagnostic
tool that can be easily performed at the bedside [1].
In addition, it is known to increase intervention
success and reduce complications when used in
interventional procedures [2]. Among the advantages
of ultrasound are that it provides great convenience in
the evaluation of unstable patients because it does not
require transportation of the patient, and that it can be
used safely in sensitive populations such as pregnant
women because it does not emit ionizing radiation.
Ultrasound, which is widely used in the fields of
cardiology [3], obstetrics [4], and gastroenterology [5],
has become increasingly widespread in recent years
and has started to be used by emergency medicine,
anesthesia, and surgery branches [6,7,8].

However, because it is operator-dependent, this method
can also be useless or misleading when used without
proper training [9]. Although ultrasound training is
included in the education process in some specialties,
efforts to include it in the medical school education
curriculum have still not achieved its goal. Studies
have shown that it is not yet clear how ultrasound
training should be given before graduation, at what
stage it should start, and how useful it is [10]. e-FAST
(extended-focused assessment with sonography for
trauma) is focused on ultrasonography of the trauma
patient and allows rapid evaluation of unstable patients,
especially in emergency departments, without being
moved [11].

This study evaluated the success of ultrasound training
given to medical school students in each education
year.

METHODS

Study type and setting

This study is a before and after study. The study was
carried out in the emergency department of a tertiary
university hospital between 01/02/2022-31/03/2022.
Before initiation of the study, approval was obtained
from the local ethics committee (approval number
0432).

Subject selection

Students studying at the faculty of medicine
were included in the study. The duration of medical
school education is 6 years and 30 volunteers from
each class were included in the study. Signed consent
was obtained from all participants stating that they
participated voluntarily.

Evaluation of e-FAST education

Volunteers from each class were evaluated
separately on different days. First, a20-question pre-test
was administered to the volunteers and their baseline
knowledge levels were measured. Immediately after
the pre-test, a 1-hour theoretical e-FAST training was
given. Then, bedside e-FAST practical training lasting
at least 15 minutes was applied to each volunteer.
During the training, e-FAST was first explained in
practice by the instructor, and then the volunteer was
allowed to apply e-FAST on his own, accompanied
by the instructor. A healthy volunteer was used as a
model in training. After the training was completed,
the volunteers were given a 20-question post-test.

Statistical Analysis

The data were evaluated in the JAMOVI 2.3.28
open source statistical package program. Data
analysis was performed using the Rasch model. In the
model, parameters were estimated for each item such
as measurement unit, difficulty parameters, placement
index, fit index. The fit analysis of the Rasch model
was performed and the results were evaluated using
model fit statistics, statistical values and graphs.
Participants’ abilities and difficulty of the items were
visually represented using Wright Maps.

RESULTS

Table 1 contains the Rasch model fit analysis and
statistical results to assess participant reliability.
Model fit is an important measure that evaluates how
well the Rasch model fits the data. The fit of a model
indicates that the model explains the data well and that
its predictions are close to the actual data.

Person Reliability is a value that measures the

Table 1: Suitability Evaluation of the Before and After Model

Person Reliability P
Pre-test 0.470 0.035
Post-test -0.176 <.001

H,= the data fit the Rasch model
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reliability of the measurement tool used. A high
participant reliability indicates that the measurement
tool provides consistent and reliable results. It reflects
the reliability of Rasch’s analysis in measuring
participants’ performance. Participant reliability
before the training was 0.470 and -0.176 after it.

MADaQ3= The p-value obtained by Holm
correction and the p-value for the average of the
absolute values of the centered Q 3 statistic is used
to evaluate whether the model fits the data. The Rasch
model is statistically significant since the p-value
obtained with Holm correction is p <0.05 both before
and after training. Additionally, the statement “Ho=
the data fit the Rasch model” in the table shows that
the data fits the Rasch model.

Table 2 evaluates the performance of each item and
its contribution to the measurement unit. The accuracy
rates, difficulty levels, and statistical suitability values
of the items enable the evaluation of the quality and
reliability of the survey, which is a measurement tool.

Proportion expresses how many participants
answered each item correctly. Before the training,
item 1 was answered correctly by 92.05% of the
participants, while item 4 was answered correctly
by 5.68%. After the training, item 11 was answered
correctly by 100% of the participants, while item 14
was answered correctly by 4.55%.

The Measure column shows the difficulty level of
each item in the unit of measurement. If the values
are negative, they represent that the items are difficult,

Table 2: Item Statistics Before and After Training

Proport Measu I;T]Eill.Meas Infi Outf| Proport Measu PSO.;lt.Meas Infi Outf

ion re ure t it ion re ure t it
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Table 3: Comparison of pre-and post-training total scores and periods

Year1 Year2 Year3 Yeard4d YearS Yearo6 T?St_
statistics
Pre 13,271 12,64+1 11,82+2, 10,45=1, 9,25+3, 11,9+1, 18.106 0,003
Total ,952 ,782 99ac 690 8P 452 ’ €
Post 11,82+¢1 11,361 11,181, 11,27+1, 11,451 11,33«1 2 607 0,760
Total A7 .34 25 01 A7 11 - €
Numerical variables are given as mean+standard deviation. € Kruskal-Wallis test
Table 4: Comparison of pre-and post-training total scores and periods
Pre-Total Post Total Test Statistics P
Year 1 13,27+1,95 11,82=1,47 -1,587 0,1127%
Year 2 12,64+1,78 11,36=1,34 -2,072 0,0387
Year 3 11,82+2.99 11,18+1,25 -1,37 0,1717%
Year 4 10,45=1,69 11,27+1,01 -1,394 0,1637
Year 5 9,25+3,8 11,45+1,47 -2,783 0,0057
Year 6 11,9+1,45 11,33=1,11 -1,521 0,1287%

Numerical variables are given as mean+tstandard deviation. ¥ Wilcoxon test

and if they are positive, they represent that the items
are easier to understand. According to these results,
12 items had negative values before the training,
including items 1, 2 5, 6, 7, 8, 9, 11, 13, 16, 18, and
20. Three of these 12 items, 6, 7, and 9, became easier
to understand after the training. After the training, 11
items, 1,2, 5,8,10, 11,13, 16, 17, 18, and 20 had negative
values. While items 10 and 17 were easily perceived
before the training, they became more challenging to
perceive after the training. While items 12, 14, and 15
were easily perceived before the training, their values
increased after the training and reached the level of
much more easily perceived items.

The Standard Error Measure column expresses
the standard error of the measurement estimate of
the items. A lower standard error indicates that the
measurement is more accurate. The standard errors
of items 13, 15, and 19 before the training were
0.220. This value represents the items with the lowest
standard error among the 20 items. The estimates of
these 3 item measurements are more precise than the
other items. The standard error of Item 4 is 0.464,
which is the item with the highest standard error. The
measurement of Item 4 is relatively accurate, with a
standard error of 0.464. After training, item 19 has a
standard error of 0.213. The estimates for this item’s
measurement are more precise than other items. The

standard error of item 17 is 1.006, which is the item
with the highest standard error. The measurement of
item 17 is relatively precise.

The Infit and Outfit columns measure the statistical
fit of each item in the unit of measurement. These
values help evaluate the contribution and consistency
of the substances to the measurement unit. These
values are ideally expected to be close to 1. Values
different from 1 indicate that the contribution of the
substances to the measurement unit is undesirably
irregular. Before the training, item 12 was statistically
the most appropriate, contributing to the measurement
unit, with values of Infit 1.007 and Outfit 1.000. After
the training, all items except item 11 are statistically
the most appropriate items with their contribution to
the measurement unit.

When the results of item 11 in the table are examined,
there is a misfit in the unit of measurement. The fact
that it has a very low level of difficulty and is also
ambiguous with a high error indicates that this item
does not fit the measurement model. Removing item
11 from the survey does not affect the measurement
power of the survey. It is appropriate to remove item
11 from the survey.

As a result of Rasch analysis, the Wright Map is
obtained (Figures 1-3). Wright Map is a type of chart
obtained by combining two sections on the same
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Figure 1: Pre-Training Wright Map

plane. Here, the upper area represents the ability levels
of the participants, and the lower area represents the
difficulty levels of the items. With the Wright Map,
the ability levels of the participants and the difficulty
levels of the items can be evaluated by combining
them on the same axis.

According to Figure 1, 12 items had negative
values before the training, including items 1, 2 5, 6, 7,
8,9, 11, 13, 16, 18, and 20. The perception levels of the
participants regarding these items are quite low.

According to Figure 2, 11 items, including items
1, 2,5, 8,10, 11, 13, 16, 17, 18, and 20, have negative
values after the training. The perception levels of the
participants regarding these items are quite low. The
fact that it has a very low level of difficulty and is also
ambiguous with a high error indicates that item 11
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Figure 2: Wright Map with 20 Items After
Training

does not fit the measurement model. The Wright Map
obtained when item 11 is removed from the survey is
shown in Figure 3.

According to Figure 3, if item 11 is removed from
the survey after the training, 10 items, including items
1, 2,5, 8, 10, 13, 16, 17, 18, and 20, have a negative
value. The perception levels of the participants
regarding these items are quite low.

There is a statistically significant difference
between the years before the training (p<0.05). There
is a difference between year 5 and year 1, 2, 3, and 6
(Table 3). The total score average of year 5 is lower
than that of years 1, 2, 3, and 6. There is a difference
between year 4 and Term 1, 2. The total score average
of Term 4 is lower than the score average of Term 1
and 2.
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Figure 3: Wright Map with 19 Items After Training
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When the pre- and post-training scores are examined
according to years, there is a statistically significant
difference between the pre-and post-training scores in
years 2 and 5 (p <0.05). While the pre-training scores
were higher in Year 2, the post-training scores were
higher in Year 5 (Table 4).

DISCUSSION

In the study, a 20-question test, as a measuring
instrument that we developed, was applied to medical
faculty students who received e-FAST training before
and after the training. Our Rash analysis showed that
the pre-test and post-test are sufficient and reliable for
evaluating e-FAST training. This result means that
it can be used to evaluate the e-FAST education of
students in other medical faculties in Turkey. Although
there are some ultrasound training studies conducted
with undergraduate students in the literature, this
study is, to our knowledge, the first study in which a
measurement tool whose reliability has been proven
through Rash analysis has been developed [12,13].

There are many ultrasound training studies in
the literature. Many of these are usually based on an
assessment by a survey [12,13,14]. However, to our
knowledge, this is the first study to evaluate the effect
of the training provided on the intelligibility of the
questions. When item intelligibility was compared
before and after training, While six items became
easier to understand after training, only two became
more difficult to understand. There was no significant
change in other items. As aresult, the training generally
increased the intelligibility of the items. According to
the standard error measurement, the accuracy of all
items in the pre and post-tests is high; item 4 for the
pre-test and item 17 for the post-test is lower than the
other items but is still relatively high. According to
this result, the training program we prepared increased
students’ ultrasonography literacy.

When the contribution of the items to the
measurement unit was evaluated with Infit and Outfit
measurements, the contribution and consistency
of all items to the training unit for the pre-test and
all items except item 11 for the post-test were found
to be appropriate. When the 11th item, considered
incompatible with the measurement unit, was removed
from the test, it was deemed appropriate to remove it
because the measurement power of the training model
did not change. In the Wright map graphics obtained
as a result of the Rash analysis, the ability level of

the participants and the difficulty level of the items
for the pre-test comply with the bell curve. However,
this fit was obtained for the post-test after removing
the incompatible item 11. Therefore, it would be
appropriate to apply our measurement tool as 19 items,
with item 11 removed.

Rempell et al. In a study conducted with 1st and
2nd-year medical faculty students, they suggested
that the bedside ultrasound training module could be
an important contribution to learning anatomy and
improving physical examination skills. However, no
comparison was made between years [13]. Boivin
et al. Although they showed that 3rd and 4th-year
students obtained higher pre-training scores than 1st
and 2nd-year students in the ultrasound program they
added to the curriculum for medical school students;
they did not make a post-training comparison [15].
When the total scores before and after the education
were compared with the student’s education year, the
average score of the students in the 4th and 5th years
was found to be lower, and a statistically significant
difference was observed between the education years.
After the training, no significant difference was seen
between the years of training, which means that the
homogeneity of the groups was achieved with the
training. Additionally, when the mean total score of the
pre-and post-training tests was compared according
to the year of education, a significant difference was
found between the pre-and post-tests in the 2nd and
5th years. While the mean score decreased after the
training in the 2nd year, the mean score increased
after the training in the 5th year. This result can be
interpreted as saying that it may be early for students
to receive ultrasound training in the first years, which
are still in the pre-clinical stage, but they can benefit
from this training as of the 5th year.

The most important limitation of this study is that
it is single-center, and the number of volunteers is
small. In addition, since the study was conducted only
on e-FAST training, it may not fully reflect ultrasound
training. Further studies can be conducted with
different ultrasound protocols.

CONCLUSION

As a result, the educational model created to
evaluate e-FAST education in medical school students
was found to be consistent, reliable and usable. It can be
used as a reliable tool in efforts to introduce ultrasound
training into the medical school curriculum.
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