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Abstract

Objectives: This study investigated the value of proce-
dural skill acquisition in low-fidelity simulation labs for
students entering a clinical setting during the mandatory
one-month nursing internship.

Methods: We conducted a course that combined gross
anatomy knowledge with the teaching of simple proce-
dural skills. We analysed 299 students’ opinions and then
compared them with their assessment outcomes.

Results: The survey results showed general satisfaction of
students with the simulation-based course. Regarding the
role of procedural labs as an adequate enhancement for
traditional anatomy labs, students considered the basic
procedural skills course as a strong alternative for tradi-
tional anatomy lectures and labs. Moreover, a comparison
of participants’ pre- and post-course answers indicated a
significant increase in their anatomy knowledge.

Conclusions: This study thus indicated a positive
perception of students about a course that employed
innovative educational measures. In this way, the positive
impact of teaching anatomical knowledge through basic
procedures was noted.

Keywords: Anatomy; Education; Low-fidelity simulation;
Medical simulation; Nursing students
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Introduction
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Peer review under responsibility of Taibah University. Anatomy is considered as the foundation of medical ed-

ucation. Many have argued that it is no longer as relevant as
before, as it does not correlate with the demands of modern
medical learning. However, in recent years, the subject of
human anatomy has been modified and developed to
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continually meet expectations and to keep up with evolving
teaching and learning methods. The aim is to present and
teach anatomical knowledge by employing modern tech-
nologies and learner-centred pedagogic methods; this will
ensure that anatomy curriculums will not be adversely
affected as a result of the failure to progress and adapt to
present teaching and learning demands.'

Furthermore, it is important to ensure that all medical
professionals have a minimum working knowledge of anat-
omy. Thus, subjects discussed in lectures/labs should provide
health care workers (HCWs) with sufficient data that can
enable them to safely practise and communicate with fellow
medical professionals.2 In most medical schools in Poland,
anatomy knowledge is gained through a so-called ‘tradi-
tional’ teacher-centred approach— that is, lectures and
dissection classes.

These methods have been successfully implemented in
anatomy-related research in undergraduate medical educa-
tion: cadaveric dissection, the use of models, inspection of
dissected specimens, and more modern approaches to surface
anatomy and radiological anatorny.3 The latter one is
considered a simulation tool, as it employs ultrasound
examination; however, arthroscopy is considered as the
more advanced method.*> The term ‘simulation’ refers to
any activity that involves the process of simulating any
form of examination or any other medical procedures; it
also includes video demonstrations and encounters with
patients in real-world contexts.” ' More modernised
approaches to teaching anatomy involve computerised
alternatives that employ computer-assisted learning (CAL)
and 3D printed models, which are some emerging trends in
this field.'' "

Therefore, the current tendency in medical education is to
shift towards a student-centred learning and teaching
model.'* In particular, worldwide, the widely accepted
approach  for leading anatomy classes involves
incorporating a problem-based learning method and shift-
ing to a problem-based curriculum.'> Computer-assisted
learning has also taken the form of 3D models, radio-
graphic images, and computer simulations in anatomy cur-
riculums that use modern approaches.16 This shift towards
‘learning by doing’ has been introduced in a major
curricular reform that Poland’s Ministry of Health recently
implemented in Polish medical universities.'’

However, there is a ‘gap’ in practical teaching in early
years of medical studies with regard to the simulation
teaching methods employed at simulation laboratories—the
employment of low-fidelity simulation for presenting basic
procedural skills that are framed by clinical encounters
involving all aspects of simple procedures; this helps to place
anatomical knowledge in the proper clinical context. We
based our research on filling the ‘gap’ of those encounters,
which mirrored clinical settings. To address these challenges,
15 of the 60 h assigned to the anatomy course were devoted
to developing simple procedural skills based on the acquired
anatomical knowledge.

This current research investigates the value of such labs
for students in terms of helping them acquire procedural
skills; this value of newly introduced labs was determined
based on the anatomical knowledge acquired by partici-
pating medical students before they entered a clinical setting
during the mandatory one-month nursing internship.

Materials and Methods
Setting

The labs (total duration: 15 h) were dedicated to teaching
basic procedural skills (BPS). Instead of cadavers, the labs
used modern task trainers; furthermore, these labs were
taught in the newly developed Centre for Medical Simulation
of Medical Univrsity of Lublin (MUL).

Course design and participants

The program of studies 2013—2019 introduced modifica-
tions in the form of procedural skills labs. The classes were
taught to first-year medical students of MUL. The course was
implemented between February and April 2015. In May 2015,
another modification—the final practical assessment in the
form of the Objective Structured Clinical Examination
(OSCE)—was introduced. The practising of skills and the
acquisition of correct techniques were preceded by a short
introduction on relevant anatomical structures. Assuming the
roles of medical personnel, students practiced their acquired
skills and paid attention to the investigated anatomical struc-
tures. The procedural skills lab included five modules: bureau
of basic vital signs (heart rate/pulse, body temperature, blood
pressure, oxygen saturation, respiratory rate); peripheral vein
catheterisation; urinary catheterisation; digital rectal exami-
nation; and hygienic/surgical hand wash procedures, as
implemented using low-fidelity simulators and task trainers.
This ensured the repetitiveness of the procedure. Learning
objectives were chosen from the curriculum—including ones
required for the upcoming nursing internship—and they were
based on current educational regulations.lx

The BPS course implemented the concept of blended
learning, which refers to the combination of face-to-face in-
teractions and online resources to increase in-class in-
teractions.'” Students who took the course were provided with
electronic resources, such as the UpToDate® database, an
online course handout, and procedure descriptions on the
University website. These resources aimed to clarify and
enhance the theoretical course content in order to prepare
students for the labs of each lab session.

The BPS course included five modules, which were
devoted to teaching necessary practical skills for the oblig-
atory nursing internship after the first year of studies. The
BPS course aimed to supplement and develop the existing
learning objectives of the anatomy course. Each block lasted
for 3 teaching hours (3 x 45 minutes), and they were taught
in groups of five students. Each teaching session started with
a 30-minute introduction and discussion of the anatomical
basis of the given procedure; this helped to locate appro-
priate anatomical structures before the practising of the
relevant procedure could be continued in the simulation
environment.

Measured outcomes

Following Best Evidence Medical Education (BEME)
collaboration suggestions to assess the outcomes of the
implemented educational intervention, the authors employed
modified Kirkpatrick’s levels.'” The modified version of the
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Kirkpatrick’s levels uses a hierarchy to evaluate the impact of
educational interventions. The four levels are as follows:

I. Level 1: Participants’ views on the received learning
experience (instrument: self-reported questionnaire)

II. Level 2: A noticeable difference in attitudes and per-
ceptions (2a) or knowledge and skills (2b) (practical
examination in the form of Objective Structured Clinical
Examination [OSCE] and pre-post anatomy test)

III. Level 3: A change in behaviours (for example, the
application of new knowledges and skills)

IV. Levels (4a) Change in organisational practice and (4b)
benefits to the patient.

As we examined the effects on the undergraduate sample
(in their first year of study), the first two Kirkpatrick’s levels
applied to our investigation (Level 1 and Level II 2b).

Instrument

To measure students’ satisfaction with the course, we used a
diagnostic survey with questionnaires. To assess the impact of
training, students were invited to respond to a self-reported
paper questionnaire containing 15 closed items; the question-
naire assessed the impact of the skills labs. The post-survey used
a 5-point Likert scale that allowed students to indicate their
opinions (5 = strong contentment, 4 = contentment, 3 = neither
contentment nor discontentment, 2 = discontentment,
1 = strong discontentment) regarding the BPS course. This
original questionnaire was based on the extant literature in the
field; participants’ socio-demographic data were collected, and
the simulation training was assessed in terms of making the
anatomy class more appealing and relevant. All participation
was anonymous and voluntary. The items dealt with overall
opinions about the course, detailed questions regarding the
organisation, used equipment, surroundings, topics, trainers’
attitudes towards the course and its participants, and the
question of whether the participants considered it valuable in
terms of teaching anatomical structures.

The assessment results analysis and the student post-
course questionnaires were followed by an evaluation of
the participants’ anatomical knowledge. The survey had 5
enclosed questions concerning anatomical structures, which
were discussed during the lab sessions. These questions were
provided to the participants before and after the course
and—once again—two years after the course was finalised
(when participants were in their 4th year).

Consequently, the scientific committees of the I Faculty of
Medicine and the II Faculty of Medicine at the Medical
University of Lublin (MUL) accepted the subject as an
obligatory course for the medical curriculum during the
2013-2019 period.

The study was approved by the local institutional ethical
committee (permission no. KE-0254/309/2015).

Participants

First-year students were recruited as survey participants.
The medical students had taken a semester of the anatomy
course, and the relevant topics were covered in the form of
lectures and laboratories with cadavers.

A total of 324 questionnaires were handed out, and 299
participants returned completed forms consenting to
participate in the study (92%). The observational study
involved testing the BPS course’s reliability in terms of
creating a gold standard for these five procedures: bureau of
vital signs, peripheral vein cannulation, urinary catheter-
isation, digital rectum examination, and hygiene/surgical
hand scrub. We investigated the extent to which aligning
anatomical structure-related knowledge along with proce-
dural skills enhanced the traditional anatomy content.

Afterwards, the same five questions concerning anatom-
ical structures were directed to 4th-year students. A total of
193 students (60%) decided to participate in a voluntary and
anonymous test that assessed knowledge retention with re-
gard to anatomical structures two years after BPS course
completion.

Objective Structured Clinical Examination

An Objective Structured Clinical Examination (OSCE)
was conducted to provide an objective assessment of the
acquired practical skills. Students were informed about the
tasks they were assigned during the OSCE.

The OSCE exam was divided into five stations: auscul-
tation of the heart and pulse check, non-invasive blood
pressure measurement, peripheral vein cannulation, digital
rectum examination, and urinary catheterisation. Each sta-
tion had a corresponding checklist that was designed by the
employees of the Department of Didactics and Medical
Simulation and based on past literatures. This assessment
was recorded using cameras that were installed in the work
stations. Each student completed all five stations in a
rotating order with the other participants among the OSCE
rooms every 5 min. Each door bore a sign with the name of
the assigned station. Before the exam, participants were able
to access a detailed description for each procedure and the
OSCE examination, which was uploaded on the University
website.

Statistical analysis

Database and statistical calculations were conducted us-
ing the Statistica Version 10 computer software. Quantitative
parameters were represented as mean values along with
standard deviations (+SD), and the median values were
represented with minimum and maximum values; the quali-
tative values were presented in numbers and percentages.
The correlations between the studied parameters were
assessed using the Mann—Whitney U test, which indicated
P < 0.05 as the level of statistically significant correlation
along with 95% of Confidence Interval.

Results

Level 1: Participants’ views on the received learning
experience

Out of the 324 first-year medical students at MUL, 299
(mostly female [60%]) participated in the survey. The post-
course answers indicated a general satisfaction with the
simulation-based labs for procedural skills: 75% of the
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Table 1: Mean (& standard deviation) of the questionnaire items along with correlations between gender and positive responses among
BPS course participants. Statistically relevant correlations are bolded.

Questions Total population Gender p
Mean (+£SD) Mean (£SD)
Female Male
I am satisfied with the BPS course in general. 4.7 (£0.6) 4.79 (£0.5) 4.58 (£0.7) 0.002
The contents of that course are important for my future profession. 4.7 (£0.6) 4.80 (40.5) 4.64 (+0.7) 0.019
I have learnt a lot during this course. 4.7 (£0.6) 4.75 (£0.5) 4.58 (£0.7) 0.032
I have actively learnt new procedural skills in this course. 4.7 (£0.6) 4.71 (£0.6) 4.58 (£0.7) 0.097
I have participated in this course with pleasure. 4.7 (£0.6) 4.80 (£0.5) 4.62 (£0.7) 0.020
I have worked effectively during the course time. 4.5 (£0.6) 4.59 (£0.6) 4.47 (£0,7) 0.145
The teachers were interested in the students’ learning outcome. 4.6 (£0.6) 4.60 (£0.6) 4.62 (£0.7) 0.640
I have been treated fairly by the teachers. 4.8 (£0.5) 4.85 (40.5) 4.84 (+0.4) 0.665
The virtual learning objectives are comprehensive. 4.9 (£0.4) 4.88 (£0.3) 4.86 (£0.4) 0.614
The course contents are well coordinated and well structured. 4.6 (£0.7) 4.62 (£0.6) 4.52 (£0.7) 0.148
Premises and equipment of CSM are satisfying. 4.6 (£0.7) 4.60 (£0.6) 4.48 (£0.7) 0.129
The iMUL Skill Guide helped me significantly with course preparation. 4.1 (£1.1) 4.10 (£1.2) 4.14 (£1.0) 0.795
The course motivated me to practise my skills regularly. 4.1 (£0.9) 4.15 (£0.9) 4.00 (£1.0) 0.167
I am content with the organisational handling of the BCS course. 4.5 (£0.8) 4.53 (£0.8) 4.49 (£0.8) 0.168
Table 2: The results of the Objective Structured Clinical Examination.
The name of the station Total number of students First pass
n %
Auscultation of the heart and pulse check 299 292 98%
Non-invasive blood pressure measurement 291 97%
Peripheral vein cannulation 277 93%
Digital rectum examination 298 99%
Urinary catheterisation 231 77%

participants (n = 223) stated their content with the training
and graded it 5 out of 5 (Table 1). Among the students, 21%
(n = 64) were satisfied with the course. Overall, most of the
female participants rated the course positively. The first
questionnaire results are presented in Table 1.

Female students evaluated the course more highly with
regard to satisfaction with the procedural skills labs, the

BPS topics were an adequate enhancement for the anatomy course

100%
90%
80%
70%
60%
50%
40%
30% 21%
20%
10%

0%

67%

O Definitely yes

HYes Hldonotknow HNo

course content’s importance, the acquired knowledge, and
participation in the course.

Overall, the BPS course received a positive feedback, as
students’ satisfaction with the course reached a mean value
of 4.7 (£0.6).

Separately, we presented the students’ opinions regarding
the usefulness of the course for enriching anatomy-related

7%
4% 1%

H Definitely no

Figure 1: BPS topics as an adequate enhancement for the anatomy course.
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Figure 2: A statistically significant difference between the sum of the students’ correct answers for identifying anatomical structures that

were taught during the lab sessions.

knowledge (Figure 1). Regarding the role of procedural labs
as an adequate enhancement for traditional anatomy labs,
students considered the BPS course as a sufficient
supplementation for traditional anatomy lectures and labs;
88% of BPS participants’ answers confirmed their support
for this new teaching model (Figure 1).

1. The aortic valve auscultation area is located in

2. Structures palpable during the digital rectal examination are

3. Male urethra does not include the following part

4. Mark one of the following surface veins located in the cubital
fossa:

5. Mark one of the following procedures not requiring aseptic
techniques

® Prior

0%

Level 2: A noticeable difference in knowledge and skills (2b)
(practical examination in the form of Objective Structured
Clinical Examination [OSCE] and pre-post anatomy test)

Additionally, regarding the students’ opinions, an
Objective Structured Clinical Exam assessed participants’

94%

@

‘63%

94%

51%
92%

98%
99%

20%

40% 60% 80% 100%

Post

Figure 3: The percentage of correct answers before and after Basic Procedural Skills (BPS) course completion (App 1). The upper bar
indicates the correct answers provided by the participants before taking the practical labs; the lower bar indicates the correct answers

provided by the participants after taking the practical labs.



452 K.A. Naylor

knowledge at the end of the course. The results confirmed
that participants acquired all five procedures during the
course. Table 2 shows the high pass percentage among those
who were examined.

Considering the results for the anatomy questions (see
Appendix | for further details), compared to their answers
before and after taking the BPS course, the BPS course
students showed a visible increase in their anatomical
structure-related knowledge (Figure 2). Both (pre- and
post-) questionnaires were implemented after these issues
were explained during anatomical labs and lectures.
However, most of the surveyed participants provided
correct answers for the questions concerning relevant
anatomical structures after taking the BPS course. Figure 2
indicates a noticeable growth in the students’ ability to
identify anatomical structures after taking the course
compared to their results before taking the BPS course.
The total median values of the correct answers improved
significantly (p < 0.001)—from 3 on the Likert scale
(median values before the labs) to 5 after the course
implementation. Overall, the BPS course participants
improved their anatomical structure-related knowledge.

Figure 3 presents the percentage of correct answers for
each of the five anatomical structure-related questions that
were provided to the students before and after the course.
The increase of anatomical knowledge for each of the
included areas (excluding question number 1) is visible and
significant.

When asked the same questions before they started their
4th year, the mean percentage of correct answers among
voluntary medical students, who were providing responses
two years after finishing the BPS course, was 78%
(SD + 20%).

Discussion

The concept of a novel low-fidelity simulation lab that
was embedded into the anatomical course appealed to the
medical students. Participants underlined the value of having
active involvement during classes and of introducing basic
skills based on anatomical structure-related knowledge in a
simulated environment.

The new curriculum focuses on the learner and builds its
teaching methods around learners’ needs. The filled ‘gap in
practical teaching methods’ concerned level-appropriate
simple clinical procedures that were practised on low-
fidelity task trainers shortly before students were able to
implement them in a clinical setting. The BEME review
included only one study that provided the possibility of
practising clinical skills as a part of an undergraduate-level
anatomy course; the research uncovered positive outcomes
among participants regarding their opinions and the ac-
quired knowledge and skills.”

Various studies have confirmed students’ increasing
discontent with traditional approaches to teaching. In their
research, Sugand et al. use the term ‘mixed method’ to
describe the trend of substituting traditional methods in
medical education.® Authors Sugand et al. mentioned the
option of integrating basic sciences with clinical practice at

the beginning of medical studies. Our approach, which is
based on this reasoning, introduced simple procedural
skills to enhance the teaching of anatomy. The learner is
exposed to elements of clinical environments right from the
beginning of their preparations to become a medical
doctor. Consequently, basic sciences do not seem to have
been disassociated from clinical practice.

Mabhan et al. outline this re-imagining of medical education
as emphasising the importance of early clinical exposure and
the integration of basic and clinical sciences and competency-
based education9; a similar view is presented in the research of
Torres et al., where the teaching of imagining techniques was
based on sectional anatomy knowledge. These issues are also
present in our re-designed anatomy course.”’ As a result, the
learner tackles simple medical issues when employing these
procedural skills; being at the centre of the educational
process.”!

The BPS class was based on the abovementioned principle,
and it ensured the transparency of the procedures prior to
implementing them in the clinical setting. This transparency
was also based on the clear explanation of anatomical
structures and surface anatomy at the beginning of each
practised procedure. Another reason for introducing simu-
lation-based training during the basic procedural skills
involved the need to ensure the general consistency and uni-
fication of the performed procedures. Performing these tasks
allowed the learners to immerse themselves in the clinical-like
setting. This immersion principle was also developed in a
study by Parikh et al., where the physical examination’s basis
was implemented in a skill lab environment as a part of the
teaching of reproductive system anatomy.22

Additionally, clinicians can notice any gaps in anatomical
knowledge when students implement their tasks in a medical
environment.”’

Such procedural skills constitute a basis for complex med-
ical procedures; therefore, medical students found them use-
ful.’* These procedures are basic in nature; however, they still
provide countless possibilities for performing errors or
misconducts, which, in turn, could result in serious
complications in a patient’s condition in a clinical setting.
Most of these complications could be attributed to an
unawareness concerning the anatomic relationships between
given structures.” Therefore, these knowledge gaps should
be clarified during the study period through connections to
the procedural skills. At the same time, students also wish to
access opportunities for practising before entering the clinical
setting. The simulation environment with task trainers and
the low-fidelity simulation offer this opportunity. Similar to
our study, Pugh et al. included a simulation course where 16
research participants expressed their satisfaction with the
laparoscopic ventral hernia course; furthermore, research by
Torres et al. involved a medical course that used a combination
of gross anatomy and surgical-based approaches.%’27

There is also a verified effectiveness in using simulators
during introductions into the medical profession.28 This
contextualisation of acquired knowledge is widely
hypothesised in the methodological literature.””*"  This
process indicates the transferability of anatomical structure-
related knowledge into the clinical environment.
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Faulkner et al. proved that participation in a simulation-
based course could raise students’ confidence and shorten the
time they took to perform a fluoroscopically guided lumbar
puncture.31 The simulation course outcome showed an
undeniable increase in both students’ knowledge and skill,
and they appreciated this outcome the most. In addition to
the subjective evaluation of the course, the OSCE exam
proved useful. Research by Carr et al. also confirmed
simulations’ utility in the introduction of procedural skills.
Faculty members as well as students identified simulation
as the primary method of acquiring these skills.*> However,
monitoring further developments in the career and abilities
of students would be a very useful factor in this regard.

The lack of changing and altered conditions/aspects may
be a shortcoming that deteriorates the benefits of a low-
fidelity simulation; however, the low-fidelity simulation
constitutes an introductory stage.33 This stage is followed by
practice in high-fidelity conditions and, later, in clinical set-
tings. The significant factor here involved showing clear links
between the anatomical theory and the clinical environment
itself; these links were formed by the procedural skills in the
simulation settings. On the other hand, in his pyramid,
Bloom underlines the necessity of applying a new concept/
skill in a typical situation before learning to use it in an
atypical medical situation. Therefore, learners should
perform a planned and expected application of acquired
skills in a familiar environment before they can test them in a
clinical situation.** °

Limitations

This study did not investigate the clinical environment-
related transferability of skills that were learnt during
low-cost simulation-based course; therefore, that issue will
be further explored in the next phase of this research.
Additionally, this research included only one cohort of
students; therefore, its results may not be generalisable.
However, this study’s results do present a new methodo-
logical approach.

Conclusions

This research demonstrated the beneficial impact of
technologically enhanced labs, which are based on anatom-
ical knowledge. Each lab session functioned as a tool for
preparing participants for further clinical practice; this was
independently confirmed by the high percentage of students
who passed during the Objective Structured Clinical Exam.
Additionally, subjective assessment showed that the partici-
pants perceived the course contents as being of great
importance for their future professional lives. Further in-
vestigations for addressing students’ long-term competence
and skills transferability in patient care are already being
carried out.

Recommendations

To enable students’ retention of anatomical content, we
should apply it when teaching simple procedural skills as
soon as possible after finalising the formal anatomy course.
Medical students enjoy applying their knowledge while

practising skills that are appropriate for their level of
training. Simulation environments provide a safe alterna-
tive for new students at the beginning of their studies, who
are not yet ready to enter the clinical environment.
Furthermore, the low-fidelity simulation and task trainers
necessary for leading such practical laboratories are cost-
effective and do not require extensive training for the
leading faculty.
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Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jtumed.2020.08.005.

Appendix 2

The survey’s anatomical questions along with the correct
answers (bold font):

5. Mark one of the following procedures that does not
require aseptic techniques:
a) Urethral catheterisation
b) Non-invasive blood pressure measurement
¢) Superficial vein cannulation
d) Surgical hand washing procedure
4. Mark one of the following surface veins located in the
cubital fossa:
a) Radial vein
b) Median cubital vein
¢) Lateral cubital vein
d) The great cephalic vein
3. Male urethra does not include the following part:
a) Membranous
b) Prostatic
c) Pelvic
d) Intramural
2. Structures palpable during the digital rectal examination
are:
a) Corpus uteri
b) Urinary bladder
¢) Houston valves
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d) Appendix

. The aortic valve auscultation area is located in:

a) 2nd right intercostal space over the right sternal border
b) 2nd left intercostal space over the right sternal border
¢) Erb’s point

d) 5th intercostal space in the left midclavicular line
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