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Abstract

Background: Simulation-based education has become more prominent in recent years. In our university, we have begun to use
simulation at various levels in the curriculum.

Objectives: We decided to utilize simulation to meet the challenges of teaching medical students in the operating theatre, which
have slowly risen over the years at our place of practice.

Methods: A total of 120 final year medical students posted to anesthesia were divided into two groups and exposed to two different
operating theatre (OT) teaching environments: Group I: Actual OT and group 2: Simulated OT. The performance of the two groups
on 25 MCQs was compared using the chi-square test and independent t-test.

Results: The chi-square test showed no significant difference between the groups in the number of students who passed the test at
the end of the posting [ x* (2,N=119)=2.375,P> 0.05]. An independent t-test carried out on the test scores showed that the actual OT
group (M =10.15, SD = 2.284) performed better than the simulated OT group (M =9.04, SD =2.528), and it was statistically significant
[t (112)=3.265,P=0.001].

Conclusions: There was no difference in terms of pass or fail between the two groups suggesting that OT learning could be simu-
lated. However, the actual OT group had overall better scores statistically. Thus the depth of learning may be better with actual OT
teaching, especially because the teaching and learning occur in the real environment. Until further research suggests that simulated

Operating Theatre

OT can replace actual OT learning for undergraduates, we plan to use the simulated OT as a bridge towards actual OT learning.
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1. Background

Anesthesia is part of the undergraduate curricula in
most medical schools, as is in ours, although there appears
to be no formal consensus about curriculum content for
anesthesia in undergraduate medical education. Teaching
in the operating room is the primary teaching method dur-
ing clinical years in many universities, as this is where the
main practice of anesthesia occurs (1, 2). The width and
depth of content and the technique of delivery appear to
vary significantly among institutions though students’ ex-
posure and presence in the operating theatre (OT) appear
common to all (1, 3-5).

Students entering the clinical phase begin with a dis-
advantage, facing challenges of a change from a relatively
safe classroom environment where they are somewhat
“spoon-fed” to an environment completely alien to them,
the wards, and clinics (6). They are thrown into an environ-

ment that expects attitude, behavior, and knowledge of a
workplace, which, in a nutshell, is reality. Wards and clin-
ics are benign compared to the entry into the world of OT
where the differences are much more, and students strug-
gle navigating through this environment, making sense
of OT dressing to OT etiquettes, the dos and don’ts, and
more. Whether it is an entry into OT during anesthesia or
a surgical-based posting, exploration into students’ expe-
riences of learning in the OT indicates common barriers
to learning. Attempts have been made to overcome some
of these barriers in the form of pre-posting orientation or
courses and the use of simulation (6-8).

Medical students’ learning in the OT during anesthe-
sia posting has become a challenge at our university in re-
cent years. It has progressively become more difficult to
have students spend time learning in the OT due to the
increasing number of students from various disciplines
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(nursing and medicine) and different universities utiliz-
ing the OT for a similar purpose. Over the years, the head-
count has increased with no increase in infrastructure and
space, contributing to the challenges. Fear of patient safety
due to increased risks of infection has led to the restric-
tion in the number of students allowed to enterinto the OT.
Hence students are often unable to observe the anesthetic
management of a patient from induction to the reversal of
anesthesia. They also miss out on the post-operative care of
these patients in the recovery room before they are cleared
for discharge from OT to the wards. This process is an im-
portant component of the anesthesia curriculum.

2. Objectives

Our study aimed to identify if the outcome of teach-
ing anesthesia in simulated OT is comparable to the out-
come of teaching in the actual OT. This may be a novel way
to overcome the problems of undergraduate anesthesia
learning at our university.

3. Methods

In our curriculum, exposure to anesthesia learning oc-
curs in the final year and over two weeks, linked to four
weeks of surgical rotation (a total of six weeks of surgical
block posting). Students are expected to go into the OT and
observe anesthesia being delivered for all types of surgical
procedures.

This is a randomized controlled trial conducted on 120
final year medical students posted to the Department of
Anesthesia during their surgical block posting. Students
were briefed regarding the study, and written consent was
obtained before they were recruited to participate in the
study. All students opted to participate in the study though
they were given the option to decline. The goals and learn-
ing outcomes were decided by the Anesthesia Faculty at the
beginning of the semester based on the curriculum. This
was to standardize the teaching delivery and content.

The test items were prepared by the Anesthesia Fac-
ulty based on the curriculum content. The areas tested
included perioperative care, OT processes (patient safety,
checklists, consent, emergency, and elective procedures
in OT), airway management, basic principles of anesthe-
sia, and monitoring and phases of anesthesia (induction,
maintenance, emergence, and recovery care before dis-
charge from OT).

There were a total of 120 students in this final year co-
hort, and they were divided into 3 groups of 40 students
who rotated through 3 major postings; Internal Medicine,

Family Medicine and Surgical block (combined surgery
and anesthesia). Each group of 40 students during the sur-
gical block posting were divided into four groups A, B, C,
and D and rotated through the Anesthesia and Surgical De-
partment over the six weeks (Figure 1). Randomization of
each of the four groups was carried out by having each
group’s leader to draw lots at the beginning of the post-
ing to decide which session (actual OT/simulated OT) they
will be first exposed to. Students in group I initially experi-
enced teaching in the actual OT environment while group
Il had their initial exposure in the simulated OT.

At the end of week 5, all 40 students completed 25
MCQs. At week 6, all groups were exposed to the simulated
or actual OT sessions that they had no experienced initially
to ensure that all students were exposed to both types of
teaching and learning. The performance of the two groups
on the MCQ test was compared using the chi-square test
and independent t-test.

3.1. Simulated OT Session

The simulated OR had a functioning OT table with a
high-fidelity manikin on it, a working general anesthesia
(GA) delivery machine, and a drug trolley with all drugs
and equipment usually found in an actual OR. Clinical
skills staff, who were actual nurses, role-played, begin-
ning with the with pass-over from the ward nurse to the
OT nurse, which included the communication, checking
of the patient using the safe surgery checklists. A pre-
created scenario of an ASA II (American Society of Anesthe-
siologists) patient with detailed patient records and con-
sent forms were used. Then, the faculty played the role
of an anesthetist and carried out assessments on the pa-
tient (standardized patient) before entering the OR. Once
in OR, the manikin was used as the patient for further
teaching. The processes of checking the machine, equip-
ment, drug preparation, induction, mask ventilation, in-
tubation, monitoring, maintenance, and reversal of anes-
thesia were carried out. Students got to see physiologi-
cal changes in blood pressure and heart rate secondary to
drugs and intubation as occurs in an actual OT setting. A
debriefing session was held at the end of “surgery and anes-
thesia” to discuss all the intended learning.

3.2. Actual OT Session

Students were instructed to enter the OT very early
in the morning to observe the exchanges between ward
nurses and OT nurses when patients were brought into
the OT. Two students were assigned to an OR; hence, they
followed the patients’ progress from entry into the OT
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Figure 1. Flow chart showing the grouping students

to transfer to the OR. They followed the respective anes-
thetists to the OR and observed the assessment procedure,
patient safety checks, induction, intubation, maintenance,
monitoring, and reversal (not always possible as some
cases took longer to end). Students, then, presented the
cases they had observed to the faculty and had discussions
intherecoveryarea of the OT where patients were observed
to avoid grouping in one OR disrupting routine work. At
the end of the written test, students were invited to pro-
vide verbal feedback regarding their experience with the
learning.

3.3. Statistical Analysis

An analysis was conducted using SPSS. The perfor-
mance of the two groups on the MCQ test in terms of scores
and pass/fail results were compared using the chi-square
test and independent t-test. Ethical approval was obtained
from the University Ethics Committee before the conduct
of research.
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4. Results

Of the 120 students, one did not participate, and five
did not attempt the test as they were absent for the class
on the test days; thus, the analysis was performed on 114
students of whom, 49 were males and 65 were females.

Although the number of students who passed the test
was slightly higher in group I (actual OT) than in group II
(simulated OT), the Chi-square test showed the difference
was not significant [x? (2, N=119) =2.375, P> 0.05].

The actual OT (group I, n = 57) had a mean score of
10.51 (SD = 2.284) (Table 1). By comparison, the simulated
OT (group I, n = 57) had a lower mean score (M = 9.04;
SD =2.528). An independent t-test to compare the mean
scores between the two groups showed that the actual OT
group (M=10.15,SD=2.284) performed better than the sim-
ulated OT group (M = 9.04, SD = 2.528) and it was statisti-
cally significant [t (112) = 3.265, P = 0.001]. The actual OT
group appeared to obtain better scores than the simulated
OT group.
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Table 1. Descriptive Statistics of Actual and Simulated OT Groups®

Group Number Values
Actual OT 57 10.51 4= 2.284
Simulated OT 57 9.04 +2.528

*Values are expressed as mean + SD.

5. Discussion

Awareness of surrounding and learning from experi-
ence is well established as an important part of adult learn-
ing (9,10). Simulation is becoming a frequently used expe-
riential teaching-learning tool to bridge the gap between
the classroom and the actual environment in undergradu-
ate and postgraduate healthcare education (5, 11-14). More
reports on the benefits of simulation in clinical education
are accumulating, validating its relevance in the health-
care industry. The need to expand and explore the use of
simulation in a more diverse manner is still lacking for var-
ious reasons. Simulation-based teaching is very resource-
intensive, and the preparation for the teaching is some-
times longer than the conduct of the simulated session
per se. That and the lack of resources can make simulated
teaching more challenging for faculties who are not pro-
ponents of this style of teaching in the first place.

The needs assessment and feedback from students
about the challenges facing when attending the actual OT
spurred the decision to attempt the inclusion of simulated
OT teaching as part of our anesthesia teaching delivery
style. Students’ first exposure to OT set up is when they en-
ter the clinical phase in year 3 and start their surgical based
rotations. At this point, they enter the theatre to observe
the surgical cases and do not get any exposure on anesthe-
sia provided for the patients as it is not part of their year
3 curriculum. At the beginning of the surgical posting,
they are briefed about the OT etiquettes and processes by
surgical faculty before they venture into the OT. However,
the quality of learning is threatened by the lack of knowl-
edge about the basic functioning and system processes of
an OT. The OT can be quite overwhelming to first-timers
as it is usually a very busy zone with constantly changing
situations. Students observe the environment, staff in ac-
tion, activities, monitoring, and exchanges without really
understanding the important nuances that are relevant to
their actual learning. These are “hidden” areas of learning
that they are not aware of and where a prior exposure in a
simulated setting would help shed some light and create
awareness, allowing faster acclimatization to the OT envi-
ronment, making understanding and learning in the ac-
tual environment more constructive (6). The group of stu-

dents in our research was in year 5 and had been to the OT
during their surgical posting in year 3 but without expo-
sure to anesthesia. Having said that, the results appeared
to indicate the lack of knowledge in both groups under
study, perhapsindicating a need to pause and rethink or re-
strategize our teaching. Most in both groups did not per-
form well in the MCQ test.

Knight et al. (6), identifying many problems in the OT,
conducted an induction course for students before anes-
thesia posting to overcome many of these issues. They had
positive feedback from students who felt they were more
confident in the theatre after the course, which goes to
imply that some exposure before the actual learning envi-
ronment has some benefits. A study conducted in a simu-
lated OT environment to orientate third-year medical stu-
dents entering the surgery clerkship for the first time had
positive feedback on the learning experience. Students
reported being more confident when in the OR and bet-
ter understand how they could become more involved on
their first day there (8). A literature review of medical stu-
dent learning in the theatre environment found several
common themes that affected their learning. Students de-
scribed the lack of clear objectives, fear, anxiety, and feel-
ings of humiliation and intimidation as some of the barri-
ers to their OT learning. The study identified concerted ef-
forttowards the preparation of students for theater setting
as one of the ways to overcome some barriers to OT learn-
ing (15). Similarly, another study by Bowrey and Kidd (16)
looked at early emotional experiences in the OT and their
influences on medical student learning; all participants re-
ported initial negative emotions (apprehension, anxiety,
fear, shame, overwhelmed), with negative feelings like loss
of familiarity, organizational issues, and concerns about vi-
olating the protocol. Their early learning experiences cen-
tered around adjustment to the physical environment of
the OT, and most students needed an average of one week
to overcome these barriers before they could be comfort-
able and learn better (16). These studies further enforce the
need for some form of pre-OT exposure before entry to the
actual environment.

Students reported a positive learning experience with
simulators and an opportunity to apply their knowledge
inarealistic environment in research done by Cleave-Hogg
and Morgan (17) Our students also responded that they
found the simulated session to be helpful before the actual
session as they could better appreciate and be aware of the
happenings in the OT.

Aliterature search for similar research was not success-
ful though we did find a related study that compared simu-
lated teaching with didactic teaching (18). In this study, the
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authorsnoted that though there was greater improvement
in post-teaching MCQ among the simulator group, base-
line scores were higher in the lecture group. In our study,
we also noted that though there was no statistical differ-
ence in the result of the test between the groups in the
numbers that passed or failed the MCQ test, the actual OT
group had better scores. However, both groups did not do
well in MCQs, which, in itself, questions the teaching and
how much students actually learn during their sessions in
the OT setting. A study that compared the effectiveness
of teaching general anesthesia induction using simulation
and traditional supervised teaching found that the simula-
tion group performed better in 25% of tasks than the tradi-
tional group (19). Training for surgical specialists on crisis
resource management (CRM) in a simulated OT set up at
some centers showed benefits (20, 21). Extrapolating from
this, undergraduate teaching may benefit from the simula-
tion as a teaching tool, especially for experiential learning.

The extent to which students become immersed in a
simulated clinical scenario (degree of immersiveness) can
be improved by increasing the fidelity. Students then be-
come engaged psychologically and view the situation they
are in as real, becoming the person they represent in the
scenario.

Recreating an OR environment that closely resembles
the actual OR and using a standardized patient (SP), chang-
ing into OT scrubs were techniques we utilized to enhance
the fidelity of the scenario. We utilized a high-fidelity
manikin in the simulated OR environment, attempting
to simulate the actual OR as we best could, given the re-
sources and environment. The OT reception bay was a cor-
ridor outside the simulated OR that was cordoned off to
create an enclosed area. Many factors could have influ-
enced our research as simulating some aspects of an ac-
tual OT situation was not possible, especially the hustle
and bustle of the real OT with the inter-professional team
environment.

During debriefing and feedback sessions, however, the
response to the simulated OT sessions was positive and
well received by students. Students felt that they were
more aware of the roles of OT personnel, patient safety pro-
cesses involved, and perioperative care of patients. A more
immersive simulated experience created by a more realis-
tic environment that includes a multi-professional team
and a relook at the learning outcomes and what students
actually perceive may help improve their performance af-
ter the exposure. A major challenge would arguably be the
availability of resources and time constraints.

] Med Edu. 2020; 19(1):e103487.

5.1. Limitations

The immersiveness of the students due to the lack of
amulti-professional team (nurses, surgeons, other OT sup-
port staff).

Using test questions not validated by other anes-
thetists outside the university.

The fidelity of the environment.

Individual student’s intellectual capacity and prepara-
tion before classes.

The conduct of the sessions by two instructors instead
of the same person for all the groups.

Using unequal time intervals between teaching ses-
sions and the test for all the groups due to the logistics of
students’ schedules.

5.2. Conclusions

While we acknowledge the limitations of our study, we
also interpret the results in a positive light, even as encour-
aging in that, there was no statistical difference in the out-
come of both the teaching styles in terms of the number of
students who passed or failed the test though there were
differences in actual scores, suggesting the possibility of
a future for OT teaching in the simulated OT environment
even if it is just as a bridge to help transfer skills to be per-
formed in the actual environment.

However, whether it can replace actual OT learning is
not answered here though similar research in the future
may provide more information and answers. This research
has, in some ways, been an eye-opener for the faculty as it
affirms the difficulty in predicting what students actually
learn no matter how well we design our instructions. At
our university, the introduction to simulated OT environ-
ment at the beginning of the clinical phase may help stu-
dents adapt to face the complexities of the actual “alien” OT
environment and improve learning. At the very least, we
now look towards using the simulated OT as a path towards
improved learning experiences in the actual environment.
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