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A technical skills elective program for pre-clerkship medical students
reduces levels of high anxiety for performing technical skills

Tyson Savage a, *, Justin Z. Wang a, Thin Xuan Vo a, Gary Ko a, b, Riaz J. Karmali a,
Jennifer Siu a, Stefania Spano a, Daniel You a, Mila Kolar a, c, Andrea Winthrop a, c,
Stephen Mann a, c

a Undergraduate Medical Education Program, Queen’s University, Kingston, ON, Canada
b Postgraduate Medical Education Program, Queen’s University, Kingston, ON, Canada
c Department of Surgery, Queen’s University, Kingston, ON, Canada
a r t i c l e i n f o

Article history:
Received 9 September 2019
Accepted 13 October 2019
* Corresponding author. Foothills Medical Centre
Medicine, Room C231,1403-29 Street NW, Calgary, AB

E-mail address: tyson.savage@ucalgary.ca (T. Sava

https://doi.org/10.1016/j.amjsurg.2019.10.028
0002-9610/© 2019 Published by Elsevier Inc.
a b s t r a c t

Background: We investigated the effect of a simulation-based technical skills course on rates of high
anxiety reported by pre-clerkship medical students for basic and advanced technical skills.
Methods: Twenty-two second year medical students reported levels of anxiety by electronic survey for
21 technical skills before and after the course. A peer group of 75 students were invited to complete the
survey for comparison.
Results: We received 21 (95.5%) responses before and after the course, and 12 (57.1%) in a three-month
follow-up. Rates of high anxiety ranged from 19 to 86% across skills before the course and 0e48% af-
terward. There was no statistically significant difference in high anxiety reported in a three-month
follow-up survey. The rates of high anxiety reported were reduced across all skills for course partici-
pants compared to the responding peer group of 32 (42.7%), reaching a statistically significant difference
for 15/21 skills (P< 0.05).
Conclusions: Participation in this technical skills course was associated with decreased reports of high
anxiety by pre-clerkship medical students regarding the performance of basic and advanced technical
skills.

© 2019 Published by Elsevier Inc.
Introduction

Undergraduate medical curricula increasingly use simulation-
based technical skills courses to introduce medical students to
surgical specialties and to provide training for the technical skills
required in clinical clerkship and residency.1e3 Simulation-based
training allows pre-clinical learners to begin skill acquisition in a
safe and structured learning environment through deliberate
practice under the guidance of skilled instructors.

The Surgical Skills and Technology Elective Program (SSTEP) is
an initiative at the Queen’s University School of Medicine (King-
ston, Ontario) started in 2014. The goal of SSTEP is to provide pre-
clerkship medical students with practice in high-yield technical
skills, such as basic suturing and knot tying through simulation. The
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program also provides students with early exposure to more
advanced technical skills not traditionally taught in pre-clinical
undergraduate medical education but often encountered in clin-
ical clerkship rotations, such as incision and drainage, chest tube
insertion, and episiotomy repair. SSTEP has previously been shown
to improve technical skill performance and increase interest in
surgery as a career choice.4

This study examines a new cohort of students who completed
SSTEP, exploring the effects of simulation-based technical skills
courses on learner anxiety. Medical students transitioning from the
classroom into the clinical setting are known to report anxiety
about performing basic technical skills on patients.5,6 Previous
research has shown that simulation-based technical skills courses
have been successful in reducing anxiety or increasing confidence
in basic suturing, knot tying, and intravenous and nasogastric tube
placement.1,2 This study aims to expand upon these prior findings
with a broader selection of technical skills, including the more
advanced skills introduced to students in SSTEP. Our interest was in
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identifying rates of high or extreme levels of anxiety which have
the potential to impair skill acquisition.7

The goal of this study is to investigate the effects of a one-week
simulation-based technical skills program on self-reported levels of
anxiety. The primary outcome is the frequency of high or extreme
anxiety reported for each technical skill before and immediately
after the course. Secondary outcomes include frequency of high or
extreme anxiety reported in a three-month follow-up survey and
comparison of anxiety reported by the course participants to that of
a peer group of medical students who did not participate in the
course.

Methods

Twenty-two second year, pre-clerkship, medical students from
the Queen’s University School of Medicine voluntarily participated
in SSTEP, a five-day, 30-h, technical skills elective course. The
course taught technical skills by facilitating deliberate practice on
simulation trainers with instruction and immediate feedback from
senior residents and attending physicians. Each session began with
a short didactic lecture on the indications, contraindications,
complications, and technical approaches to a specific procedure
before students had the opportunity to practice on a simulation
trainer under direct supervision. Some of the simulation models
used included: synthetic suture pads (suturing and biopsy), porcine
ribs (chest tube insertion), bovine tongue (episiotomy repair), and
bovine scapulae (burr hole drilling).

The course capacity of twenty-two was determined based on
available resources (lab space, simulation trainers, supervisors) in
the simulation lab. We invited all medical students in their second
year of study at Queen’s University (N¼ 100), excluding those
involved in SSTEP administration or research (N¼ 3), to apply for
the course and selected twenty-two participants from a total
applicant pool of thirty-eight using an electronic lottery system.

An electronic survey was used to have participants report their
levels of anxiety in performing twenty-one technical skills of in-
terest. We used a 5-point Likert scale for each technical skill, with
the options: “No anxiety at all”, “A little anxiety”, “Moderate Anx-
iety”, “High Anxiety”, “Extremely high anxiety (unable to carry out
task)”. Respondents were prompted to consider their level of anx-
iety after being asked to perform each technical skill in a clinical
setting; for example: “Your preceptor asks you to close a surgical
incision with subcuticular suturing”.

Gender was recorded for demographic purposes as well as
asking participants to list their top three career interests at the time
of the initial survey before course participation.

A peer group of medical students from the same class who did
not participate in SSTEP were also invited to complete the survey
(N¼ 75). An invitation to complete the survey in July 2015 was sent
and then again in September 2015 to increase response rate. We
discarded any survey responses in September which came from an
individual who had already responded in July.

Outcomes

The primary outcome was the percentage of respondents who
reported “High Anxiety” or “Extremely High Anxiety (unable to
carry out task)” for each procedural task before and after the course.

Secondary outcomes included self-reported anxiety three
months after the course and comparison of participants’ post-
course responses to that of the peer group.

Statistical analysis

The Wilcoxon Signed-Rank Test was used for the paired data of
individual participants at the different time points, and the Mann-
Whitney U Test was used to compare the SSTEP participants to the
peer group, considering a p-value less than 0.05 statistically sig-
nificant for both. We used IBM SPSS statistics software for data
calculations and analysis.

Ethics

The Queen’s University Health Sciences Research Ethics Board
reviewed this study and granted ethics approval (SMED-171-15).
We obtained informed consent electronically, and this was required
before respondents could access the survey.

Results

Response rates

Twenty-one (95.5%) of the course participants completed sur-
veys before and after the course, and twelve (57.1%) responded in
the three-month follow-up survey. Thirty-two (42.7%) students
from the peer group provided responses. Four of the respondents in
the peer group had applied to SSTEP but did not receive a position
in the lottery. Three responses in the September peer group survey
were discarded as those individuals had already submitted re-
sponses in the July survey.

Participant demographics

Twelve (54.5%) of the course participants were female. When
participants were asked to list the specialities in which they were
considering a career, 59% listed a surgical speciality at least once
within their top three choices (Table 1).

Primary outcome

We observed a decrease in high or extreme anxiety reported
immediately after the course for every skill, all of which reached a
statistically significant difference (P< 0.05) with the exception of
Foley catheter insertions. Reported levels of high or extreme anx-
iety ranged from 19 to 86% before the course and 0e48% afterward
(Fig. 1).

Secondary outcomes

The frequency of high or extreme anxiety reported remained 0%
in three-month follow-up for the basic skills of simple interrupted
suturing, mattress suturing, and knot ties. The remainder of basic
skills (subcuticular suturing, selection of suture size, and Foley
catheter insertions) all had 1 of 12 (8.33%) participants reporting
high or extreme anxiety in the 3-month follow-up, which did not
reach statistical significance from the post course responses. For the
majority of the more advanced skills, the rates of high or extreme
anxiety reported was increased at the three-month follow-up
(P> 0.05).

SSTEP participants reported lower rates of high or extreme
anxiety compared to the peer group for all skills with 15/21 skills
showing a statistically significant difference (Fig. 2). For the com-
mon core skills expected of medical students during clinical
clerkship at Queen’s University, such as basic suturing and knot
tying, none of the SSTEP participants reported high or extreme
anxiety after the course compared to 6e21% of the peer group who
did (P< 0.05). For more advanced clerkship skills, including tissue
biopsies, incision and drainage, intrauterine device insertion, and
laparoscopic camera navigation, rates of high or extreme anxiety
ranged from 0 to 15% among SSTEP participants compared to



Table 1
Number of participants who reported each speciality within their “top 3” of career
interest.

Number of Participants who listed each Speciality
within their “Top 3” of career interest before taking
SSTEP (%)

Surgery or Surgical
Subspecialtya

13 (59.09)

Internal Medicine
or Medical
Subspecialty

11 (50.00)

Family Medicine 11(50.00)
Emergency

Medicine or
Anesthesia

8 (36.36)

Otherb 5 (22.73)

a Including General Surgery, Plastic Surgery, Urology, Obstetrics/Gynecology,
Orthopedic Surgery, Neurosurgery and Ophthalmology.

b Including Psychiatry, Radiology, Physical Medicine and Rehabilitation, Public
and Community Health, and Neurology.
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22e46% in the peer group. For skills considered beyond the
expectation of medical students, such as burr hole placement,
episiotomy repair, and chest tube insertion, high or extreme anxi-
ety was reported in 19e33% of SSTEP participants and 53e75% of
the peer group.
Fig. 1. Percentage of SSTEP participants reporting levels of high or extreme anxiety about p
*p-value <0.05 for Before SSTEP versus After SSTEP
**p-value <0.05 for After SSTEP versus Three Month Follow-up
yonly data for After SSTEP and Three-Month Follow-up was collected.
Discussion

In keeping with prior literature, we observed a reduction in
reported anxiety for performing basic skills.1,2 Reports of high or
extreme anxiety for performing one-hand knot ties and instrument
knot ties decreased from 33.00% to 19.05%, respectively, before the
course to 0% after the course (p< 0.05). We also observed a
reduction in self-reported high or extreme anxiety for more
advanced skills, such as chest tube insertion (66.67% before and
23.81% after, P< 0.05) and episiotomy repair (71.43% before and
19.05% after, P< 0.05) suggesting that dedicated simulation-based
technical skills training can reduce anxiety in pre-clinical medical
students even in relatively advanced procedures that they may not
be expected to perform until residency.

We did not find any literature to compare to regarding the
duration for which the anxiety reduction would be retained after
the course. At the three month follow-up, some of the advance
skills had increases in reported rates of high or extreme anxiety
compared to immediately after the course, including incision and
drainage of a skin abscess (4.76%e16.67%), burr hole placement
(33.33%e50%), and chest tube insertion (23.81%e58.33%); however,
none of these reached a statistically significant difference
(P> 0.05). We interpret this to suggest that the effect of anxiety
reduction is maintained to some extent at the three-month interval
but is likely fading. For these reasons, medical students may still
gain some anxiety reduction benefit from these skills courses if
erforming various technical skills before, after, and three months following the course.



Fig. 2. Percentage of SSTEP participants and peer group reporting levels of high or extreme anxiety about performing various technical skills.
*p-value <0.05.
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they take place within three months before they are on a clerkship
rotation where they are exposed to the skill in a clinical setting.

Our interest in identifying high levels of anxiety is based on the
proposition that higher levels of anxiety are detrimental to skill
acquisition in junior learners. Pellegrini summaries works of
Ericsson, Reznick, and others which suggests that, while low-
tension environments can enhance learning, higher-tension envi-
ronments, such as the operating room, may impair motor skill
acquisition due to anxiety.7 We suspect that reducing high anxiety
levels through a technical skills course like SSTEP will contribute to
improved skill acquisition during clinical clerkship where learners
are performing tasks in higher-tension environments like the
operating room and emergency department.

SSTEP occurs at the end of pre-clerkship at Queen’s University in
order to help prepare students for transition to clerkship, where
there will be more regular opportunities to perform technical skills
in a clinical setting. It is important to recognize that due to the one-
time nature of some technical skills training courses, including
SSTEP, there is no mechanism to ensure participants go on to have
sustained deliberate practice, which is a key component of skill
learning and development.8 Ideally a mechanism to offer students
on-going opportunities for simulated technical skills practise could
be put in place in undergraduate curricula; however, if available
resources limit sustained simulation-based practise, there may still
be benefit from a one-time course if the reduction in anxiety en-
courages students to participate more often in clinical opportu-
nities to perform technical skills, improving their proficiency. This
is supported by Fincher and Lewis who showed a significant
association between the number of procedures performed and self-
assessed competence in clinical medical students in the year
following a basic skills training session.9

Future directions

The next phase of this investigation is to examine clerkship
technical procedure logs for SSTEP participants compared to their
peers to determine whether course participation was associated
with greater participation in technical skills throughout clerkship
and improved skill performance at the end of medical school.

Limitations

We have collected self-reported levels of anxiety the participant
believes they would feel if asked to perform the technical skill in a
clinical environment. We make the assumption that this will serve
as a surrogate marker of the anxiety the participant would feel in a
true clinical setting; however, the survey is not validated to this
regard and the accuracy of self-reported anxiety in this survey to
true anxiety in a clinical setting is unknown.

In the first version of our survey, which was administered to the
SSTEP cohort prior to taking the course, we did not divide suturing
into the subcategories of simple interrupted, mattress, and sub-
cuticular. The survey was modified for the post-course and three-
month follow-up period to include these subcategories to in-
crease the breadth of information obtained regarding suturing.
Consequently, this study cannot quantify the degree of anxiety
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reduction for suturing sub-categories for the time interval of the
primary outcome.

We suspect that a degree of participation bias is present based
on the high proportion (59%) of participants who reported interest
in a surgical speciality before taking the course (Table 1). Although
we did not obtain data on surgical interest in the peer group, we
suspect it would be significantly lower than 59% as only 17.6% of
Canadianmedical students went into a surgical speciality according
to 2017 Canadian residency match data.10 The degree of anxiety
reductionmay be less in a cohort of students less inclined towards a
surgical or technical-skill heavy career.

Conclusion

This simulation-based technical skills course for pre-clinical
medical students was associated with reduced reports of high
and extreme anxiety for both basic and relatively advanced tech-
nical skills. At least some anxiety reduction is suspected to have
persisted at a three-month follow-up interval and reported levels of
high or extreme anxiety were lower among course participants
compared to a cohort of their peers. Our study is limited by an
unknown ability of the survey-reported anxiety level to reflect
what participants would truly feel in a clinical setting, as well as
potential participation bias with more participants interested in
surgical specialities thanwould be expected in an average cohort of
medical students. We suspect that simulation-based technical skills
courses for pre-clerkship students likely reduce levels of high or
extreme anxiety, and therefore may potentially help mitigate the
negative effects of high anxiety on skill acquisition. Future study of
whether pre-clerkship technical skills courses affect participation
in clinical opportunities to perform technical skills during clerkship
and skill proficiency at the end of medical school would be
beneficial.
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