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Abstract

Background: Although the pre-clinical years are pivotal in career path commitment for medical students, this phase of

education is traditionally devoid of surgical exposure. Although peer-assisted learning and simulation are both validated

methods of supplementing early exposure to medical specialties, their use in familiarizing students with modern surgical

procedures remains minimal. We hypothesize that student-led laparoscopic simulation will result in significantly

increased self-perception of surgical clerkship preparedness and confidence in pursuing surgical residency among

pre-clinical medical students. Methods: Laparoscopic simulation workshops were organized by student educators

who underwent faculty-led leadership training in simulation education. Pre-clinical medical students were invited to

participate in weekly 1-hour laparoscopic simulation events that progressed through a series of coordination exercises

using box trainers over the course of 8 weeks. Participants completed pre- and post-simulation surveys concerning

perceptions toward surgical clerkship and residency. The results of these questionnaires were analyzed using the

Wilcoxon Mann-Whitney test. Results: Among the 28 participants, 9 (32%) were first-year pre-clinical medical student

and 19 (68%) were second-year medical students. Participants attended an average of 2.8 of the 8 sessions. On a 100-

point scale, mean student perceptions of surgical clerkship preparedness and confidence pursuing surgical residency

scored 44.8 and 50.3, respectively. Upon completion of the post-test, these mean preparedness and confidence scores

were significantly increased to 58.6 and 66.6, respectively (P 5 0.001). Conclusion: Peer-assisted laparoscopic simula-

tion learning may be an effective means of enhancing pre-clinical student perceptions toward surgical fields in medical

school curricula, however, longitudinal studies are needed to assess the impact on surgical clerkship proficiency and

residency matriculation/completion.
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Introduction

Medical students experience a dearth of exposure to the

surgical fields compared with other medical specialties in

their pre-clinical years.1,2 Despite statements from the

American Surgical Association suggesting more surgical

exposure earlier in medical education, pre-clerkship surgical

education remains minimal in the United States compared

with other specialties.3 In a 2013 study surveying 128 US

medical schools, only 22% of the respondents reported any

implementation of elective pre-clinical surgical skills

workshops and only 36% reported offering any surgical

exposure into the first-year curriculum.4

As health care becomes increasingly specialized and residency

training programs follow suit by offering tracks in early spe-

cialization, students have been encouraged to commit to their

career trajectory earlier in their education to be competitive

applicants when applying for residency.5,6 This hyper-specia-

lization of the field and lack of surgical exposure in the pre-

clinical years has likely discouraged pre-clinical students by

fostering a sense of unpreparedness and lack of confidence.5 It
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has been reported that as many as 59% of medical students

choose their specialization during their pre-clinical years,7 and

that simulation exercises during the pre-clinical years are

highly influential, particularly in surgery.6–10 Student interest

groups are often organized to supplement early exposures to

medical specialties utilizing peer-assisted learning (PAL).11,13

PAL is a well-established teaching concept, used by many

institutions, that uses teaching sessions organized by students

for students.13 The benefits of peer-assisted over instructor-

led learning include providing a low-pressure learning envir-

onment while relieving the time burden on faculty.12,13

Studies have demonstrated the use of PAL simulations in

enhancing student education and exposure in pediatrics,14

emergency medicine,15,16 neurology,17 obstetrics,18 and clin-

ical anatomy.19 PAL in surgical education has been shown to

be instrumental in the transferring suturing skills from stu-

dent to student,20 however the impact of laparoscopic simu-

lation in medical school education has been minimal.

The purpose of this study was to assess the efficacy of PAL

on student perceptions toward a surgical career through

student-led laparoscopic simulation sessions. We hypothe-

size that offering student-led laparoscopic simulation ses-

sions to pre-clinical medical students will result in

significantly improved self-perception of preparedness for

the surgical clerkship as well as increased confidence in

pursuing a surgical residency.

Methods

Peer-assisted learning
Laparoscopic simulation workshops were organized by qua-

lified student coordinators who underwent faculty-led

simulation training. Student educators assembled a debrief-

ing and itinerary before each event. The debriefing con-

sisted of an outline of each event’s laparoscopic

coordination task and a 5-minute demonstration video.

The workshop introduction lasted 15 minutes, giving the

event a 3:1 practical-to-didactic ratio in time utilization.

The demonstration video was sent to each registered parti-

cipant 3 days before the event. During each event, two

students were assigned to one trainer box and alternated

at 10-minute intervals to attempt the predefined task.

Participants progressed serially through an adapted

Fundamentals of Laparoscopic Surgery (FLS) curriculum21

(Fig. 1). The specific task rubrics are listed in the Appendix.

These sessions ran once a week for 1 hour over the course

of 8 weeks.

Data collection
Institutional Review Board (IRB) approval was obtained

from Meharry Medical College, Nashville, for this study

(IRB# FWA00003675). All pre-clinical medical students

attending Meharry Medical College were invited to partici-

pate in this study on a first come first served basis. Before

participation, informed consent was granted by all student

participants. A REDCap (Research Electronic Data Capture)

survey was developed to quantify the pre- and post-simula-

tion series intervention confidence and preparedness on a

100-point scale (0 not confident at all, 100 fully confident; 0

completely unprepared, 100 fully prepared). The survey was

distributed electronically, and participants were asked to

complete an anonymous survey at the beginning and end

of the 8-week course that asked them to quantify their sense

of preparedness for the surgical clerkship and their

Figure 1. Adapted laparoscopic fundamentals exercises. A series of five tasks adapted from the FLS certification examination: (A) ball
transfer, (B) precision cutting*, (C) zip-tie ligation, (D) needle threading, and (E) suture and knot tying. �Omitted if cutting instrument
unavailable.
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confidence level in pursuing surgical residency on a 100-

point scale. Data were analyzed using SPSS software (ver-

sion 25, IBM). Descriptive and nonparametric testing was

performed due to the relatively small sample size and a

Wilcoxon Mann-Whitney test to assess changes in student

perceptions.

Results

Twenty-eight pre-clinical medical students attended at least

one student-led surgical simulation exercise. The participant

demographics are summarized in Table 1. Sixteen (57%)

were male and 12 (43%) were female. The median age of

the participants was 24.5 years. Nine (32%) were first-year

medical students and 19 (68%) were second-year students.

Among the student participants, 27 (96%) had heard of

laparoscopic surgery, 2 (7%) participants had observed a

laparoscopic operation, and 1 (4%) had previously used a

laparoscopic training device before study enrollment. Before

the simulation workshops, 6 (21%) participants reported

being particularly interested in pursuing a surgical career

and 12 (43%) were unsure.

Within the 8-week period, students attended an average of

2.8 sessions (range, 1–7). After the simulation workshops,

14 (50%) participants reported being particularly interested

in pursuing a surgical career and 11 (39%) were unsure

(Table 2). Among all participants, there was a significant

increase in both self-reported preparedness for the surgical

clerkship (mean, 44.8 vs 58.6; P 5 0.001) and confidence in

pursuing a surgical residency (mean, 50.3 vs 66.6; P 5
0.001) (Figs 2 and 3) after completion of the PAL laparo-

scopic simulation curriculum.

In addition, 27 (96.4%) of the participants reported that the

student-led simulation sessions had a positive impact on

their perception of surgery, and 26 (92.9%) responded that

the workshops enhanced their interest in the field. Twenty-

four (85.7%) participants felt that student-led simulation

sessions had the potential to supplement the pre-clinical

medical school curriculum to compensate for an otherwise

lack of exposure to surgical disciplines (Table 2).

Discussion

In this study, we demonstrated an increase in self-perceived

preparedness for the surgical clerkship and improved con-

fidence in pursuing a surgical residency among pre-clinical

medical students after completion of a peer-assisted laparo-

scopic simulation curriculum. These results are consistent

with the previously published reports that PAL and

simulation are beneficial in medical school education,8 par-

ticularly in the pre-clinical setting.

Although previous studies have demonstrated that work-

shops focusing on laparoscopic skills enhance student pro-

ficiency in the operating room,22,23 this is the first study to

examine how such PAL in this context may impinge on

student confidence and interest. In our study, over 90% of

participants reported that peer-assisted laparoscopic simula-

tion had a positive impact on their perception of surgery

and that their interest in the field was enhanced by the

experience. Furthermore, 86% of participants felt that PAL

may be a beneficial supplement to the pre-clinical medical

school curriculum and the number of students interested in

surgery increased by more than two-fold after the PAL

laparoscopic simulation series.

Previous studies have shown a similar increase in pre-clin-

ical student interest after faculty-led surgery skills boot

camps; however, these studies routinely acknowledge the

burden of faculty time as well as the use of expensive equip-

ment.24 Due to the high cost of more advanced modules,

student surgery interest groups have traditionally been lim-

ited to suturing and knot tying workshops.25–28 We believe

that our study is impactful, producing a comparable

increase in surgical perceptions by utilizing low-cost mate-

rials and minimal faculty involvement. This can be critical

considering cost and faculty time can both be primary

obstacles in the implementation of surgical simulation

curricula.29

We acknowledge this study carries several limitations. First,

inherent volunteer sampling biases exist in the nature of this

Table 1. Participant demographics and pre-simulation interests
and experiences

Variable Number (%)

Total 28 (100)

Student year

First year 9 (32)

Second year 19 (68)

Gender

Male 16 (57)

Female 12 (43)

Race

Black 19 (68)

White 6 (21)

Other 3 (11)

Age (years), median (IQR) 24.5 (25.9; 23.2)
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single-institution study, which limits our ability to general-

ize our conclusions. The volunteer basis for study accrual

inherently selects those students most interested and/or

open to pursuing a career in surgery, which may also

limit the generalizability of our findings. Notably, however,

the initial preparedness and confidence polls suggest even

this cohort of volunteer students was self-perceived as

relatively unprepared for surgical clerkship and only

slightly confident toward pursing a surgical residence.

Furthermore, the pre- and post- surveys were administered

to the same cohort before and after the PAL laparoscopic

simulation workshop, ensuring the pre- and post-simulation

groups were balanced in demographics and previous experi-

ences. Second, this study is observational in the sense that it

Table 2. Participant perceptions, interests, and experiences

Variable Pre-simulation, n (%) Post-simulation, n (%)

Yes Unsure No Yes Unsure No

Have you heard of laparoscopic surgery before the invitation for this event? 27 (96) 0 (0) 1 (4) N/A N/A N/A

Have you previously observed a laparoscopic surgery? 2 (7) 0 (0) 26 (93) N/A N/A N/A

Have you previously used a laparoscopic training device? 1 (4) 0 (0) 27 (96) N/A N/A N/A

Are you interested in pursuing a surgical career? 6 (21) 12 (43) 10 (36) 14 (50) 11 (39) 3 (11)

Did student-led laparoscopic simulations have a positive impact on
your perception of surgery?

NA NA NA 27 (96) 1 (4) 0 (0)

Did student-led simulations enhance your interest in the field of surgery? NA NA NA 26 (93) 2 (7) 0 (0)

Does early exposure to laparoscopy improve your understanding of surgery? NA NA NA 26 (93) 2 (7) 0 (0)

Do you feel student-led simulations may supplement the lack of surgical
exposure on pre-clinical curricula?

NA NA NA 24 (86) 4 (14) 0 (0)

NA, not applicable.

Figure 2. Self-perception of surgery clerkship preparedness. Figure 3. Self-perception of confidence toward surgical
residency.
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lacks a control group, thus limiting our ability to definitively

attribute changes in student perception to our PAL sessions

aside from changes attributed to other factors (such as the

standard medical school curriculum). However, no other

surgery-related curricular events, electives, or skills work-

shops were made available to pre-clinical students at the

institution during the study period. Although low-cost adap-

tations of the FLS program have been validated in other

studies, skills assessment was not the focus of this study,

and the series of coordination tasks were adapted with avail-

able resources to provide a range of engaging exercises and

a learning environment. We therefore cannot validate the

efficacy in skill training of the trainers and tasks. However,

we highlight student PAL in laparoscopy skills as an area for

future studies, because previous research has suggested early

exposure to laparoscopic coordination exercises is associated

with advanced camera skills and expedited skills progression

in residency.29,30 Other areas of future study could also

include comparative studies on student perceptions after

simulation and didactic surgical exposure, longitudinal stu-

dies to examine the impact of surgical simulation and its

impact on surgical residency matriculation, as well as skills

progression studies and how skills progression may correlate

with self-perceived confidence and preparedness and the

cost and time efficiencies of such interventions.

Despite these limitations, our study utilizes PAL simulations

designed to extend the conventional hospital teaching hier-

archy to include pre-clinical students by utilizing senior-

student liaisons and low-cost simulation exercises. It is rea-

sonable to wonder whether unfamiliarity with surgical prac-

tice and equipment may deter some students from fully

engaging on their surgical clerkships who might otherwise

succeed in the field. Such unease is likely to foster uncer-

tainty in clerkship preparedness for pre-clinical medical stu-

dents and contribute to low confidence levels in their ability

to succeed in surgical residency. In addition to the unfami-

liarity of surgery, lifestyle factors (including hospital hours,

call schedule, and residency length) are also commonly cited

deterrents for pre-clinical students (particularly among

female students contemplating work-life balance).31–33 At

the 2016 Association of Surgeons in Training annual con-

ference, 91% of medical student respondents agreed that a

better balance of training and service within worked hours

would improve their perceptions of surgery.34

Lastly, increasing a student’s sense of preparedness and con-

fidence could indirectly support medical student matricula-

tion into surgical disciplines. Students with fostered interest,

heightened confidence, and perceived preparedness may be

more likely to engage in other surgery-related educational

opportunities, such as joining student interest groups,

participating in journal clubs, attending conferences, or

seeking out mentorship in the field. Although gender and

racial diversity in medical school matriculation has greatly

improved over the past decades,35 such a trend has been

slow to translate to surgery.36,37 Engaging students in their

pre-clinical years with interactive simulation workshops

could broaden the pipeline toward surgical fields among

historically under-represented groups, although such a

hypothesis would need to be examined prospectively.

In summary, our study showed that participating in a peer-

assisted laparoscopic simulation curriculum was associated

with significantly enhanced pre-clinical student self-percep-

tion of preparedness for the surgical clerkship and confi-

dence in pursuing a surgical residency. We believe this

method to be cost effective and efficacious, and we invite

other institutions to validate our findings by implementing

programs that enhance exposure to surgical disciplines for

pre-clinical medical students.
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Appendix: laparoscopic task outline

Task one: ball transfer
Equipment: Two Maryland forceps, six cups, 15 balls

Arrange three tall plastic cups (a) on points #1–3 provided

on the Ball Transfer Backdrop and three short cups (b) with

five balls in each within the center circle. Balls transferred to

cup #1 must be transferred with the left instrument while

those transferred to #3 must be transferred with the right

instrument. #2 cup may receive balls carried by either

instrument. The short cups (b) should remain within the

black circle and the tall cups (a) must remain on top of the

specified zone.

Task two: precision cutting
Equipment: One Maryland forceps, one endoscopic scissors,

one 4 � 4 Precision Cutting Backdrop printout

After cutting along the dotted lines, secure the posterior

Precision Cutting Backdrop printout against the cardboard

backdrop. The participant will attempt to cut out the circle

along the black line without deviating from printed black

line. The timer will start when the tools enter the operating

field and stop when the circle has been completely sectioned

from the original cut out.

Task three: zip tie ligation loop
Equipment: Two Maryland forceps

In this task, the participant will arrange and secure a liga-

tion loop around an inflated latex glove appendage using a

zip tie. The zip tie may be pre-loaded in the tool before

insertion. The time will start once a tool enters the operat-

ing field.

Task four: precision beading
Equipment: Two Maryland forceps, one 10-cm suture

(knotted on one end), five beads, one cup

The participant will be given a 10-cm needled suture,

knotted on the opposite end of the needle so that the

beads may not pass through. The needle may be pre-

loaded before inserting the forceps and starting the timer.

The five beads will be centered in the operating field within

a cup. The participant may orient the tool in their preferred

ports.

Task five: suture knotting
Equipment: Two Maryland forceps, optional needle driver,

one 10-cm suture, suture pad or Penrose drain

For this task the participant will place a short suture

through the two marks and tie three throws of a knot

intracorporeally, in order to close the slit provided. The

first throw should be a surgeon’s knot, followed by two

single throws. The needle should exchange hands, or the

needle end of the suture, between each throw to ensure

each throw is with the opposite hand.
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