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Abstract

Introduction: Laparoscopic surgery requires significant training, and prior studies have shown that surgical residents lack key
laparoscopic skills. Many educators have implemented simulation curricula to improve laparoscopic training. Given limited time for
dedicated, in-person simulation center practice, at-home training has emerged as a possible mechanism by which to expand training and
promote practice. There remains a gap in published at-home laparoscopic curricula employing embedded feedback mechanisms.
Methods: We developed a nine-task at-home laparoscopic curriculum and an end-of-curriculum assessment following Kern’s six-step
approach. We implemented the curriculum over 4 months with first- to third-year residents. Results: Of 47 invited residents from general
surgery, obstetrics/gynecology, and urology, 37 (79%) participated in the at-home curriculum, and 25 (53%) participated in the
end-of-curriculum assessment. Residents who participated in the at-home curriculum completed a median of six of nine tasks (interquartile
range: 3-8). Twenty-two residents (47%) responded to a postcurriculum survey. Of these, 19 (86%) reported that their laparoscopic skills
improved through completion of the curriculum, and the same 19 (86%) felt that the curriculum should be continued for future residents.
Residents who completed more at-home curriculum tasks scored higher on the end-of-curriculum assessment (p = .009 with adjusted
R2 of .28) and performed assessment tasks in less time (p = .004 with adjusted R2 of .28). Discussion: This learner-centered laparoscopic
curriculum provides guiding examples, spaced practice, feedback, and graduated skill development to enable junior residents to improve
their laparoscopic skills in a low-stakes, at-home environment.
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Educational Objectives

By the end of this activity, learners will be able to:

1. Coordinate commonly used laparoscopic instruments with
dominant and nondominant hands to transfer objects and
tissue.

2. Provide retraction and tension with the nondominant hand
to cut laparoscopically.

3. Perform laparoscopic suturing with intracorporeal and
extracorporeal knot tying to place secure stitches.
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Introduction

Compared with traditional open surgery, laparoscopic surgery is
associated with reduced pain and shortened length of hospital
stay.1-3 Unfortunately, acquiring the skills to perform laparoscopic
surgery is challenging, and prior work has demonstrated that
a significant proportion of senior surgical trainees struggle to
perform laparoscopic procedures.4-6 To address this problem,
many educators have turned to laparoscopic simulation, which
can improve trainee performance on simulated tasks and in
the operating room.7-10 In fact, prior work has suggested that
laparoscopic simulation may enable trainees to outperform
attending surgeons.11

Simulation curricula, when based on the theory of deliberate
practice, require trainees to practice and receive feedback for
optimal efficacy.12 However, trainees and trainers have limited
dedicated time for in-person simulation center practice and
feedback.13 To increase practice, trainees can spend time at
home, away from the simulation center.14 Remote and virtual
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learning became widespread during the coronavirus pandemic,
with ongoing applications for ease and learner preference.15-19

Off-site training with remote, asynchronous feedback is a means
by which trainees can practice skills at an individualized pace
from a convenient location.20,21

Previous work has described the general feasibility and benefits
of at-home laparoscopic practice. Several prior curricula have
shown at-home practice to be easily used and efficacious for
skill acquisition.17,18,22,23 These curricula have employed quite
varied commercial and noncommercial trainers with diverse
training paradigms.7,13 Unfortunately, there are barriers to
successful at-home laparoscopic simulation. A qualitative study
previously reported that suboptimal feedback, particularly with
regard to a lack of individualized feedback, prevented trainees
from progressing through at-home practice.14 That study also
noted poor faculty engagement with the training curriculum.
No publication currently exists in MedEdPORTAL that equips
educators with the tools to implement at-home laparoscopic
training. Thus, there remains a gap in published at-home
laparoscopic training curricula with robust feedback mechanisms
that provide sufficient information to guide trainee improvement.

To address this gap, we created an at-home learner-centered
laparoscopic curriculum with an embedded feedback process
and an end-of-curriculum assessment for junior residents
in general surgery, obstetrics/gynecology, and urology. The
curriculum aimed to facilitate laparoscopic skill development in
a low-stakes at-home environment.

Methods

Development
We developed a nine-task at-home laparoscopic curriculum
and an end-of-curriculum assessment following Kern’s six-
step approach.24 We began with problem identification and a
needs assessment to determine deficiencies in laparoscopic
training. We conducted the needs assessment through in-depth
interviews with 14 laparoscopic surgeons in general surgery,
obstetrics/gynecology, and urology.25 Results from the needs
assessment informed the goals, objectives, and educational
strategies for the curriculum. We derived at-home curricular
tasks from previously published in-person curricula, including the
Fundamentals of Laparoscopic Surgery (FLS)26 and Lapp.27 The
nine tasks were peg transfer, running the bowel, pattern cutting,
needle loading (part 1), needle loading (part 2), interrupted
extracorporeal suturing, interrupted intracorporeal suturing (part
1), running suturing, and interrupted intracorporeal suturing (part
2; Appendix A). We designed the curricular flow so that tasks built

on previously completed ones; for example, the needle loading
tasks preceded basic suturing tasks, which preceded complex
suturing tasks.

We created assessment tools for the at-home curriculum and
end-of-curriculum assessment by following a standard process
for applied measurement tool development, which involved
defining the relevant constructs around laparoscopic ability,
designing items related to the construct, and determining
possible outcomes for each item.28 We aimed to create formative
items and outcomes. More specifically, we designed items
and outcomes so that residents could read the items and
outcomes and then know how to improve their performance. We
incorporated time suggestions for at-home practice from gold-
standard recommendations for previously published tasks.29

We refined items and their possible outcomes on the scoring
rubrics by determining content and response process validity
through discussion with expert laparoscopic surgeons, educators,
and residents. The resulting task descriptions and rubrics are
available in Appendix B.

Equipment/Environment
We assembled equipment for the at-home curriculum and
the end-of-curriculum assessment (Appendix C). Except for
laparoscopic knot pushers, ribbon, and bovine intestine, we
obtained materials through donation.

We distributed at-home curriculum equipment to each resident.
Resident participants then conducted the tasks for the at-home
curriculum asynchronously in locations of their choosing. We
conducted the end-of-curriculum assessment in a central surgical
skills center with laparoscopic trainers.

Personnel
Key personnel who implemented this curriculum included a staff
member at the skills center with experience preparing surgical
simulation sessions and faculty members with laparoscopic
experience.

The staff member at the skills center helped assemble and
distribute the materials for the at-home laparoscopic curriculum
described above. The staff member also helped residents follow
the task completion timeline. The faculty members provided
feedback for at-home tasks and facilitated the end-of-curriculum
assessment, further described below.

Implementation
We implemented the curriculum among first- to third-year
residents in three residency programs at our institution: general
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surgery, obstetrics/gynecology, and urology. We began by
introducing the curriculum to residents at the end of an in-person
simulation session in which we discussed laparoscopic surgery,
basic laparoscopic instruments, and key differences between
laparoscopic and open techniques. We provided residents with
time during this introductory session to practice with laparoscopic
instruments on the FLS tasks. Residents could proceed in the
curriculum even if they missed this session. We subsequently
emailed residents details including the task examples (Appendix
A), task descriptions (Appendix B), and expected timeline for task
completion. We asked residents to complete one video of a task
every 2 weeks (the timeline could be adjusted as needed). We
did not require that the videos meet any quality standards; we
conveyed that residents could submit their first video or practice
as much as they liked before choosing a video to submit. This
flexibility permitted residents to focus on practicing skills when
their schedules and duty hours permitted. We requested that
residents submit videos online, though compressed videos could
also be emailed to assessors. We emailed residents prior to
each completion deadline. We also sent reminder emails when
residents did not submit videos on time.

Following video submission, faculty members and residents
reviewed the videos and gave asynchronous feedback to
residents about task performance using the rubrics and additional
free-form written comments. We had previously provided faculty
members with the feedback rubrics and reviewed examples of
different outcomes with them. We asked participating residents to
review their feedback for each task before continuing to the next
task.

Assessment
After residents had completed the nine tasks in the at-home
curriculum, we invited them to an in-person, end-of-curriculum
assessment to transfer their laparoscopic skills from the at-
home curriculum to a tissue model, obtain additional feedback,
appreciate their skill progression, and demonstrate confidence
as they prepared for laparoscopic surgery in the operating room
(Appendix D).

We created rubrics with items and outcome spaces analogous
to the at-home laparoscopic tasks, for which we had previously
developed content and response process validity. We
provided residents with the details and rubrics for the end-of-
curriculum assessment (Appendix E) as well as example videos
(Appendix F).

During the session, assessors filled out the assessment rubrics
but also focused on providing ongoing feedback to residents

to optimize laparoscopic ability. Following the assessment
session, we conducted two linear regressions: one to assess
the relationship between the number of at-home curriculum
tasks completed by a resident and the resident’s performance
on the end-of-curriculum assessment and a second to assess the
relationship between the number of at-home curriculum tasks
completed by a resident and the resident’s time to complete
assessment tasks. We used chi-square tests to determine
differences in curricular participation based on specialty and
training level. We performed analyses in Stata/IC version 16.1
for Mac (StataCorp).

Debriefing
We debriefed in person after residents had completed the tasks
from the end-of-curriculum assessment. We gathered both
residents and faculty assessors to discuss how at-home practice
translated to operating on tissue, barriers to performance and
tips on overcoming them, key strategies for challenging skills
such as loop formation and tail management, and the importance
of ongoing skill development as well as methods to continue
asynchronous at-home practice (Appendix D). We also distributed
a postcurriculum survey to all residents to allow for curricular
feedback.

All pictures and videos in the aforementioned appendices
(Appendices A-F) are author created and owned and have not
been publicly distributed previously. Our institutional review
board exempted this curricular evaluation (UCSF IRB 21-33846,
2021).

Results

We invited 47 junior residents from general surgery,
obstetrics/gynecology, and urology to participate, of whom 37
(79%) participated in the at-home curriculum and 25 (53%) in the
end-of-curriculum assessment. We conducted process, impact,
and effectiveness evaluations.

Residents who participated in the at-home curriculum completed
a median of six of nine tasks (interquartile range [IQR]: 3-8)
and spent a median of 60 minutes (IQR: 45-68) practicing,
recording, and uploading each task. Curricular participation did
not significantly differ based on specialty (p = .14) or training
level (p = .76).

Twenty-two residents (47%) responded to the postcurriculum
survey. These residents’ laparoscopic experience ranged
substantially, though most stated that they had operated
laparoscopically in one to four prior cases (n = 9). Among
survey respondents, 19 (86%) reported that their laparoscopic
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skills improved through completion of the curriculum, and the
same 19 (86%) felt that the curriculum should be continued
for future residents. Of the three residents who reported that
their skills did not improve, two noted in free response that
they preferred in-person skills sessions. Sixteen of 21 residents
(76%) found the grading rubrics moderately or very helpful in
completing the tasks, and 18 of 19 residents (95%) agreed that
they knew how to improve their performance after their tasks
were graded. Several residents noted equipment challenges in
free-text responses.

We evaluated the effectiveness of the at-home curriculum by
performing an end-of-curriculum assessment and analyzing
the association between at-home curriculum task completion
and assessment performance. We found that residents who
completed more at-home curriculum tasks scored higher on the
end-of-curriculum assessment (p = .009 with adjusted R2 of .28;
Figure 1). We also found that residents who completed more
at-home curriculum tasks performed tasks in less time on the
end-of-curriculum assessment (p = .004 with adjusted R2 of .28;
Figure 2).

Discussion

Here, we have described a novel at-home laparoscopic
curriculum and end-of-curriculum assessment for junior residents
in surgery, obstetrics/gynecology, and urology. The tasks in the
curriculum allow residents to learn laparoscopic instrument
coordination, retraction, tension, suturing, and knot tying.
Residents who completed more tasks in the at-home curriculum
scored better during the end-of-curriculum assessment, which

Figure 1. Residents who completed more tasks from the home curriculum had
higher scores on the end-of-curriculum assessment (p = .009 with adjusted
R2 = .28).

Figure 2. Residents who completed more tasks from the home curriculum
completed all tasks more quickly on the end-of-curriculum assessment (p =
.004 with adjusted R2 = .28).

measured the Educational Objectives. The curriculum is easy to
implement and has been well received.

Given the learning curve associated with performing laparoscopic
surgery, multiple prior studies have evaluated a number of
methods to optimize resident learning.4 Indeed, asynchronous
simulation with resident practice and video recordings in
simulation centers have shown promise in increasing access to
surgical simulation.30 Similarly, remote simulation has gained
traction, particularly with the coronavirus pandemic.19 Our
curriculum builds on prior reports by incorporating several
previously published tasks, time guidelines, and implementation
strategies.13,14,29 In addition, it expands on prior work by
using the theory of deliberate practice to outline a step-by-
step at-home laparoscopic curriculum with guiding examples,
spaced practice, engaged faculty feedback, and graduated
skill development. The materials used to implement the
curriculum are readily available and can be harnessed by training
programs to expand surgical simulation in an asynchronous
format.

There are multiple limitations to this curriculum. We implemented
it at a single large academic medical center for general surgery,
obstetrics/gynecology, and urology junior residents. The
curriculum is most likely to be successful at similar academic
residency training programs with laparoscopic surgeons to
help drive implementation and feedback. Specific programs
also need to determine whether schedules and duty hours
permit at-home practice. In addition, not all invited residents
participated in the curriculum, the end-of-curriculum assessment,
or the survey. Residents who did not participate in one or more
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aspects frequently cited limited time as a barrier to greater
involvement, which has previously been suggested to be a
limitation to trainees’ at-home simulation.14 Nonetheless, this may
have biased results if residents with greater interest or ability in
laparoscopy constituted more of the participating population. The
number of participants limited our ability to assess performance
based on covariates other than at-home curricular participation.
Finally, the curriculum employed newly created rubrics for task
assessment. While we followed a rigorous process in creating
these instruments and assessed several strands of validity,
additional validity evidence would better support the rubrics’
widespread use in assessment. Notably, we developed the
rubrics with a major goal of providing formative feedback through
their completion.

Residents provided concrete suggestions for curricular
improvement. Specifically, some noted challenges in setting
up box trainers. We have updated the latest iteration of our
curriculum to address these concerns by incorporating a step-
by-step guide for box trainer setup. Others implementing the
curriculum may need to guide residents depending on the
specific equipment used.

Overall, we have outlined an at-home learner-centered
laparoscopic curriculum and an end-of-curriculum assessment
for junior residents in general surgery, obstetrics/gynecology, and
urology. The curriculum facilitates laparoscopic skill development
in a low-stakes at-home environment.

Appendices

A. At-Home Task Examples.mp4

B. At-Home Task Descriptions and Rubrics.docx

C. Equipment.docx

D. End-of-Curriculum Assessment Overview.docx

E. Assessment Task Descriptions and Rubrics.docx

F. Assessment Station Examples.mp4

All appendices are peer reviewed as integral parts of the Original
Publication.
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