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Abstract
Background Simulation training is a validated method for acquiring laparoscopic skills. Training sessions may be sporadic
or lack continuity in oversight by instructors since traditional programs mandate in-person teaching and evaluation. This
study presents the development, implementation, and results of a novel smartphone application that enables remote teacher–
student interaction. This interface is used to complete a validated program that provides learner-specific feedback. Outcomes
of training via Lapp were compared to outcomes of traditional in-person training.
Methods A web-based and mobile iOS and Android application (Lapp) was developed to enable a remote student–teacher
interaction. Instructors use Lapp to assess video recorded training sessions of students at distant locations and guide them
through the laparoscopic skill course with specific and personalized feedback. Surgical trainees at two remote training centers were taught using Lapp. A control group was assessed during traditional simulation training at the training facility, with
in-person feedback. Pre- and post-training performances were video recorded for each trainee and blindly evaluated by two
experts using a global rating scale (GRS) and a specific rating scale (SRS).
Results A total of 30 trainees were trained via Lapp and compared with 25 locally taught. Performance in the Lapp group
improved significantly after the course in both GRS and SRS scores, from 15 [6–17] to 23 [20–25], and from 12 [11–15] to
18 [15–20], respectively. The results between both groups were comparable.
Conclusion Laparoscopic simulation training using a mobile app is as effective as in-person instruction in teaching advanced
laparoscopic surgical skills. Lapp provides an effective method of teaching through simulation remotely and may allow
expansion of robust simulation training curriculums.
Keywords Simulation training · Surgical education technology · Tele-mentoring · Tele-proctoring · Tele-simulation
Laparoscopic surgery is currently the gold standard for many
abdominal procedures [1–5]. However, the acquisition of
laparoscopic skills presents a learning curve that is specific
to laparoscopy. These skills often change with rapid development of new technologies. As such, surgeons are often
pressed to learn new techniques in short periods of time
[6–8]. Multiple factors, such as extended learning curves and
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resident work–hour restrictions, have pushed educators to
seek more effective methods of teaching advanced surgical
skills [6, 9, 10]. Simulation training is an effective learning tool with many benefits. These include reduced learning
curves, decrease in training costs, and improving procedurerelated outcomes [11–15].
Simulation training is particularly helpful with new surgical trainees, as it provides practice in a controlled environment without risk to patients [16, 17]. It is useful for these
trainees to be involved in simulation curricula where trainers
provide direct teaching and feedback, and are ideally trained
in teaching [11–13]. Feedback clarifies learning objectives,
reinforces positive performance, and corrects trainee errors
to facilitate the acquisition of skills [16–18]. However, an
important limiting factor often becomes inconsistent availability of expert teachers to provide this feedback [19, 20].
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Electronic forms of communication have provided platforms for learning and teaching that aim to address these
shortcomings. Many of these include crowd source assessments, such as social media interest groups. Other systems employ more private methods of intraoperative video
review that provide delayed feedback on surgical technique.
[20–23]. Although these systems provide targeted benefits,
they are largely intended for surgeons who have completed
general training and are looking to expand skills while in
practice. Furthermore, the effectiveness of these modalities
has not been thoroughly assessed nor compared to traditional
in-person feedback [24–26].
A virtual learning platform with web and mobile appbased access was developed. It was named Lapp, for “learning app”. Trainees using Lapp undergo a laparoscopic skills
curriculum based in simulation training and upload videos of their practice for digital storage. These videos are
reviewed remotely by trained experts, who in turn provide
specific feedback. The Lapp platform is used to transmit
videos and for communication between trainee/trainer,
including feedback and associated supplemental materials.
This study aimed to determine if trainees undergoing a validated advanced laparoscopy simulation course could acquire
equivalent skills when taught remotely via Lapp compared
to traditional in-person teaching and feedback.

Methods
Trainees
General surgery residents and general surgeons with access
to a simulation lab in Chile were included in the study. The
on-site (with in-person feedback) training was performed
at the Pontificia Universidad Católica de Chile simulation
center (Santiago, Chile), and the remote-site training with
no direct, in-person feedback was performed in two regional
centers in Chile (cities of Coquimbo and Temuco, 180-750
miles away from Santiago). These two remote simulation
centers were equipped with the same hardware (e.g., simulators, energy devices, etc.) and surgical supplies as the Santiago Center.
Inclusion criteria for participants were:
1. A certified general surgeon or general surgery resident
from a certified program
2. Has successfully completed a basic laparoscopic skills
training course (Fundamentals of Laparoscopic Surgery
(FLS) based competency) also developed at our institution.
We excluded participants that had previous advanced
laparoscopy training or clinical experience in laparoscopic

13

suturing or stapling techniques. The protocol and consent
forms were approved by the institutional ethics board for
all participants.
Prior to initiating the simulation program, participants
took a virtual survey that explored other personal history
that may contribute to the ability to learn laparoscopic skills.
These included factors such musical instrument training and
frequent video games use.

Advanced laparoscopic skills training program
and evaluation
All participants underwent a validated simulation program to acquire advanced laparoscopic skills. The skills
learned through the simulated program had previously been
shown to transfer to the operating room after completing
the course. The program also resulted in a shorter learning curve than traditional training with no simulation [27,
28]. Among other components, the course uses a deliberate practice approach as described by Ericsson et al. This
presents the trainee with repetitive learning of successively
more complex tasks [29].
The program trains novice surgeons for the performance
of a laparoscopic hand-sewn jejunojejunostomy (JJ) using
an ex vivo simulation model (with bovine bowel). It contains
14 sessions of ascending difficulty in a step by step constructivist fashion [30] (Fig. 1). First, basic simple suturing
and bowel handling are trained in 3 sessions. The next three
sessions are meant to practice suturing along with creating enterotomies using an ultrasonic energy device. Then,
the posterior layer of the anastomosis is taught in a running
fashion. Sessions 10 and 12 teach how to close the anterior
layer, also with a running suture. Finally, sessions 13 and
14 give the last tips and tricks to optimize operative flow
and economy of movement. The focus of evaluation is on
technical details, and estimated time goals are suggested in
each session.
All participants watched an introductory video of the
procedure and performed an initial evaluation of the full
JJ. After completing the program, participants underwent a
final evaluation. The evaluations were video recorded and
assessed by blinded experts, using validated global (GRS)
and specific (SRS) rating scales for objective structured
assessment of technical skills (OSATS) [27, 31, 32]. Operative time was also assessed at the initial and final evaluation.
To pass the final evaluation a minimum of 20 points in the
GRS (max 25), 15 points in the SRS (max 20), and a procedural time of fewer than 25 min were required. Further
details of the training program and evaluation methods are
described elsewhere [27, 28].
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Fig. 1  Advanced laparoscopic
simulation program: Includes
14 sequential practice sessions
to perform a laparoscopic handsewn jejunojejunostomy (JJ).
*Image taken from the original
paper from surgical endoscopy
[27]

Online platform and app (Lapp)
An online platform and mobile iOS/Android application
(app) was developed by a multidisciplinary team of surgeons, educators and computer science engineers at our
institution. The interface included a tutor and trainee version. In the trainee interface, students can access their videos, feedback, and scores. In the tutor interface, experts
can review all trainees assigned to them, give feedback,
and review videos and scores. Feedback is provided in the
form of written, verbal, and other supplemental materials
such as technical videos.
The videos of each session were uploaded by a multimedia expert in each of the regional simulation centers. When a new video was uploaded, a trained expert
was assigned to it and notified by the Lapp system. These
trainers then reviewed the video and gave text/audio/video
feedback through the mobile App or online platform. The
experts also assigned evaluation scores (GRS & SRS) and
procedural time with the feedback.
The participants then received the feedback, procedural
times, and GRS/SRS scores on their smart phones. Further educational videos showcasing the critical aspects and
standard errors of each session were included in the online
platform. Trainers can use pre-designed videos that showcase a specific technical error or piece of advice. Other
modalities of feedback, such as audio recordings, written
text, and time-marking a section in the trainees’ videos are
also possible through Lapp (Fig. 2).
Prior to use by trainees, Lapp was tested by 15 volunteers for user experience using the lean methodology
to test software [33, 34]. These volunteers were from
our institution and had general knowledge about surgery
and surgical technique. Their comments were used to fix

technical software problems and maximizing user friendliness before the beginning of the study.

Training methods (Fig. 3)
The expert trainers had all undergone training specific to
teaching the laparoscopic skills program. They all had at
least 5 years of experience in teaching via surgical simulation. The details regarding their training have been published
elsewhere [27, 28]. These instructors furthermore underwent a month-long course on how to use Lapp for evaluating
video and delivering feedback.
Participants were assigned to one of two training programs: in-person evaluation and feedback (control group) or
remote evaluation and feedback via the Lapp interface (Lapp
group). Due to logistical necessity, these assignments were
based on where the trainees lived and thus which training
center they had access to. The Lapp group was made up of
participants from the two regional centers described above.
As opposed to the control group, the Lapp group trainees did
not receive direct, in-person instruction by local instructors.
The Lapp group trainees watched videos to learn the new
techniques, and later uploaded video of themselves training (when specified in a training session) to the online platform. The videos were then reviewed by the same tutors who
assessed the control group. Once a video was uploaded to
the Lapp cloud, trainees received feedback within 72 h. The
Lapp trainees thus received remote feedback from instructors only through the Lapp platform.

Statistical analysis
The comparative analysis between before and after a training
session was performed with the Wilcoxon test. The comparison between the different groups was conducted with
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Fig. 2  Deferred remote feedback. Lapp Group received
remote feedback from instructors only through the Lapp
platform. A Trainees practice on
simulator and record video of
session. B Video is uploaded to
the on-line platform. C Expert
mentors assess the sessions and
D Provide feedback through the
app/learning plataform

the Kruskal–Wallis test and Mann–Whitney as appropriate.
p value ˂ 0.05 was considered statistically significant.
It was calculated that a minimum sample size of 23 subjects was needed for each group to properly power the study.
This accounted for the use of a paired, two-tailed t-test with
alpha set at 0.05 and a power of 80%. The test was designed
to be sensitive to variance between the groups and thus a
significant difference in GRS was set as 1.0 points (out of
25.0 total).

Results
A total of 55 participants were included in the study: 25
received on-site feedback, and 30 received remote feedback
through Lapp. These trainees undertook the laparoscopic
skills course during the same time period. Demographic and
training characteristics of the participants are in Table 1.
There were no significant differences in age, training stage,
or basic laparoscopic experience between groups. Other
aspects of social history that may influence dexterity were
also similar between groups.
All participants completed the program with a GRS
score > 20 and in less than 25 min by the time of the final
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evaluation. Nobody failed the program and the mean total
performances score increased in both groups from pre-test
assessment, 15 (6-19), to post-test assessment, 24 (20–25),
p < 0.05.
In the Lapp group, participants significantly improved their
laparoscopic skills (Table 2). GRS, SRS, and task completion times were significantly improved in the final evaluation
when compared to the initial evaluation, from 15 [6–17] to 23
[20–25] points, 12 [11–15] to 18 [15–20] points, and 40 [SD
10.5] to 23 min [SD 3.4], respectively.
In the control group, all participants significantly improved
their OSATS scores and task completion times, as had been
shown in previous studies [27, 28].
When comparing the Lapp group with the control group,
no differences were identified in their overall progress, median
10 points [1–14] and 9 points [6–10] respectively, p = 0.768.
Their times to complete a task were comparable, at 23 min.
[SD 3.4] and 23 min. [SD 3.3]. And the Lapp and in-person
feedback groups had similar GRS scores in the initial and final
evaluation (Fig. 4).
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Fig. 3  Flow diagram

Discussion
This study found that remote teaching and learning of complex laparoscopic skills through the Lapp platform was as
effective as in-person feedback. Fifty-five trainees were
trained at the same time using the same group of instructors.
There is increasing interest in simulation as a means of
teaching surgical skills. Simulation in surgery has been
shown to reduce the learning curves, training costs, and
complications associated with medical procedures [11–14].
This training in simulated environments has been shown to
improve the surgical skills of residents, and these skills are
transferred to the OR [16, 17, 22, 32, 35–37].
Our institution had previously developed an advanced
laparoscopic skills course based on the completion of a laparoscopic hand-sewn jejuno-jejunostomy, with 14 training
sessions. This curriculum has been studied and shows program validity and transfer of skills to the OR [27, 28]. Our
institute has an international presence in Latin America and

other surgical training programs have shown interest in replicating the curriculum. However, a major setback to expanding the program elsewhere has been the need for frequent
feedback from trained instructors throughout the length of
the course. This asks for a relatively robust staff that has to
be physically available to give the precise feedback necessary during training. As a result, over 100 surgeons and surgical trainees travel to our simulation lab yearly to complete
the advanced laparoscopic skills course.
In our first approach to remote simulation-based teaching,
we developed a smartphone application in 2013 with standardized tutorial videos. These detailed videos provided step
by step instructions on how to learn advanced laparoscopic
skills and effectively complete the training program. Also
included were videos of the most common errors and how
to correct them. However, this app lacked a bidirectional
student–teacher interaction, and thus there was no personalized feedback. We therefore developed a new learning platform via Lapp that solves these issues. The students upload
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Table 1  Demographics
Demographic

p value
LAPP group Control
N = 30 (%) group N = 25
(%)

Age, median (range)
Gender
Male
Female
Training stage
PGY1
PGY2
PGY3
Surgeon
Hand dominance
Right
Left
Basic laparoscopic experiencea
< 20 cases
20–50 cases
> 50 cases
Play musical instrument
Play video game (> 3 h/wk)

36 (23–65)

33 (28–45)

28 (93)
2 (7)

19 (76)
6 (24)

4 (13)
3 (10)
6 (20)
17 (57)

1 (4)
5 (20)
4 (16)
15 (60)

26 (87)
4 (13)

23 (92)
2 (8)

4 (13)
6 (20)
20 (67)
8 (27)
12 (40)

2 (8)
9 (36)
14 (56)
4 (16)
8 (32)

0.359
0.123

0.474

0.218

0.388

0.340
0.539

PGY: postgraduate year
a

Self-reported experience with laparoscopic cholecystectomy or
appendectomy

their training videos so expert trainers can personalize their
assessment and feedback. The benefits of simulated training
are preserved and made widely more accessible.
Training remotely through Lapp not only removed the
need for on-site trainers, but also provided much convenience to the instructor and learner in regards to training
schedule. Trainees were able to practice whenever their
schedule allowed, which is a welcome benefit for surgical
residents.
A potential for bias can be seen in the fact that the cohorts
were not randomized. Unfortunately this was logistically too
difficult, given the physical distance between the cohorts
and their selection based on the training available. However, intuitively this would likely bias results in favor of the

Table 2  Trainees’ results
obtained through the
laparoscopic trianing programs

control group. The control group was from the same institution that had designed Lapp. It is thus conceivable that they
are more readily exposed to the techniques and standards
upheld by the designers of Lapp. The results did not reflect
this influence on outcomes.
Some groups have used tele-mentoring as a way of teaching surgical skills at a distance, often transcontinental. For
example, FLS proctors at the University of Toronto were
able to successfully teach FLS skills to a group of learners in
Botswana. FLS skills were also taught successfully between
remote locations in Colombia via tele-mentoring [19, 38].
The limitation, even in these cases of remote interactions,
is again the need for immediate and simultaneous availability of both the trainer and the trainee. In our experience,
teaching advanced laparoscopic skills increases the need for
trainer feedback and further strains training programs. The
Lapp platform allowed for both the trainer and the trainee
to continue the student–teacher relationship at a distance
during an advance skills course.
The ability to teach surgical skills through simulation
is becoming an important part of surgical education. Surgical residency training in the United States is subject to
increasingly stringent regulations that restrict the amount
of time and autonomy residents experience in the operating room [39–42]. Coupled with the advent of surgical
technology that demands new and complex skill-sets, there
is a widening gap between the technical skills expected of
general surgeons in practice and those that are being successfully mastered during a general surgery residency [6,
43, 44]. Laparoscopic skills are nonetheless an essential
aspect of general surgery training and advanced laparoscopic skills are often associated with a steep learning
curve [45, 46].
Our findings indicate that remote simulation training
through Lapp was as effective as on-site evaluation during a
validated training program. It is designed to teach new trainees and is effective to this end within our study. This remote
training may assist in improving some of the above issues
by increasing accessibility and scalability to laparoscopic
simulation training.

LAPP group (N = 30)

GRS (5–25)
SRS (4–20)
Operative time (m)

Pre-test

Post-test

p value

Pre-test

Post-test

p value

15 (6–17)
12 (11–15)
39 (10.47)

23 (20–25)
18 (15–20)
22 (3.37)

< 0.05
< 0.05
< 0.05

15 (10–19)
12 (8–15)
42 (12.58)

24 (22–25)
19 (16–20)
22 (3.35)

< 0.05
< 0.05
< 0.05

GRS global rating score, SRS specific rating score
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Control group (N = 25)
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Fig. 4  Comparison of both groups, A OSATS global rating scale on initial and final evaluation for on-site feedback (control) and remote deferred
feedback (Lapp group). B Procedure time at the initial evaluation (Pre) and final evaluation (post) on both groups
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