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Abstract
Skill acquisition with required competencies as defined by the National Medical Commission for the postgraduate surgical 
residents can happen in a step-wise manner from novice or advanced beginner to competent levels. This requires well-defined 
program-specific objectives, teaching-learning and assessment methods as per the competency-based medical education cur-
riculum. Various modalities of teaching for the residents are adapted during the COVID pandemic to maintain the continuum 
of learning. In this study, we have attempted to develop, implement, and evaluate the effectiveness of acquiring laparoscopic 
surgical skills using advanced simulators and with large live animal in a real-life situation by a modular training approach. 
This skill-based program was developed and implemented for final year General Surgery postgraduate residents of Yene-
poya Medical College for training laparoscopic surgical competencies. The training was conducted at Advanced Simulation 
Centres of Yenepoya (Deemed to be University), Mangalore, Karnataka, India. Three training modules were prepared based 
on the competency-based medical education curriculum for incremental training with advanced simulators and large live 
animals in a real-life situation which included the sessions on briefing, scenarios, simulations, hands-on activities, debriefing, 
feedback, and assessment methods. Assessment after the modular training showed statistically significant improvement in 
their scores, and they scaled up their skill acquisition ladder after each module. The residents and faculty felt that integration 
from different specialties has increased their confidence levels and communication skills, exploring team dynamics with 1:1 
mentorship to make them competent emphasizing the effectiveness of simulation-based training even during the pandemic.
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Background

Skill acquisition is an essential component for surgical resi-
dents’ training during their post-graduation studies. They 
move across the ladder step by step from novice/advanced 

beginner to competent to proficient levels. Being at the post-
graduate level, the residents need to demonstrate the “Shows 
How” and “Does” competencies as per the Miller’s pyramid 
of clinical competence [1].
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The Medical Council of India in 2017 has rolled out a 
competency-based postgraduate curriculum across all the 
programs. Accordingly, 15 program outcomes/Subject Spe-
cific learning objectives and program-specific outcomes/
subject-specific competencies in all 3 domains of learning; 
knowledge (cognitive domain), professionalism (affective 
domain), and skills (psychomotor domain) have been defined 
in the postgraduate training program for MS in General sur-
gery [2]. This curricular framework stresses the importance 
of specialist postgraduate training in recent advances address-
ing the health needs of the community and competent enough 
to handle effectively medical/surgical problems with empathy 
and humane approach [3]. The advancement of information 
technology has largely assisted the training programs.

Simulation-based skill training is a newer modality which 
has various advantages for the trainees to enhance their clinical 
skills in real life like situation which is ethical and stress-free 
and occurs in a safe environment [4, 5]. High fidelity simula-
tors, virtual reality task trainers, animal models, and simulated 
patients form the components of simulation-based training pro-
grams [6, 7]. This teaching and training strategy has been effec-
tively adapted in the departments of anesthesia, emergency 
medicine, intensive care medicine, surgery, obstetrics, pedi-
atrics, ophthalmology, and radiology in many institutions [8].

Skill training using simulation has been widely recognized, 
accepted, and implemented into the curriculum by various 
boards and committees across the globe [9, 10]. With the newer 
developments in all the areas of medicine including surgical 
specialties, one of the most common skills that are essential to 
be acquired by a surgical resident at the end of their training is 
the basic laparoscopic skill. According to the American Board 
of Surgery, individuals are required to complete successfully 
an educational program entitled “The Fundamentals of Lapa-
roscopic Surgery” (FLS) developed by the Society of Ameri-
can Gastrointestinal and Endoscopic Surgeons (SAGES), to be 
board certified in general surgery [11, 12].

COVID-19 pandemic has affected the teaching and train-
ing process of residents all programs and skill acquisition 
for them was a challenging task that was severely compro-
mised and has come to a grinding halt due to the paucity of 
non-COVID cases admitting to the hospitals [13, 14]. For 
maintaining the continuum of the learning process, differ-
ent modalities were adapted by the institutions like virtual 
case-based discussions, seminar presentations, video-based 
surgical skills interactive training, online learning mod-
ules, virtual rounding, reflection assignments, surgical 
skills simulation training, research education, and medical 
education learning and journal clubs in virtual mode [15].

Simulation-based training for the residents in few centers 
with advanced surgical skill infrastructure has led to active learn-
ing amidst challenging situations. There are no well-structured 
and validated training modules in this latest technology-assisted 
skill acquisition training program. Under these circumstances, 

we, at the Department of General Surgery of Yenepoya Medical 
College, under the Yenepoya (Deemed to be University) aimed 
to develop, implement, and evaluate a modular training program 
with an assessment blueprint on laparoscopic surgical skills for 
the final year MS General Surgery postgraduate residents at the 
skill training centers of the University.

Materials and Methods

This module was developed and implemented for final year MS 
General Surgery postgraduate residents (n=10) of Yenepoya 
Medical College of one cohort for training laparoscopic surgi-
cal skills. The simulation training was conducted at Advanced 
Surgical Skill Enhancement Division (ASSEND) and Advanced 
Comprehensive Clinical Training and Simulation Centre (ACTS-
YEN), Yenepoya (Deemed to be University), Mangalore, Kar-
nataka, India, during October 2020 to March 2021. The ani-
mal ethics committee approval was obtained for the study 
(V-11011(13)/15/2020-CPCSIA-DADF dated 9th October 2020).

ACTSYEN is the largest state-of-the-art simulation facil-
ity in the country equipped with a wide range of high fidelity 
mannequins, basic task trainers, three-dimensional virtual 
dissection table-Anatomage, and virtual reality simulators.

ASSEND is furnished with advanced equipment for surgi-
cal training like basic endo-trainers, electro-surgical devices, 
minimally invasive laparoscopic instruments, robotic set-
ups, surgical microscope unit and a variety of open surgical 
instruments, animal model surgical training facilities, anes-
thesia equipment and monitors along with a team of trainers, 
veterinary surgeons, and technicians.

Development of Simulation‑Based Skill 
Enhancement Module

The teaching faculty from the departments of General Sur-
gery, Gastroenterology, Anesthesiology, and medical educa-
tion brainstormed in developing the contents of the module 
which had learning objectives for each simulation session 
aligned with learning outcomes. The faculty involved from 
the Department of General Surgery had undergone laparo-
scopic training with an experience of 4 to 20 years and a sur-
gical Gastroenterologist with advanced laparoscopy training.

All the 10 final year surgery postgraduate students of 
the 2018 batch were included in the training. The training 
modules were prepared following the guidelines for the 
competency-based medical education for raining in Gen-
eral Surgery after studying the basic training programs of 
professional bodies involved in the laparoscopy training 
with modifications as per the requirements of the trainees 
and available resources. A plan for the briefing, scenarios, 
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simulations, teaching-learning methods, debriefing, and 
evaluation methods was discussed and developed for each 
module for the implementation (Fig. 1).

Module 1

The objectives of this module were to make the residents 
understand the basic principles of laparoscopic surgery 
including the history, indications, types of equipment used 
and their assembly, operation theater (OT) setup, steriliza-
tion methods, and complications of laparoscopy. Also to train 
them to perform the simple tasks of hand to eye cordination, 
camcera driving, focusing and extracorporeal knotting. 

The competencies of module 1, teaching-learning meth-
ods used with duration, assessment, and levels of learning 
are depicted in Table 1.

Module 2

The specific learning objectives of this module were to make 
the resident perform the simple laparoscopic steps such as 
setting up the equipment at OT for laparoscopic surgery, 
intra-corporeal knotting, and suturing on a biological tissue 
(chicken piece) and understand the individual steps, and per-
form diagnostic laparoscopy, laparoscopic cholecystectomy, 
and appendicectomy on a simulator.

The modular contents included are depicted in Table 2.
The residents were asked to practice all the tasks learned 

during the training workshop modules I and II for at least 10 h 

each. The assessment was conducted about 15 days after mod-
ule II by the mentors on the knowledge of laparoscopic surgery 
and acquisition of sample tasks learnt. Viva and DOPS were 
used with a checklist for grading their performances. The lapa-
roscopic tasks using endotrainer like building block exercise, 
putting the ring to the nail, putting a knot, suturing with silicon 
sheet, and peeling the grape and outside the endotrainer, extra-
corporeal knotting skills were used for training and assessment. 
All the students were assessed by the same expert involved in 
the process. Of the 10 students, 2 who underperformed were 
given additional training at the end of the assessment session.

Module 3

The specific learning objectives are to make the resident cre-
ate pneumo-peritoneum and insert primary and secondary 
ports safely, perform diagnostic laparoscopy, and perform 
all the steps of cholecystectomy correctly and safely with 
hands-on training on live anesthetized animal (porcine). The 
contents are shown in Table 3.

During module III which was held once a month, 2 train-
ees were trained per session and they were assisted by 2 
other trainees who would be operating during the next ses-
sion in the following month. Two animals per session were 
used; each session included two students and two mentors. 
Accordingly, each resident performed a full cholecystectomy 
(skin to skin) on a porcine model.

One to one mentor trainee ratio was maintained, with the 
mentor guiding the trainee throughout the procedure to make 

Fig. 1   Modular training process 
with simulation
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sure that the procedure is done the same as it is done in human 
beings to give a real-life experience for the trainees from the 
start to finish of the surgery. The dignity of life of the animal was 
maintained throughout the training session. All the animals who 
underwent laparoscopic cholecystectomy recovered well from 
anesthesia without any mortality related to the training program.

Debriefing, feedback, and evaluation

After the residents completed the entire module, they were 
administered a questionnaire regarding their skill acquisition 

and learning experience with simulations and feedback was 
sought at each station. A retro-pre questionnaire, based on 
the Dreyfus model of skill acquisition, was administered. 
The feedback from faculty involved in the planning and 
implementation of this skill training module was also col-
lected. Assessment using a validated checklist (Table 4) to 
assess the outcome of the training on endotrainer was con-
ducted 2 months after the completion of basic skill training 
about the identification and knowledge about the use of lapa-
roscopic instruments, extracorporeal knotting, performing 
simple laparoscopic tasks on endotrainer, intra-corporeal 
knotting and suturing. The checklist includes the questions 

Table 1   Contents of module 1

S. No. Competency area Teaching learning method/duration Assessment method Level of 
learning 
(Miller’s)

1 • Introduction to laparoscopy (history, 
evolution, applications),

• Ports, hand instruments and other equip-
ment, their assembly

• Sterilization techniques
• Energy devices
• Anesthesia in laparoscopic surgery, impli-

cations, modifications and complications
• Creation of pneumoperitoneum, knotting 

techniques,
• Diagnostic laparoscopy, appendicectomy 

and cholecystectomy at ACTSYEN using 
laparoscopic virtual reality simulator 
(CAE Co.)

Short lectures with demonstrations, illustra-
tions, photographs and video clippings

(4 h)

Pre-test and post-test Knows how

2 • Skill training on simple tasks
• Extra-corporeal knots at ASSEND

Small group, DOAP- on the endotrainer
(40 min for each candidate)

Viva and Direct Observa-
tion of Procedural Skills 
(DOPS)

Shows

3 Skill training on the basics of laparoscopy 
such as

• Camera drive,
• Focusing,
• Triangulation
• Performing the pre-programmed tasks at 

ACTSYEN using laparoscopic virtual real-
ity simulator (CAE Co.)

Small group, DOAP- on laparoscopic 
simulator

(40 min for each candidate)

Shows

Table 2   Contents of module 2

*DOAP Demonstration–Observation–Assistance–Performance
**DOPS Direct Observation of Procedural Skills

S. No. Competencies Teaching learning method/duration Assessment method Level of 
learning 
(Miller’s)

1 Intra-corporeal knots, suturing on a bio-
logical tissue (chicken piece), assembling 
the instrument and OT setup at ASSEND 
on endo-trainer

Small group, DOAP*
(40 min for each candidate)

Viva and (DOPS)** using the checklist Shows How

2 Performing diagnostic laparoscopy, laparo-
scopic cholecystectomy and appendicec-
tomy at ACTSYEN using laparoscopic 
virtual reality simulator (CAE Co.)

Small group, DOAP
(40 min for each candidate)

Shows How
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related to higher order cognitive and psychomotor skills. 
More weightage (80%) was given to psychomotor compo-
nent. The feedback from the residents and faculty along with 
assessment scores was analyzed. The assessment scores (pre- 
and post-test) were analyzed statistically using the paired 
t-test, with a p-value <0.05 taken as statistically significant 
(Statistical software IBM SPSS Version 23). MS Excel was 
used for data entry and generation of graphs. Google forms 
were used for assessment and feedback. Consensual valida-
tion of the whole module was done by 6 subject experts. 
There was 100% agreement among the experts.

Results

The residents perceived that the simulation-based modular 
training 1:1 mentorship during training facilitated skill-build-
ing, and enhanced their hand-eye coordination skills; the sce-
nario resembled a real-life situation enabling their integrated 
and incremental skill acquisition with confidence (Fig. 2).

Students also felt that the process followed benefitted 
them and believe that advanced simulation-based skill 
training improves quality care and communication skills 
and become competent even during the COVID pandemic 
(Table 5).

The students were asked to grade their perception before 
and after their training using a retro-pre questionnaire on a 
scale of 1 to 5 where 1 is the lowest and 5 the highest score. 
The mean scores were calculated which showed statistically 
significant results with incremental skill acquisition (paired 
t-test) as shown in Table 6. The assessment grades of resi-
dents following the overall modular skill training showed 

40% of the residents achieving grade A and 60% grade B 
(Table 7).

Paired t-test
Faculty feedback on this simulation-based training 

revealed that this module benefits the residents in acquiring 
the relevant laparoscopic surgical skills (Table 8).

Discussion

In this study, we developed and evaluated the effectiveness 
of a simulation-based skill enhancement module for post-
graduate surgical residents. Residents found that our modu-
lar skill-based training with 1:1 mentoring enhanced their 
competencies in a stepwise manner. According to Singh AG, 
simulation-based skill acquisitions are useful to teach a nov-
ice the basic psychomotor skills under the supervision with 
instant feedback which needs to be incorporated into the 
curriculum of the postgraduate program [16].

Any new psychomotor skill acquisition is based on the 
theory proposed by Fitts and Posner who have defined the 
step-by-step approach involved in this learning process. 
The first step is knowledge-based where the students gain 
the information on the background, basics involved, use 
of appropriate instruments for hand-eye coordination, 
precision, depth perception, dexterity, and spatial orien-
tation which will be haphazard or not uniform. The next 
phase includes the application of cognitive components for 
perfomance-based training to know the synchronicity of 
movements. The trainee gains proficiency and smoothness 
in handling the setup with confidence for a given situation 
in the last phase [17, 18]. This is in line with the process 
followed in our modular training program.

Table 3   Contents of module 3

S. No. Competencies Teaching learning method/dura-
tion

Assessment method Level of learning (Miller’s)

1 Creation of pneumo-peritoneum, 
inserting the ports, and perform-
ing all the steps of laparoscopic 
cholecystectomy

1:1 Hands-on training on live 
anesthetized animal (porcine)

(2 h for each candidate)

Viva and DOPS with the checklist Show How

Table 4   Checklist for the post-training assessment of laparoscopic skills for MS General Surgery residents

Grading: A, above 21; B, 11 to 20; C, below 10

S. No. Skill assessed Score (1–5)

1. Ability to identify and describe the use of basic laparoscopic instruments (Knows how) 1. Poor
2. Fair
3. Good
4. Very Good
5. Excellent

2. Ability to perform simple tasks of hand-eye coordination on endotrainer (Shows how)
3. Ability to make an extra-corporeal knot (Shows how)
4. Ability to perform intracorporeal knot on the endotrainer (Shows how)
5. Perform intracorporeal suturing (Shows how)
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Simulation-based virtual reality training has greater advan-
tages in reducing the errors and operating time with more 
accuracy, providing quality health care according to the 23 
randomized control trials from the Cochrane library with 622 
participants according to a study conducted by Gurusamy et al. 
which is in accordance with the observations in our study [19].

Fig. 2   Students’ perception of simulation-based learning (n=10)

Table 5   Student perception on simulation-based training (n=10)

Question Strongly agree (%) Agree (%) Neutral (%)

Initial briefing helped me to understand the history, evolution, application, present status, and 
future perspectives of simulation-based learning.

5 (50%) 5 (50%) -

The debriefing session helped me in analyzing the challenges faced with probable solutions to 
overcome them.

6 (60%) 4 (40%) -

Simulation training can improve patient safety and quality of healthcare. 6 (60%) 2 (20%) 2 (20%)
ASSEND provides a safe non-threatening learning environment during this COVID pandemic. 7 (70%) 2 (20%) 1 (10%)
Sophisticated equipment, infrastructure facilities, and technology provided at ASSEND assisted 

me in acquiring the clinical skills.
6 (60%) 4 (40%) -

Simulation can improve effective participation and communication skills 7 (70%) 3 (30%) -
Simulation in health care has advantages for training and gaining the competencies for residents 6 (60%) 4 (40) -
I would like to have more simulation-based training sessions. 9 (90%) 1 (10%) -

Table 6   Pre-test and post-test scores of skill assessment after module 
1 (n=10)

Pre-test score Post-test score

Mean 4.80 8.20 P <0.0001
Standard 

deviation
1.14 1.48
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Seymour et al. in 2002 demonstrated the transfer of vir-
tual reality training skills to the operating room environ-
ment involving 16 surgical residents in a prospective, rand-
omized, blinded study where they found that virtual reality 
surgical simulation training to reach specific target criteria 

significantly improved the performance of residents in an 
operating room in laparoscopic cholecystectomy [20].

We found that assessment of residents after this modu-
lar training showed statistically significant improvement 
in skill acquisition, team dynamics, and time management 
in a stress-free environment which follows the previous 

Table 7   Assessment grades of residents following the modular skill training (n=10)

*Paired t-test

Post-training assessment grade of laparoscopic skills No of residents

Grade A (Above 21) 4 (40%)
Grade B (11–20) 6 (60%)
Student perception of skill acquisition in each module
Novice (Stage 1) to advanced beginner (Stage 2) 4 (40%)
Novice (Stage 1)  to competent (Stage 3) 1 (10%)
Advanced beginner (Stage 2) to Competent (Stage 3) 4(40%)
Advanced beginner (Stage 2) to Proficient (Stage 4) 1 (10%)

Perceived skill levels before 
modular training

Perceived skill levels after 
modular training

P <0.0003*

Standard deviation 1.50 2.70
Standard error of the mean 0.53 0.67

Table 8   Faculty feedback on simulation-based modular skill training (n=7)

Question Strongly agree (%) Agree (%) Neutral (%)

Initial briefing helped the trainee to understand the history, evolution, application, present status, 
and future perspectives of simulation-based learning.

4 (57%) 3 (43%) -

Training in simulation with camera navigation enhanced the trainee’s hand-eye coordination skills. 5 (71%) 2 (29%) -
Hands-on laparoscopic cholecystectomy experience on live animals resembled a real-life situation. 2 (29%) 5 (71%) -
1:1 mentorship during training facilitated skill-building. 6 (87%) 1 (13%) -
Phase-wise modular training enabled incremental skill acquisition by the trainees. 5 (71%) 2 (29%) -
The trainee’s confidence levels of applying the skills in a real-life situation (patient) have 

improved.
2 (29%) 4 (57%) 1 (14%)

Integrating surgery with anesthesiology improved the trainee’s understanding of perioperative 
patient care.

2 (29%) 4 (57%) 1 (14%)

The debriefing session helped the trainees in analyzing the challenges faced with probable solu-
tions to overcome them.

3 (43%) 4 (57%) -

Simulation training can improve patient safety and quality of healthcare. 4 (57%) 2 (29%) 1 (14%)
ASSEND provides a safe non-threatening learning environment during this COVID pandemic. 4 (57%) 3 (43%) -
Sophisticated equipment, infrastructure facilities, and technology provided at ASSEND helped the 

trainees in acquiring the skill.
3 (43%) 4 (57%) -

Simulation can improve effective participation and communication skills. 4 (57%) 2 (29%) 1 (14%)
Simulation in health care has advantages for training and gaining the competencies for residents. 4 (57%) 3 (43%) -
Overall this module is beneficial to the residents. 6 (86%) 1 (14%) -
An effective skill training happens with such a simulation module. 4 (57%) 3 (43%) -
The level of laparoscopic skills and confidence in performing the laparoscopic tasks by the train-

ees has improved after the basic laparoscopic skill training.
3 (43%) 3 (43%) 1 (14%)

Development and implementation of such simulation module requires a collaborative approach 
with other departments.

3 (43%) 4 (57%) -

The development and implementation of such a simulation module is time-consuming. 3 (43%) 3 (43%) 1 (14%)
I would like to be a faculty during future simulation-based training sessions. 2 (29%) 5 (71%) -
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studies that reemphasized the role of simulation in improv-
ing the learning process [21–23].

A 5-day workshop of 50 residents of 5 sessions with 
10 residents in each small group conducted at All India 
Institute of Medical Sciences, New Delhi, in medical, sur-
gical, trauma, and mixed cases scenarios showed that their 
confidence levels increased from 48 to 76%, communica-
tion aspects from 38% to 76%, the tendency to blame team 
members decreased from 58% to 36%, enhanced hand-eye 
coordination skills, 86% were ready to participate as a 
team, and effective learning outcome was achieved [24].

Some of the limitations of the modular training are:

•	 Anatomy of the model (porcine) though similar is dif-
ferent from that of the human beings. There are multiple 
lobes of liver in a porcine animal as compared to human 
beings (difficult), cystic duct is thin and elongated 
(easy), and cystic artery is very fine (easy). Hence, the 
training need not reflect the real life situation as there 
can be several anatomical variations in humans devel-
opmentally or due to disease or previous surgery.

•	 The skill training on the animal model was mainly on 
the basics of laparoscopy and laparoscopic cholecys-
tectomy, but the other common procedural skills could 
not be imparted due to lack of appropriate models.

In this study, the training was conducted for the final 
year residents. Training the second year students could be 
considered the future scope as the students will continue 
their resident surgical training program for a longer period 
after their basic laparoscopic skill training and would be 
involved with surgeries on actual patients under supervi-
sion of the mentors. We feel that the skill training of the 
surgical residents on a live anesthetized animal, following 
all the steps and care exactly as an actual patient, gives a 
real-life experience as compared to training on a cadaver 
as it provides the experience of operating on a live tissue 
to the trainee.

Success of this modular program enabled us to con-
duct similar training for surgical oncology trainees in GI 
oncology and uro-oncology procedures. Here the focus 
was on advanced surgical skills as the trainees are quali-
fied general surgeons having required surgical skills. They 
performed rectal mobilization, dissection of inferior mes-
enteric vessels, hysterectomy, omentectomy, wedge resec-
tion of liver, peritoneal biopsy, partial nephrectomy, and 
radical nephrectomy, on live porcine models.
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