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Abstract 
Introduction: Simulation is an educational tool that consists of artificial replication of phenomena, processes 
or real situations in order to achieve an established academic goal. The aim of this study is to describe the 
pedagogical elements and the organizational model used in activities simulating endoscopy at an internatio-
nal convention of digestive endoscopy in order to compare them with the categories currently accepted for 
Medical Education Based on Simulation.

Methods: This is a qualitative, cross-sectional study. Data were collected during five hours of simulation 
workshops attended by six instructors and 40 students. Data were collected through observation, notes, chec-
klists, oral and visual records, interviews with instructors and student surveys. The information was analyzed 
and compared using five categories accepted in previous work and related to Medical Education Based on 
Simulation.

Results: Five workstations were designed for the acquisition and development of individual technical skills. 
The allocation of time and the design of the workshops led to overcrowded work stations, unequal opportuni-
ties, and a five hour long stretch of work. This was, stressful for both students and instructors. Nevertheless, 
students perceived the simulation exercises of the convention as positive activities. 

Conclusions: This study allows us to propose suggestions for improving activities at future events. First, it 
is essential that all components of the simulation be planned, designed and implemented according to esta-
blished learning objectives. Second, all simulations should be accompanied by some kind of feedback. Third, 
it is recommended that highly structured formats be used during all stages of the simulation when participants 
do not have sufficient prior experience in education based on simulation. 
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INTRODUCTION 

Continuing education programs offered by American and 
European scientific associations, and in the last year by 
Colombian Association of Digestive Endoscopy and the 
Colombian Association of Gastroenterology, have intro-
duced practical activities through workshops. These work-
shops use concepts, methods and simulation-based learn-
ing (SBL) whose main focus is to achieve improvement in 
endoscopic techniques.

SBL and Simulation-based Medical Education (SBME) 
require knowledge of the constituent elements. Some of 
these were used in this study including adult education 
(the physicians attending these events are specialists), the 
role of technology (the workshops specifically addressed 
training in the latest endoscopic techniques) the use of 
multimedia images and videos of real cases, and the use of 
INSIMED (Instituto de simulación médica - Institute for 
Medical Simulation) in Bogotá, a learning environment 
designed specifically for simulation activities. 
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Training physicians to perform gastrointestinal endos-
copy through SBL and SBME offers several benefits 
including the opportunities of teaching and practicing in 
an environment that is safe for the student. There are no 
risks for real patients (several of the activities in these work-
shops were performed on ex-vivo models. In accordance 
with the planning and structure of the sessions, they foster 
motivating learning rather than punitive scenarios for both 
students and teachers. This is a space in which students and 
teachers can share their experience, transmit the systematic 
nature of their practice and apply educational and evalua-
tive concepts.

The significant human, organizational, technological 
and financial resources required for organization of these 
workshops deserve and motivate a broad understanding of 
the different pedagogical elements that must underlie these 
types of educational practices.

This study is based on the traditional “case study in 
social science” type of qualitative research. Its purpose is 
to describe the educational characteristics and the organi-
zational model used in simulation-based learning during 
the X International Course of Digestive Endoscopy held in 
Bogotá on April 3, 2014 and to compare them with catego-
ries currently accepted as constituents of SBL and SBME. 
It is hoped that this will enrich concepts in a way that allow 
changes and recommendations for upcoming activities 
of continuing medical education in gastroenterology and 
digestive endoscopy.

General Objective
 
The general objective of this study is to conceptually iden-
tify the pedagogical aspects underlying simulation-based 
Medical Education activities through observation of work-
shops about endoscopic techniques at an international spe-
cialty conference.

Specific Objectives 

The study’s specific objectives are to explain in detail the 
methodological and logistic issues involved in the worksta-
tions, to characterize the activities of teaching, learning, 
feedback and monitoring related to practical simulations, 
and to review the educational concepts applied in simu-
lation of gastrointestinal endoscopy based on evidence 
including impacts, development and prospective.

MATERIAL AND METHODS

This is a descriptive, cross-sectional, qualitative study of social 
research. Fieldwork was conducted during the “Workshops 

using ex-vivo models” at the X Curso Internacional de 
Endoscopia Digestiva de la Asociación Colombiana de 
Endoscopia Digestiva (ACED - X International Course 
of Digestive Endoscopy of the Colombian Association of 
Digestive Endoscopy) held in Bogotá on April 3, 2014.

The observations used for this study were made during 
the second evening of simulation workshops. Six instruc-
tors and forty students participated. All students were 
specialists or senior residents in adult or pediatric gastroen-
terology, endoscopy and gastrointestinal surgery. Students 
came from a variety of Colombian public and private 
institutions and have varying amounts of experience and 
areas of interest. Two students are directors of Colombian 
Association of Digestive Endoscopy. Three manufacturers 
of endoscopic equipment provided four technicians, three 
other suppliers of endoscopic supplies provided four addi-
tional technicians, and two directors of INSIMED partici-
pated. Total attendance was 72 people.

The educational research group consisted of four people 
with Master’s Degrees in Education, a research assistant, 
and the two directors of the Colombian Association of 
Digestive Endoscopy (DA and RC) from the workshop’s 
organizing committee who agreed to participate and be 
evaluated by this study. The group designed and imple-
mented the study including all data entry and analysis and 
the writing of this study.

Qualitative data were collected from four sources: non-
participant observations by three of the investigators 
(CB, AF and NF) with the help of a check list previously 
developed from field research, video and audio tapes of the 
activities at each of the 5 workstations, unstructured inter-
views of the 5 instructors, students’ answers to questions 
for evaluation of the course on a form prepared by two 
members of the research team (DA-RC). 

This was a social case study which used qualitative analy-
sis. The study was oriented according to five deductive 
categories accepted for scientific works related to SBL and 
SBME. The study triangulated theory, data collection and 
the interpretations of the researchers. 

Ethical Issues

Instructors, students, assistants and simulation center 
managers were all informed of the general purpose of the 
research and of the confidential handling of information 
from performances and images observed during the work-
shops. Verbal consent was obtained for access to each of the 
stations, for taking notes, for recording audio and video, 
and for use of satisfaction surveys and interviews of partici-
pants considered relevant to the investigation. Fieldwork 
records are safe and privacy is maintained.
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Table 1. Checklist - practical workshop with simulation of digestive endoscopy. 

a. Design and planning of activity
i. Learning objectives

Three objectives were identified: 
To learn about and become familiar with low or high complexity technical routines that are useful in the endoscopic practice 
To learn about new technologies and accessories needed for each technique
To practice techniques using ex-vivo plastic models and computerized simulation

ii. Simulation design and feedback - Workstations
There were five thematic workstations: 

Colonoscopic techniques 
Endoscopic management of gastric varices (cyanoacrylate) 
Tools for digestive bleeding (argon plasma and hemoclips) 
Esophageal and colonic prosthetics
Endoscopic mucosal resection (Mucosectomy)

An instructor, two technical assistants and six students were assigned to each workshop. 
Total time of activity: 

10 hours: two five hour sessions (morning and evening) 
Time for each workshop: 

1 hour after which the student group rotated to the next station. 
In five hours each group should have rotated through all five stations. 
Environment: Institute for Medical Simulation - INSIMED- Bogotá. 
Time distribution for each workshop: 15 minutes for theoretical review and 45 minutes for practice.

iii. Guidelines and algorithms use for clinical situations
Instructors explicitly used clinical cases from their own experience without the use of guidelines or management algorithms.

iv. Use of validated scales for acquiring certain skills
Validated scales for rating skills sought or acquired during the workshop were not used or considered for use.

v. Data collection forms - checklist
Except for the general attendance list and the final satisfaction survey, no other forms were used (For example, form to identify members of student 
groups and assistants at each station or lists of inputs used by each group).

b. Preparation at the simulation site
i. Organization of the physical environment 

At INSIMED there were four stations in a common open space, and one station, a virtual simulator of colonoscopy, in a separate enclosed space. 
Stations in the common open space each had an endoscopy tower, an examining table and either an ex-vivo organ simulator or a mechanical 
simulator. The virtual simulator used was an ENDO vr from the CAE Company. 
Endoscopic accessories for the technique to be used were available at each simulation work station. 

ii. Creating an atmosphere of psychological security
At the start of each day, the organizers welcomed participants and invited them enthusiastically to participate. They explained the location of the 
stations, the number of students per station, the turnaround times, the division of theoretical and practical activity for each workshop, and starting 
and ending times for each session. 
The INSIMED coordinator explained building security. 
The organizers informed participants of the presence of our research group and its observation activities.

iii. Confidentiality agreements
Although no signed consent forms were used to inform participants of the use of audio and visual recordings or publication of performances, the 
whole group was explicitly informed of the presence of a research group that would conduct observation including recording the proceedings. 
The simulation center directors requested that frontal images of the participants and simulators not be taken whenever there was exposure of 
ex-vivo animal organs.

iv. Evaluative reference standards such as scales or algorithms 
No reference standards such as scales or algorithms were considered in the planning phase and none were used in the real space.

v. Simulation concepts: cognitive, technical (psychomotor) and behavioral (affective) 
The instructors made efforts to developing these concepts in each of their workshops. 

Cognitive. Their extensive knowledge of the subjects was presented in power point presentations which included detailed explanations of 
endoscopic techniques correlated to corresponding clinical-pathological techniques. 
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Table 1. Checklist - practical workshop with simulation of digestive endoscopy. Continued

Technical psychomotor. Instructors were very explicit about technical issues, especially proper selection of instruments and accessories, tracking 
of steps and sequences key to improving performance and achievement, identification of problems, problem solving, and identification of 
incidents or adverse events. 
Behavioral-affective. Orientation included appropriate selection of patients, comfort in the use of techniques for operator and especially the 
patient, satisfaction of achieving success in implementation of each technique, and meaning and impact of techniques on different groups and in 
different work environments. 

v.   Learning methodology
The organizers reminded instructors and students of time distribution (25% for theoretical review, 75% for practice). 
No specific method for teaching and learning was defined.
Three instructors relied on their own clinical cases, one on recounting his experience, and the other on technical issues related to her topic.

c. Simulation development
i.   Presentation of teachers, activities and participating groups

Students were allowed to choose their work groups which caused some disorder, uncertainty and communication problems. 
Two instructors introduced themselves to each group with a brief summary of their resumes. Only one of the instructors allowed students to 
introduce themselves to the rest of the group. 
There were no precise guidelines for time management. As a result some students at some stations could not perform their simulations.

ii.  Adult education considerations 
Three were three adult education considerations:

Students were invited to actively participate at the start of each session and workshop. Instructors indicated that all students could participate. 
This did not always occur because of the excess of students that limited practice times. This discouraged some students who left their group and 
moved to other stations. 
Real cases and relevant contexts that appealed to students. Instructors achieved this by using theoretical presentations with their own cases, 
extensive clinical experience and knowledge of the subjects which obviously motivated students. 
Striking visual, auditory and tactile stimuli was provided by the novelty of the simulation space, the operating room environment, and by the 
variety of simulators and accessories used. 

The virtual colonoscopy simulation workshop had its own exclusive enclosed environment. The other four workshops were held in a common, 
open space of approximately 60 m2. Each of these was organized around an endoscopy tower, an examining table and a simulator. A mechanical 
simulator similar to an Erlangen was used for self-expanding stents, and mixed ex-vivo simulators were used for sclerotherapy, treatment with 
metal clips and mucosectomies. 
During the sessions the open area became very noisy, and the heating and ventilation could not cope with the number of participants. 
The one hour length of each session followed immediately by another session included no rest periods for instructors. Their voices and physical 
appearances showed fatigue after the first three hours of repeating the same workshop. 

iii.   Feedback time during simulations
During the simulation there was feedback from both the practical side of those who did it and especially from the theoretical point of view. The 
feedback order was given by the questions arising from the students and by the most significant elements the instructors wanted to highlight. 
There was no time or space planned for feedback after the simulation

d. Feedback activities
i.   In a scenario different from simulation

Planning did not consider use of different spaces
ii.  Feedback stages and feedback structure 

Of the three stages considered (Reaction, Understanding or comprehension, Summary or synthesis) only the Reaction was performed immediately 
after the end of the workshops day. This was done with a baseline satisfaction survey, because at this stage one aims to identify perceptions, 
feelings and frustrations. 
Of the three structures considered (High with guide and protocol; Moderate with targeted objectives; Low or Scarce with only general references of 
learning objectives or feedback), only Low structure was performed by means of a basic satisfaction survey. 
These surveys revealed high overall satisfaction with the exercise, approval of the instructors’ activities and favorable opinions of the simulation site. 
Proposals for improvement mentioned the need for workshops with more basic topics for residents and new recent professionals, the possibility 
of choosing one or two specific workshops that are important to the student and better time management to allow everyone to perform the 
simulations.

e. Follow-up 
Not considered in planning
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of Gastroenterology and the American Society for 
Gastrointestinal Endoscopy (ASGE) make efforts to pro-
vide simulation activities to their members. These have 
drawn a great deal of attention in the past 15 years. Since 
the development of flexible endoscopes, they have been 
recognized as potential tools for improving training and 
gaining endoscopic expertise (7, 8).

Endoscopic simulation currently uses at least four types 
of simulators:
1. First generation mechanical simulators are usually plas-

tic. The Erlangen mannequin is the icon of these simu-
lators. This techniques was first described in 1974 (9).

2. Mixed models that combine mechanical simulators 
with ex-vivo animal organs (10). 

3. Computer virtual reality simulators that combine video 
technology with interactive graphic computer simula-
tion to allow appreciation of movement of endoscopic 
accessories in connection with images that appear in 
real time (11,12).

4. Live animal models are more realistic and closer to the 
sensitivity of the human tissue. These models usually 
use young pigs weighing approximately 35 kg (13).

In this case the first three types of simulation models were 
used because of for practical reasons and the type of facility. 
Clear variations exist among these types. Mechanical simu-
lators are simple and require minimal preparation for use, 
but provide less real experiences. Mixed mechanical simu-
lators with ex-vivo organs are also very easy to use but are 
more demanding in terms of preparation and disposal of 
tissues. Although their consistency is more rigid than live 
tissue they allow simulated performances of most proce-
dures. Computerized simulators have the great advantages 
of long term use and low costs of updating procedures once 
the initial investment has been made. They also provide a 
friendly environment once training has been received. Live 
models are completely realistic but have more ethical issues 
and require time and effort to prepare animals, have high 
costs including anesthesia, veterinarians and a much more 
complex operating room (1).

Support for the use of simulation for training and achiev-
ing competence in gastrointestinal endoscopy is based on 
two types of studies performed with mixed ex-vivo simula-
tors and computer simulators. One type consists of studies 
constructed to test the validity of both the structure and the 
use of the simulator in order to identify the presence of either 
an inexperienced or experienced endoscopist, according to 
measurement of variables such as duration of procedure, 
complexity achieved, recognition of pathology and others. 
The other type consists of clinical studies that aim to deter-
mine whether the use of the simulator leads to better perfor-
mance of endoscopic procedures in the clinical field (1). 

Methodology of Analysis

The content analysis method was used to study qualitative 
data obtained from notes, audio and visual recordings of 
workshops, interviews and surveys. Findings were placed 
within the categories identified on the checklist in the 
results section. The checklist is based on the pedagogical 
elements that should be found in simulation workshops 
according to previous studies that the group consulted.

RESULTS 

The results shown below are organized by category and 
presented with their respective components and findings.

DISCUSSION 

Simulation is “imitation or modeling of a real-life situation” 
to be used in “training or instruction” (1). It can be under-
stood from a pedagogical point of view and according to its 
structure as a technique or teaching-learning methodology 
that allows replacement or amplification of real experiences 
by means of authentic replication or interactive tools. The 
usefulness of this method has been confirmed in complex 
scenarios similar to clinical ones such as aviation and mili-
tary training (2-4).

The learning method traditionally used for digestive 
endoscopy focuses on the use of clinical scenarios with real 
patients. Procedures are performed directly on the patient 
under the supervision of an instructor.

Accepted advantages of the traditional method include 
one-on-one training, real problems solved in real time, and 
immediate feedback and assessment of results. Limitations 
include dependence on patient availability, patient autho-
rization for student involvement; increased time of pro-
cedures, high costs that may be incurred and, most sig-
nificantly under current conditions, the potential risks and 
discomfort caused to patients (1).

Clinical simulation has been motivated by four factors 
(3, 5, 6):
1. The 1964 Helsinki Declaration which protects indi-

viduals subject to experimentation.
2. The safety required by patients who are passive subjects 

in educational processes.
3. New approaches in medical education based on quality 

criteria, timelessness of processes and demonstration 
of objective skills.

4. New computing, electronic and virtual reality tech-
nologies. 

Scientific societies such as the Colombian Association 
of Digestive Endoscopy, the Colombian Association 
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stasis procedures has improved by having three separate 
weekend sessions over a period of 7 months (16).

The proposal to transform and develop training with 
endoscopy simulators makes integrating three learning 
conditions more importance. These conditions are inde-
pendent study, training in a structured program with study 
modules, and work with simulators that reinforces stu-
dents’ skills (28).

This proposal seeks to achieve two central goals through 
the use of simulation: shorten the learning curve by decreas-
ing the number of clinical procedures with real patients 
needed to achieve expertise or proficiency in a particular 
technique, and correlate evaluation of skill levels obtained 
in simulation with proficiency in performance of procedures 
with real patients which requires identification of what is 
transferred efficiently from training with simulators (7). 

Studies show that students acquire skills through train-
ing, but there have been no attempts to distinguish between 
technical and cognitive skills, so this remains a dark area 
that requires further investigation since achievement of 
integrated skills including technical and cognitive abilities 
is central to significant learning in the long term (7).

Work has already been done to develop next generation 
endoscopic simulators which will simulate “evaluative 
integrity.” These simulators will allow construction of par-
ticular standard learning curves for each specific procedure 
which will be integrated into the simulator’s program. They 
will develop at least two elements that allow the objective 
assessment of the skill: 1) identification of key metrics of 
a particular procedure; and 2) development of an assess-
ment tool based on this metric. This will enable measure-
ment of the range of expertise of the person in the process, 
and allow accurate prediction of professional performance 
in real clinical scenarios (28).

The results of these studies show that the benefit of simu-
lation models is linked to selection of students at the appro-
priate level to benefit from training with precisely defined 
learning objectives combined with the use of simulation 
scenario that provides “psychological fidelity “ (29). This is 
understood as a set of sensations that trigger real cognitive 
processes that allow the simulated scenario to be perceived 
as real thus approximating the simulator performance to 
the real clinical context (30).

With this future scenario and with the evidence accu-
mulated from more than 15 years of research in the field of 
simulation, the valuable efforts of our national association, 
the Colombian Association of Digestive Endoscopy, face the 
reality found in this scenario of simulation workshops during 
an international conference. This allowed us, through the use 
of an observation matrix, to show the need for improvement 
of activities in future workshops. These improvements can 

Studies show that there are computerized simulators that 
distinguish between novice and expert endoscopists (14, 
15). Clinical studies that compare traditional clinical train-
ing with patients and traditional theoretical training with 
that achieved with computerized simulators and ex-vivo 
mixed models report that residents trained with comput-
erized simulators can initially show more complete perfor-
mance skills with less need for help (16, 17). On the other 
hand, better skills are achieved when ex vivo mixed models 
are used. This is especially true for hemostasis techniques, 
therapeutic procedures such as polypectomies (18), and 
high risk procedures such as ERCPs and double-balloon 
enteroscopies (19, 20).

Training with colonoscopy simulators is also supported 
by validity of construct studies that rank performance from 
novice to expert in the technique tested (21-23). Multiple 
clinical studies show better performances from those trained 
with simulators that from those trained with patients and 
those without previous clinical experience. This is especially 
true for early stages of training in colonoscopy. 

Nevertheless, all students require a similar number of in 
vivo cases to reach the 90% skill level [160], even though 
the performance of physicians trained with simulators is 
superior in the first 80 cases or even in the first 30 cases (24, 
25). In other words, progress made with initial simulator 
training is rapidly tied to clinical practice which is a modest 
benefit from the medium to long term use of the simulator.

In this context, there are two unresolved problems that 
limit the use of simulation for training in endoscopy. First, 
the lack of concrete definition of the skills obtained from 
simulation prevents identification of expertise attained in 
one or more specific techniques. One tool for colonoscopy 
that allows evaluation of minimum standardized skill per-
formance of students has been validated. It defines mini-
mum benchmarks that must be reached (26). These include 
of depth of the insertion for cecal intubation, full exami-
nation conducted independently, and ability to identify 
reference sites in the colon (27). There are still no precise 
validated definitions of the skills to be achieved for other 
colonoscopic procedures through training with simulation.

The second problem is the cost of models that limits their 
use in institutions that must ration their resources (28). 
This is especially true for computer and live models. Costs 
include monetary investments and investments in human 
resources, although the use of simulators may reduce the 
number of trainers needed (7). One study warns that stu-
dents may not improve as much in training through simula-
tion as they do with traditional methods if there is no feed-
back from a tutor (23). Likewise, there is no clarity on the 
benefits of the intermittent or continuous use of simulators 
which could modify costs. Simulation training for hemo-
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nical assistants should be included. Students should be 
made aware that they need to respect their own time 
limits and those of their peers during practice. A wider 
range of topics in the workshop would allow students 
to select one or two topics of interest in advance. 
Workshops should be structured according to the level 
of complexity of the training needed by the participants 
invited. Simulations should have clear pedagogical poli-
cies regarding planning, didactic consistency of teach-
ers, evaluation, feedback and medium and long term 
follow-up of the impacts of workshops.

•	 This needed because, despite the efforts, desires and 
interests of current research, there is a large gap in our 
knowledge regarding the usefulness and real impact of 
endoscopic simulation on the practice of professionals 
such as those who participated in the program studied 
here. This may be a first step in that investigation.
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