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Introduction

Endoscopy plays a vital role as a method of di-
agnosis and treatment in different fields of mod-
ern surgery. This is because it is less invasive and 
usually has a shorter recovery time. For a long time, 
medical doctors used different types of endoscopy 
to make a proper diagnosis. The first description of 
anoscopy and treatment of haemorrhoids is avail-
able in the works of Hippocrates [1]. John Macintyre 
manufactured the first self-illuminated endoscope 
at Glasgow Royal Infirmary in 1894 or 1895. Since 
then, we have made tremendous progress by apply-
ing endoscopy in nearly every surgical subspecialty. 

One of the elements of evaluating surgical proce-
dures is their safety. To increase patient safety and 
support surgical education, surgeons should train 
their surgical skills. They gain experience through 
fellowship programmes under the supervision of the 
licensed practitioner. It is widely believed that sur-
geons should be talented manually and have other 
predispositions such as resistance to stress and the 
ability to make quick decisions. One of the most sig-
nificant challenges nowadays is to educate and pre-
dict the preferences of young surgeons taking into 
consideration that every skill has a learning curve.

Endoscopic simulators could help in perfecting 
skills before operating on patients.
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A b s t r a c t

Introduction: One of the most significant challenges nowadays is to educate and predict the predispositions of 
young surgeons taking into consideration that every ability has its own learning curve.
Aim: To determine the influence of selected factors and examine the shape and the length of the learning curve in 
performing simple tasks on an endoscopic simulator.
Material and methods: Twenty students took part in 4 training sessions with a one-week break between sessions. 
They were training 12 minutes and performed three tasks at every session on the endoscopic simulator. To identify 
whether selected factors influence the time of completing tasks, the participants were asked to fill in questionnaires. 
All participants also completed the Minnesota Manual Dexterity Test (MMDT) to assess hand-eye coordination.
Results: Our research reveals that regardless of activities performed in free time, the shape of the learning curve was 
logarithmic. Improvement after the fourth session ranged from 50% to 75%. Performing specific activities in the free 
time did not influence the results achieved on the simulator. No statistically significant correlation between MMDT 
results and the time to accomplish each task was found.
Conclusions: This study has shown that the length of the learning curve of performing simple tasks is quite short 
and the shape is logarithmic. It suggests that more complex exercises should be included in the training programme.
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Although according to Grantcharov [2] prepa-
ration for becoming good at technical skills should 
concern three main components – the cognitive 
knowledge surrounding the specific medical condi-
tions, instruction enabling abilities that will prepare 
students by giving them the fundamental elements 
needed to perform particular procedures and an op-
portunity to perform a procedure in an environment 
that is safe and close to real conditions – it could be 
done outside the clinical setting, reducing the num-
ber of errors and increasing the speed of perform-
ing the task on patients, which is crucial in times of 
pressure on speed and maximum efficiency.

Aim

The aim of the study was to investigate the shape 
and the length of the learning curve in performing 
three simple tasks on the endoscopic simulator in rela-
tion to selected factors (playing a musical instrument, 
doing physical activity, playing computer games, time 
achieved in the Minnesota Manual Dexterity Test).

Material and methods

To perform this study, the Laparo Aspire endoscop-
ic simulator was used (Photo 1). This trainer is quite 
simple equipment that needs to be connected to  
a computer and allows simple tasks to be performed 
with endoscopic instruments. Also it is rather inexpen-
sive, at about $400. It is equipped with several training 
modules – three of them were used in our research.

A group of 20 students was recruited for the study 
of the Poznan University of Medical Sciences. Each 

participant took part in 4 sessions, and each course 
was composed of two parts: 12 min of self-directed 
training and completing three tasks. Photo 2 shows 
tasks that had to be completed in each session.

The initial state on the left and the final state on 
the right. First row – transferring balls between con-
tainers. Second row – change in the configuration 
of elastic bands. Third row – placing a rubber line 
through circles.

Tasks that need to be completed on each course 
are: (1) to move small balls between containers; 
(2) to change the configuration of elastic bands 
stretched between sticks; (3) to pass a rubber line 
through circles.

The time that was spent to complete each task 
during each session was measured.

To find factors that may influence the partici-
pant’s performance, all students were asked to fill in 
two surveys: one at the very beginning of the study, 
and the second before each session.

In the first survey the following data were col-
lected: age, sex, field of study, year of study, hand-
edness, type of sport that is regularly played (if any), 
whether he/she plays a musical instrument, amount 
of time that he/she spends and has spent on playing 
computer games, chronic disease and whether he/
she has ever used endoscopic equipment. 

In the second survey (that was carried out before 
each session) the following data were collected: level 
of stress, number of hours that were spent on sleep-
ing last night, drinking coffee or energising drinks, 
smoking, physical activity in previous 24 h, drinking 
alcohol in last 24 h, taking drugs in last 24 h.

Photo 1. Laparo Aspire endoscopic simulator (image from https://laparo.pl/pl/)

https://laparo.pl/pl/
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The Minnesota Manual Dexterity Test (MMDT) is 
a unified test for rating an ability to move small ob-
jects for various distances. It measures the subject’s 
ability of rapid eye-hand coordination and arm-hand 
dexterity. It was used previously in occupational 
therapy, and physical therapy, especially when as-
sessing progress after using different treatment 
methods due to injuries or rehabilitation [3–5].

Participants were asked to perform one of the 
subtests of this test – the placing test [4]. We mea-
sured four trials of the placing test, and we calculat-
ed the average time of performing this test.

Statistical analysis

The statistical analysis was conducted using the 
Statistica 12 program. The license was free for edu-
cational use.

Results

The mean age of the participants was 22.95 
years (range: 20–29 years). Fourteen men and six 
women took part in our research.

Our research revealed that the mean time of per-
forming each task decreased in every session (when 
compared to the previous session). All participants 
were right-handed and studied medicine (Figure 1).

Improvement in time of performing tasks after 
the fourth session was 75% for the first task (mov-
ing small balls between containers), 50% for the 
second task (changing configuration of elastic bands 
stretched between sticks) and 67% for the third ex-
ercise (passing a rubber line through circles). The 
Friedman test with the post-hoc test (Dunn Bonfer-
roni test) was performed to determine whether dif-

Photo 2. Tasks performed by participants
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ferences between times of completing each task in 
each session were statistically significant. For each 
task, a statistically significant difference occurred 
between different sessions (Table I).

Ramsay et al. have shown that the learning curve 
can be approximated in the most accurate way by a 
logarithmic curve. Based on that calculated logarith-
mic curve, coefficients for each task were calculated. 

According to that, it seems that each task has 
its own level of difficulty. A significant correlation 
between the learning curve of transferring rubber 
bands (task 2) and threading (task 3) was docu-
mented, thus suggesting similar complexity of these 
tasks. 

Figure 1 shows approximated learning curves of 
tasks 1–3. The mean time of performing MMDT was 
57 s (range: 44–75 s).

To assess whether there is a correlation between 
the MMDT result and the time to accomplish each 
task, Spearman’s rank correlation coefficient was 
calculated. No statistically significant correlation 

was found. Also, Spearman’s rank correlation coef-
ficient for the comparison between tasks was car-
ried out, and a significant correlation (p < 0.05) was 
found.

Comparison of participants who used to take 
part in specific activities in their free time with 
those who did not revealed a significant difference 
in results achieved on the simulator. Playing music, 
playing computer games and doing physical activity 
were assessed (Table II).

Discussion

The goal of the study was to determine the shape 
of the learning curve of laparoscopic work and eval-
uate whether chosen factors affect the speed of task 
execution.

After reviewing the available medical literature, 
we noted that several similar studies focus on the 
use of various simulation methods and the resulting 
improvement in abilities, not only in orthopaedics 
or surgery but in medicine in general. Training and 
simulation are seen today as an essential element 
in medical education and are increasingly appearing 
in the teaching of students and residents, ensuring 
more excellent patient safety [6]. It is also necessary 
to emphasise a higher value of the practical training 
over the observation itself [7]. However, as Panek 
et al. reported, not only manual skills influence the 
learning curve of an individual but also their experi-
ence with regard to the entire therapeutic process, 
including choice of the optimal surgical method [8].

It has been proven that much more expensive vir-
tual reality simulators bring equal benefits to those 
in training, compared to box trainers, to which the 
Laparo Aspire belongs [9–11]. Therefore, one can 
confirm the benefits of the availability of training 
on box trainers, which one can even take home. 
However, even though they can effectively support 
the laparoscopic training, personal possession of  

	 1	 2	 3	 4
 Task 1          Task 2          Task 3

 Log (Task 1)          Log (Task 2)          Log (Task 3)

Figure 1. Average time of performing tasks on 
each training day (in seconds) and logarithmic 
learning curve fitting
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Table I. Results of Friedman test with post-hoc test (Dunn Bonferroni) for each task (yes – significant dif-
ference, no – no significant difference)

Session 
number

Exercise 1 Exercise 2 Exercise 3

1 2 3 1 2 3 1 2 3

2 Yes     No     No    

3 Yes No   Yes Yes   Yes No  

4 Yes No No Yes Yes No Yes No No
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a portable simulator does not result in voluntary 
long-term practice [12].

In the studies comparing also the mental training, 
which turns out to be very important in the case of 
additional stress factors appearing during an opera-
tion [13, 14], one can note the decisive advantage of 
training on box simulators and virtual training simu-
lators over mental training [15] in the matter of lapa-
roscopic performance, which also confirms the valid-
ity of practical training on simulators. There are also 
studies available that support the superiority of train-
ing on box trainers over virtual reality trainers [16].

To assess the length and shape of the learning 
curve of laparoscopic work and factors affecting the 
speed of task execution, 20 medical students com-
pleted questionnaires and performed training on the 
endoscopic simulator. The findings indicate a loga-
rithmic learning curve with a marked improvement 
in results after all training and research sessions. No 
error frequency was recorded as it was assumed that 
the error would directly affect the time necessary 
to complete the task. The decrease in path length, 
which can be used for assessment in curricula for 
laparoscopic cholecystectomy [17, 18] and rating in 
surgical skills [19] is seen by some as a somewhat 
manual skill, developed with task repetition. How-
ever, error frequency is a crucial component in the 
clinical marker, and the indicator of the quality of 
the operation [20] was left unrecorded. It has been 
shown that a decrease in error frequency number 
is possible to achieve in structured coaching [18], 
which was lacking in our study. 

Cumpanas et al. [21] examined how sleep depri-
vation influenced performance on the robotic virtual 
reality simulator. In their research sleep deprivation 
does not influence the time of performance on easi-
er tasks but influences time of performing more dif-
ficult tasks.

During training sessions, we noted that the 
type of exercise performed in the current study had  
a positive effect on the students’ abilities. The Laparo 
Aspire simulator proved to be an excellent learning 
method, mainly for simple tasks. What is more, for 
students who have never had a chance to deal with 
laparoscopic work, such training was an introduction 
to a two-dimensional vision. It is undoubtedly one 
of the significant difficulties faced by amateurs of 
laparoscopic surgery.

During the university classes, medical students 
have practically no contact with the laparoscope, 

apart from observing the procedures carried out by 
older, experienced surgeons. Medical students and 
young adepts of orthopaedics and surgery should 
have constant contact with laparoscopic trainers 
[21–23].

In contradiction to Buckley CE’s findings, which 
state that high aptitude is directly related to earli-
er completion of the learning curve [24], our studies 
did not show a significant correlation between the 
results in the MMDT test and the laparoscopic work.

The weakness of our study might be an insuffi-
cient number of surveyed students, which could be 
a reason for limited and inadequate trends for ini-
tial aptitude and the length of the learning curve. 
Despite the size of our group of participants, our 
findings that laparoscopic training improves per-
formance correlate with those of others [25, 26]. 
We should also consider introducing more complex 
tasks to lengthen the learning curve.

To further advance our study, we would also like 
to compare the results that the students achieved 
with the results achieved by the experienced sur-
geons who work laparoscopically daily, to confirm 
the trends observed by other researchers [27].

One may suspect that, as in some studies [28], 
training on the box trainer can produce similar re-
sults compared to traditional methods, where ex-
perienced surgeons educate trainees through the 
process of graduated responsibility. On the other 
hand, we think that, based on the learning curve in 
our research, results of a randomised controlled trial 
that show how laparoscopic surgical skills are sig-
nificantly improved by use of a portable laparoscopic 
simulator [29] and other studies proving that warm-
up sessions before operations cause improvement 
of performance [30, 31] training on the box trainers 
and/or laparoscopic simulators may be widely and 
effectively used in many different aspects. As other 
researchers discovered, many attempts are required 
in different surgery cases to stabilize the learning 

Table II. Number of participants doing specific 
activities in their free time and results of com-
paring groups

Parameter Yes No P-value

Musical instruments 5 15 0.735423

Physical activity 15 5 0.497291

Computer games 11 9 0.823756
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curve [32]. That is why targeted training sessions are 
required to obtain sufficient proficiency .

Conclusions

The assessment made in our study suggests that 
regular training on an endoscopic simulator signifi-
cantly decreases the time needed to perform differ-
ent tasks (both in general and compared to the previ-
ous session). We did not find a significant correlation 
between initial aptitude and the time necessary to 
complete given tasks. What is more, we should con-
sider comparing students with experienced surgeons.
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