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Abstract 
Background The aim of this study is to present face, 
content, and constructs validity of the endoscopic orthog
onal video system (EndoViS) training system and deter
mines its efficiency as a training and objective assessment 
tool of the surgeons' psychomotor skills. 
Methods Thirty-five surgeons and medical students par
ticipated in this study: 11 medical students, 19 residents, 
and 5 experts. All participants performed four basic skill 
tasks using conventional laparoscopic instruments and 
EndoViS training system. Subsequently, participants filled 
out a questionnaire regarding the design, realism, overall 
functionality, and its capabilities to train hand-eye coor
dination and depth perception, rated on a 5-point Likert 
scale. Motion data of the instruments were obtained by 
means of two webcams built into a laparoscopic physical 
trainer. To identify the surgical instruments in the images, 
colored markers were placed in each instrument. Thirteen 
motion-related metrics were used to assess laparoscopic 
performance of the participants. Statistical analysis of 

Flores • 

performance was made between novice, intermediate, and 
expert groups. Internal consistency of all metrics was 
analyzed with Cronbach's a test. 
Results Overall scores about features of the EndoViS 
system were positives. Participants agreed with the use
fulness of tasks and the training capacities of EndoViS 
system (score >4). Results presented significant differences 
in the execution of three skill tasks performed by partici
pants. Seven metrics showed construct validity for assess
ment of performance with high consistency levels. 
Conclusions EndoViS training system has been success
fully validated. Results showed that EndoViS was able to 
differentiate between participants of varying laparoscopic 
experience. This simulator is a useful and effective tool to 
objectively assess laparoscopic psychomotor skills of the 
surgeons. 
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Laparoscopic surgery has become an important technique 
within several surgical specialties, such as general surgery, 
gynecology, and urology. This minimally invasive tech
nique offers many benefits for the patients as less postop
erative pain, better cosmetics results, and shorter periods of 
hospitalization [1-3]. Laparoscopic surgery, however, 
demands additional psychomotor abilities and skills dif
ferent from those in conventional open surgery [4, 5]. 

Traditionally, surgical residents acquire minimally 
invasive skills based on the classic apprenticeship model 
with hands-on training in the operation room [6, 7]. This 
training method is not efficient, prolongs the learning curve 
of surgeons, and represents a potential risk to patient 



safety. Due to concerns for medical safety, it is essential 
the development of training methods for safe practice of 
laparoscopic surgery outside of the operating theater with 
the additional assessment of the surgical skills of surgeons. 

Currently, laparoscopic surgical simulators are widely 
accepted and incorporated into surgical residency pro
grams. These simulators have become in effective means 
for acquiring, training, and maintaining of psychomotor 
skills, which may be transferable to the operating room 
environment [8-11]. In the literature, there are several 
laparoscopic surgical simulators available for training 
laparoscopic skills, classified as laparoscopic box trainers 
[12-15], virtual reality (VR) simulators [16-19], and aug
mented reality (AR) simulators [20-23]. 

Laparoscopic box trainers are usually simple and unso
phisticated simulators. These portable and inexpensive 
trainers allow the training of basic laparoscopic skills. 
However, in laparoscopic box trainers, the performance of 
the trainee must be evaluated by the observation of an 
experienced surgeon. In VR simulators, organs, tissues, and 
surgical laparoscopic procedures are simulated under a VR 
environment. These simulators provide assessment of the 
users without the need for an expert surgeon by means of 
performance-related parameters; however, most of them 
lack an effective and realistic haptic feedback, which 
decreases the realism and tactile sensation of the surgeons 
during training. AR simulators combine VR simulation 
with real images of the training modules or tasks. In con
trast to VR simulators, AR simulators provide realistic 
haptic feedback due to the use of laparoscopic instruments, 
physical objects or materials, and consumables (gauze, 
sutures, etc.). Furthermore, these systems also offer the 
assessment of the efficiency of trainees using performance 
metrics. Nowadays, there are alternatives for the evaluation 
of psychomotor skills and performance using traditional 
laparoscopic trainers with tracking systems, which are 
based on mechanical, optical, or electromagnetic technol
ogies [24]. However, their implementation might restrict 
the free manipulation of laparoscopic instruments altering 
the records and performance of the surgeon. 

A viable option to these tracking systems is the video-
based tracking. Video tracking systems, based on computer 
vision techniques, are a non-obstructive solution for cap
turing and analyzing of the instrument motions. In training, 
this approach is used in the ProMIS simulator [22, 40], in 
which three cameras determine the spatial position of the 
surgical instruments from three different angles within a 
mannequin. Oropesa I et al. [25] present another proposal 
in EVA, a tracking system that registers the 3D coordinates 
of the instruments based on the monoscopic image of the 
endoscope for assessment of skills. In general, several 
authors have evaluated and validated these training systems 

to ensure its effectiveness and usefulness using different 
tasks and protocols [19, 26-29]. 

The objective of this study is to present the EndoViS 
training system and evaluate face, content, and construct 
validity. EndoViS training system is a laparoscopic physi
cal simulator with a video-based tracking system for 
evaluation of the surgical skills of surgeons during training. 
This training system provides a feasible alternative for 
surgical training programs, and its potential as a useful tool 
for acquisition and objective assessment of laparoscopic 
skills. 

Materials and methods 

The present study validates the EndoViS training system 
and determines the reliability of 13 motion-based metrics 
employed in four skill tasks. EndoViS system is designed 
and developed for learning, training, and assessment of the 
surgeon's psychomotor skills in laparoscopic surgery. This 
study was conducted in the Department of Pediatric Sur
gery at Hospital Infantil de México Federico Gómez in 
México City, México. 

Participants 

Experienced surgeons, residents, and medical students 
from the Hospital Infantil de Mexico Federico Gómez were 
invited to participate in this study. Participants were divi
ded into three groups based on prior laparoscopic experi
ence: medical students in their rotation through the 
department of pediatric surgery with no previous experi
ence in laparoscopic surgery or laparoscopic simulators 
(Novices), residents in training ranging from postgraduate 
year PGY-2 to PGY-4 with less than ten laparoscopic 
procedures (Intermediates), and expert surgeons with 
experience in more than 100 laparoscopic procedures 
(Experts). Consequently, each participant was asked to 
complete a short questionnaire detailing demographic and 
age information. 

EndoViS training system 

The laparoscopic physical trainer consists of a semi-
cylindrical cavity which simulates the patient's abdominal 
cavity (40-cm length x 33-cm width x 18-cm height), 
with several ports of entry that allow the insertion of 
standard laparoscopic instruments. The 0° optics laparo
scope, provided by 750TVL resolution miniature square 
color camera (KT&C USA Inc., Los Angeles, CA), is in 
the center of the semi-cylinder. Surgical instruments are 
inserted through two other ports, located at each side of the 



optical port. Different training models may be placed on 
the trainer for training and assessment of skills [13, 14]. 

The back side of the semi-cylinder contains two webc-
ams placed in orthogonal configuration at a distance of 
13.5 cm each other that identify the laparoscopic instru
ments inside the simulated cavity. The orthogonal camera 
system captures the instruments motion in the x, y, and z 
planes, with a resolution of 0.14 mm and an acquisition rate 
of 30 frames per second (fps) [30]. The laparoscopic 
instruments are detected by the system using green and blue 

markers placed near the distal end of each surgical instru
ment. The images from the webcams are processed online 
using software developed in C language and the OpenCV 
library in a laptop (Asus, 2.50 GHz Intel Core i5 processor, 
running Windows 7 Home Basic with 6 GB RAM, 500 GB 
Hard Drive and 2 USB 3.0 ports). The software saves the 
motion data of the laparoscopic instruments in a text file 
(*.txt). The EndoViS training system was installed in the 
simulation lab at the hospital and placed at a standard height 
to perform all laparoscopic tasks (Fig. 1). 

Fig. 1 EndoViS training system registers the laparoscopic instru
ments motion using an orthogonal camera system and video image 
processing 

Face and content validity 

All participants completed a questionnaire to assess face 
and content validity after performing the tasks with the 
EndoViS training system. The questionnaire consisted of 13 
statements. The first six questions were related to the 
design, realism of the cavity, and functionality of the 
simulator (face validity), and the last seven were related to 
training capacities of the EndoViS system and the per
formed skill tasks (content validity). These questions were 
answered with a 5-point Likert scale ranging from 1 (very 
bad/useless) to 5 (excellent/very useful). 

Construct validity 

In order to evaluate construct validity of the EndoViS 
training system, all participants carried out a serial of four 
skill tasks. 

Fig. 2 Skill tasks performed by 
the participants. A Peg transfer 
task, B Rubber band task, 
C Pattern cutting task, and 
D Intracorporeal knot suture 
task 



Peg transfer. The task consisted of lifting each of six 
rubber rings from one peg with the dominant hand, 
transferring it to the non-dominant hand, and then 
placing it on a second peg on the opposite side of a 
plastic board using the laparoscopic graspers (Fig. 2A). 
This task involves skills at bimanual manipulation, 
grasping, hand-eye coordination, and spatial 
perception. 
Rubber band: The task required stretching an elastic 
band around 12 plastic poles placed on a plastic base 
(Fig. 2B). In this task, a specific order to stretch the 
elastic band into the posts was not defined. The 
participants required application of grasping, pulling 
force, and bimanual manipulation. 
Pattern cutting: The participants cut a 4.5-cm circular 
pattern on a piece of 13 x 13 cm non woven fabric 
stretched in a plastic base, (Fig. 2C). Using the 
laparoscopic scissors in his/her dominant hand, the 
participant cut the drawn circle as close as possible. 
The task ended when the circle was completely cut out 

and separated from the fabric. This exercise required 
skills at cutting, grasping, precision, and hand-eye 
coordination. 

- Intracorpórea! knot suture: The tasks consisted of 
grasping the suture needle with the laparoscopic needle 
driver, puncturing, and knotting a 12-cm-long suture 
through two predefined points in a longitudinally slit 
Penrose drain (Fig. 2D). The suture was tied using an 
intracorporeal knot technique. For all trials, 2-0 silk 
suture on a 26-mm taper needle was used. This task 
involved skills at needle manipulation, management of 
a silk suture, knot tying, and bimanual dexterity. 

The initial and final position of the instruments was 
indicated by two drilled holes on the plastic boards. The 
placement of the tasks inside the trainer and the position of 
the camera were the same for all participants. Before starting 
the task, each participant was briefly instructed on how to 
perform it. All participants performed the one trial per task, 
and a limit of time was not imposed to complete all them. 

Table 1 Summary of EndoViS motion-related metrics 

Metrics Definition Equation 

Time (T) 

Bimanual dexterity 
(BD) 

Path length (PL) 

Depth perception 
(DP) 

Depth along trocar 

(DTr) 

The total time required to perform the task(s) (in s) 

The correlation between the velocities of the both instruments during 

the task(s) (-) 

Total path followed by the tip of the instrument while performing the 
task(s) (in m) 

Total distance traveled by the instrument along its axis (in m) 

Total distance traveled by the instrument with respect to the trocar's 
coordinate (in m) 
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Motion smoothness Abrupt changes in acceleration resulting in jerky movements of the 
(MS) instrument (in m/s ) 

Average velocity Rate of change of the position of the instrument (in mm/s) 
(V) 

Average Rate of change of the velocity of the instrument (in mm/s ) 
acceleration (A) 

Idle time (IT) Percentage of time where the instrument was considered still (in %) 

Economy of area Relation between the maximum surface area covered by the instrument 
(EoA) and the total path (-) 

Economy of volume Relation between the maximum volume covered by the instrument and 
(EoV) the total path (-) 

Energy of area (EA) Energy inverted by the instrument over the surface area covered (in 
J/cm2) 

Energy of volume Energy inverted by the instrument over the volume covered, (in J/cm ) 
(EV) 
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Table 2 Results statements: face and content validity 

Face validity 

Design 

Realism/imitation cavity 

Trocar's position 

Freedom of movement of the instruments 

User-friendliness 

Overall functionality 

Content validity 

Training capacities 

Hand-eye coordination 

Depth perception 

Basic endoscopic procedures 

Tasks 

Peg transfer 

Rubber band 

Pattern cutting 

Intracorporeal knot suture 

Total mean 

4.34 

3.69 

4.20 

4.22 

4.25 

4.39 

4.56 

4.42 

4.39 

4.63 

4.42 

4.29 

4.27 

Novices 

Mean 

4.37 

4.00 

4.37 

4.50 

3.87 

4.37 

4.87 

4.75 

4.75 

4.75 

4.50 

4.00 

4.25 

SD 

0.51 

0.75 

0.91 

0.53 

0.83 

0.74 

0.35 

0.46 

0.46 

0.70 

0.89 

0.71 

0.83 

Intermediates 

Mean 

4.25 

3.68 

4.43 

4.56 

4.50 

4.62 

4.43 

4.31 

4.43 

4.75 

4.56 

4.68 

4.56 

SD 

0.57 

0.70 

0.72 

0.51 

0.63 

0.50 

0.72 

0.79 

0.51 

0.44 

0.48 

0.51 

0.51 

Experts 

Mean 

4.40 

3.40 

3.80 

3.60 

4.40 

4.20 

4.40 

4.20 

4.00 

4.40 

4.20 

4.20 

4.00 

SD 

0.54 

0.54 

0.83 

0.54 

0.54 

0.44 

0.89 

0.83 

0.70 

0.54 

0.83 

0.83 

0.70 

Pñ 

0.835 

0.327 

0.286 

0.019 

0.163 

0.278 

0.292 

0.319 

0.094 

0.241 

0.224 

0.366 

0.205 

Kruskal-Wallis test for independent samples (significance p < 0.05) 

A series of motion-related metrics employed in the study were 
defined from the position [x(f), y(t), z(t)]t=0 of the instruments 
derived from the EndoViS training system. Thirteen metrics were 
used for the evaluation of the performance of all the participants 
(Table 1) [25, 31-33]. All motion metrics were computed using 
Matlab Release 2012a (Mathworks, Natick, MA). 

Statistical analysis 

Statistical analysis was performed using SPSS v20.0 for 
Windows (SPSS Inc., Chicago, IL, USA). Non-parametric 
tests were used to compare groups. The Kruskal-Wallis test 
was performed between the three groups, and the Mann-
Whitney U test was performed for each pair of groups. A 
level of p < 0.05 was considered statistically significant. 

In order to analyze reliability of the metrics for the different 
tasks,Cronbach'satestforastandardizeditemwasperformed.A 
valueofreliability(a > 0.7)indicatedthatthemetricwasuseful 
andindependentoftheobjectivesofthetask.Ontheotherhand,a 
valueofa < 0.7indicatedahigherdegreeofdependencyofthe 
metric toaspecifictask[34]. 

Results 

Participants 

A total of 35 surgeons, residents in training, and medical 
students participated in this study: five expert surgeons, 19 

residents, and 11 medical students (22-50 years old; 25 
male and 10 female). All participants were right handed. 
The expert group consisted of five male surgeons; 60 % 
were active in general surgery department, 20 % in gyne
cology, and 20 % in urology. The intermediate group 
consisted of 19 residents; mostly (57.8 %) were active in 
general surgery, 21.1 % in gynecology, and 21.1 % in 
urology (14 male and 5 female). The novice group con
sisted of 11 (31.4 %) medical students in their fifth year of 
study from various school of medicine in Mexico. 

Face and content validity 

Table 2 shows the mean values of the scores for the face 
validity of the EndoViS training system. Overall, partici
pants rated the trainer with an average score >4 on the 
5-point Likert scale (mean 4.18). The lowest mean score 
was given to realism/imitation of the cavity. The overall 
scores of the experts were lower compared with the scores 
of the intermediates and novices. A significant difference 
was found for freedom of movement of the instruments 
between the three groups. 

In general, the training capacities of the EndoViS system 
were rated with average score >A on the 5-point Likert 
scale (in Table 2). Training of hand-eye coordination and 
depth perception received the highest mean rating, 4.56 and 
4.42, respectively. All tasks were considered useful with a 
mean score above of 4. The overall scores of the inter
mediates in this category were highest compared with the 



novices and experts group. No significant differences were 
observed between groups. 

Construct validity 

All participants were able to complete the four skill tasks. 
The results from the three skill levels for four tasks are 
presented in Tables 3, 4, 5 and 6. The values of dominant 
hand and non-dominant hand are showed separately for 11 
motion metrics. Parameters as time and bimanual dexterity 
are independent of the hand used. 

For the peg transfer task, statistical significant differ
ences were found between the three groups for 11 metrics: 
time, path length, depth perception, depth along trocar, 
motion smoothness, velocity, acceleration (dominant 
hand), economy of area, economy of volume, energy of 
area (dominant hand), and energy of volume (dominant 
hand) (Table 3). In general, statistical differences were 
obtained between pairs of groups: time, path length, depth 

perception, and economy of area for the non-dominant 
hand, depth along trocar for the dominant hand, and motion 
smoothness for both hands. The intermediates-experts 
(I-E) and novices-experts (N-E) groups showed signifi
cant differences in most of the metrics. The novices-
intermediates (N-I) showed lower significant differences in 
performance compared to the other two groups. 

The rubber band task showed no statistical differences 
between the three groups (Table 4). Between the pairs of 
groups (N-I, I-E, N-E), no statistical differences were 
found for this task. 

For the pattern cutting task, statistical significant dif
ferences were found between the three groups for eight 
metrics: time, path length, depth perception, depth along 
trocar, motion smoothness, economy of area, economy of 
volume, and energy of area (Table 5). Statistical differ
ences were obtained between the three pairs of groups for 
three metrics: time, motion smoothness, and energy of area. 
The results of N-I showed statistical significant differences 

Table 3 Results of motion metrics for peg transfer task; mean score (SD) and p values 

Metrics 

Time (s) 

Bimanual dexterity (-) 

Dominant hand 

Path length (m) 

Depth perception (m) 

Depth along Trocar (m) 

Motion smoothness (m/s3) 

Velocity (mm/s) 

Acceleration (mm/s ) 

Idle time (%) 

EoA ( - ) 

EoV ( - ) 

Energy of area (J/cm2) 

Energy of volume (J/cm3) 

Non-dominant hand 

Path length (m) 

Depth perception (m) 

Depth along Trocar (m) 

Motion smoothness (m/s ) 

Velocity (mm/s) 

Acceleration (mm/s2) 

Idle time (%) 

EoA ( - ) 

EoV ( - ) 

Energy of area (J/cm2) 

Energy of volume (J/cm ) 

Novice 

119.43 (53.50) 

0.56 (0.15) 

1.91 (1.03) 

1.44 (0.73) 

0.93 (0.40) 

12,739.73 (11,723.25) 

8.55 (1.89) 

11.63 (2.39) 

39.67 (12.76) 

0.037 (0.012) 

0.031 (0.011) 

14.73 (5.85) 

880.46 (147.37) 

1.89 (0.69) 

1.49 (0.53) 

0.96 (0.35) 

12, 612.96 (11,244.50) 

9.70 (2.27) 

13.60 (3.42) 

34.34 (12.91) 

0.035 (0.010) 

0.029 (0.008) 

67.00 (41.08) 

2,239.30(1,113.61) 

Intermediates 

74.80 (24.99) 

0.57 (0.14) 

1.24 (0.41) 

0.98 (0.31) 

0.66 (0.21) 

4,349.25 (3,499.64) 

8.98 (1.46) 

12.13 (1.96) 

38.13 (11.32) 

0.044 (0.010) 

0.038 (0.009) 

13.33 (4.13) 

951.88 (308.16) 

1.37 (0.47) 

1.07 (0.37) 

0.73 (0.24) 

4,406.94 (3,320.70) 

10.91 (2.26) 

15.14 (3.21) 

28.22 (13.12) 

0.044 (0.011) 

0.037 (0.009) 

51.19 (17.73) 

2,067.39 (916.48) 

Expert 

52.94 (5.31) 

0.51 (0.26) 

0.88 (0.10) 

0.69 (0.06) 

0.45 (0.04) 

1,976.11 (541.68) 

10.79 (0.84) 

14.54 (1.14) 

32.11 (6.59) 

0.061 (0.006) 

0.051 (0.004) 

7.99 (1.42) 

591.67 (154.95) 

1.00 (0.33) 

0.75 (0.25) 

0.53 (0.11) 

1,947.72 (514.09) 

12.88 (2.27) 

17.74 (4.14) 

19.43 (6.72) 

0.055 (0.009) 

0.046 (0.007) 

42.01 (12.94) 

1,823.75 (789.59) 

Pñ 

0.002 

0.660 

0.004 

0.003 

0.001 

0.002 

0.034 

0.017 

0.272 

0.001 

0.001 

0.001 

0.003 

0.009 

0.005 

0.013 

0.002 

0.038 

0.134 

0.102 

0.004 

0.005 

0.323 

0.857 

N-I 

0.023 

0.843 

0.056 

0.082 

0.041 

0.023 

0.441 

0.613 

0.741 

0.140 

0.153 

0.676 

0.582 

0.041 

0.033 

0.061 

0.029 

0.210 

0.281 

0.344 

0.037 

0.061 

0.441 

0.741 

I-E 

0.020 

0.376 

0.013 

0.006 

0.004 

0.027 

0.017 

0.008 

0.135 

0.002 

0.002 

0.001 

0.002 

0.046 

0.041 

0.036 

0.017 

0.068 

0.135 

0.158 

0.036 

0.027 

0.268 

0.699 

N-E 

0.002 

0.495 

0.005 

0.003 

0.001 

0.002 

0.032 

0.015 

0.172 

0.001 

0.001 

0.001 

0.002 

0.008 

0.005 

0.015 

0.002 

0.015 

0.079 

0.025 

0.002 

0.002 

0.172 

0.626 

a Kruskal-Wallis test for differences across the three groups; significant at p < 0.05 (bold) 

Mann-Whitney U test for differences between pair of groups; significant at p < 0.05 (bold) 



Table 4 Results of motion metrics for rubber band task; mean score (SD) and p values 

Metrics 

Time (s) 

Bimanual dexterity (-) 

Dominant hand 

Path length (m) 

Depth perception (m) 

Depth along Trocar (m) 

Motion smoothness (m/s3) 

Velocity (mm/s) 

Acceleration (mm/s ) 

Idle time (%) 

EoA (-) 

EoV (-) 

Energy of area (J/cm2) 

Energy of volume (J/cm3) 

Non-dominant hand 

Path length (m) 

Depth perception (m) 

Depth along Trocar (m) 

Motion smoothness (m/s ) 

Velocity (mm/s) 

Acceleration (mm/s2) 

Idle time (%) 

EoA ( - ) 

EoV ( - ) 

Energy of area (J/cm2) 

Energy of volume (J/cm ) 

Novice 

104.05 (107.90) 

0.36 (0.22) 

1.86 (1.95) 

1.46 (1.43) 

0.88 (0.79) 

16,761.75 (32,357.02) 

10.93 (3.11) 

14.87 (4.43) 

32.17 (12.82) 

0.067 (0.034) 

0.048 (0.025) 

12.30 (10.89) 

654.75 (493.83) 

1.57 (1.46) 

1.23 (1.07) 

0.81 (0.80) 

22,501.72 (47,262.41) 

10.80 (3.35) 

14.35 (4.13) 

36.51 (12.86) 

0.067 (0.031) 

0.051 (0.024) 

41.93 (21.86) 

1,632.04 (860.80) 

Intermediates 

68.34 (27.70) 

0.50 (0.25) 

1.30 (0.66) 

1.04 (0.50) 

0.70 (0.34) 

4,151.54 (3,410.55) 

10.52 (3.08) 

14.04 (4.12) 

37.82 (15.43) 

0.071 (0.029) 

0.052 (0.021) 

8.41 (3.35) 

450.17 (248.54) 

1.03 (0.45) 

0.82 (0.33) 

0.51 (0.22) 

4,475.39 (4,082.26) 

9.66 (2.05) 

12.72 (3.02) 

40.02(11.50) 

0.070 (0.017) 

0.054 (0.016) 

50.40 (24.66) 

2,094.15 (1,292.69) 

Expert 

55.14 (9.20) 

0.51 (0.26) 

1.15 (0.073) 

0.88 (0.05) 

0.60 (0.04) 

2,329.63 (779.66) 

12.97 (4.03) 

17.80 (6.01) 

29.20 (10.56) 

0.075 (0.005) 

0.050 (0.002) 

8.99 (3.57) 

441.33 (171.39) 

0.93 (0.24) 

0.70 (0.15) 

0.47 (0.08) 

2,488.92 (857.48) 

11.85 (5.89) 

15.58 (8.57) 

38.37 (17.01) 

0.075 (0.011) 

0.055 (0.008) 

45.98 (26.59) 

1,998.79 (1,266.42) 

Pñ 

0.702 

0.333 

0.887 

0.909 

0.925 

0.654 

0.331 

0.324 

0.243 

0.777 

0.987 

.922 

0.763 

0.925 

0.771 

0.983 

0.846 

0.834 

0.702 

0.889 

0.718 

0.982 

0.619 

0.772 

N-I 

0.657 

0.165 

1.000 

1.000 

0.912 

0.657 

0.579 

0.579 

0.291 

0.956 

0.824 

0.868 

0.470 

0.781 

0.617 

0.912 

0.697 

0.505 

0.374 

0.560 

0.912 

0.868 

0.345 

0.505 

I-E 

0.364 

0.809 

0.904 

0.904 

0.904 

0.304 

0.164 

0.146 

0.116 

0.397 

0.739 

0.672 

0.856 

0.952 

0.628 

0.856 

0.586 

0.952 

0.904 

0.928 

0.304 

0.809 

0.586 

0.904 

N-E 

0.817 

0.247 

0.355 

0.418 

0.418 

0.817 

0.298 

0.355 

0.728 

0.817 

0.817 

0.908 

0.643 

0.643 

0.563 

1.000 

0.908 

0.817 

0.643 

0.908 

1.000 

1.000 

0.817 

0.563 

a Kruskal-Wallis test for differences across the three groups; significant at p < 0.05 (bold) 

Mann-Whitney U test for differences between pair of groups; significant at p < 0.05 (bold) 

Table 5 Results of motion metrics for pattern cutting task; mean score (SD) and p values 

Metrics 

Time (s) 

Path length (m) 

Depth perception (m) 

Depth along Trocar (m) 

Motion smoothness (m/s3) 

Velocity (mm/s) 

Acceleration (mm/s ) 

Idle time (%) 

EoA (-) 

EoV (-) 

Energy of area (J/cm2) 

Energy of volume (J/cm3) 

Novice 

339.54 (142.24) 

4.03 (1.64) 

3.19 (1.29) 

1.59 (0.38) 

144,905.75 (143,100.17) 

5.75 (1.23) 

8.11 (1.91) 

63.24 (10.40) 

0.019 (0.004) 

0.019 (0.005) 

65.21 (22.83) 

1,649.97 (489.23) 

Intermediates 

217.66 (92.47) 

3.32 (1.78) 

2.64 (1.40) 

1.60 (0.85) 

50,841.02 (3,8516.51) 

6.58 (1.31) 

9.35 (1.79) 

56.86 (10.52) 

0.024 (0.008) 

0.022 (0.007) 

48.03 (26.25) 

1,846.15 (1,548.62) 

Expert 

78.01 (19.51) 

1.24 (0.44) 

1.02 (0.33) 

0.70 (0.16) 

5,248.34 (4,202.15) 

6.28 (0.92) 

8.81 (1.54) 

59.60 (14.03) 

0.046 (0.007) 

0.038 (0.004) 

24.23 (4.11) 

1,382.34 (545.46) 

P* 

0.001 

0.005 

0.004 

0.013 

0.001 

0.473 

0.476 

0.372 

0.002 

0.004 

0.002 

0.755 

N-I 

0.039 

0.266 

0.266 

0.589 

0.028 

0.266 

0.240 

.153 

0.266 

0.391 

0.045 

0.576 

I-E 

0.001 

0.004 

0.003 

0.011 

0.002 

0.906 

0.611 

0.667 

0.001 

0.003 

0.005 

0.845 

N-E 

0.004 

0.004 

0.004 

0.004 

0.004 

0.291 

0.570 

0.570 

0.004 

0.004 

0.004 

0.465 

a Kruskal-Wallis test for differences across the three groups; significant at p < 0.05 (bold) 
b Mann-Whitney U test for differences between pair of groups; significant at p < 0.05 (bold) 



Table 6 Results of motion metrics for intracorporeal knot suture task; mean score (SD) and p values 

Metrics 

Time (s) 

Bimanual dexterity (-) 

Dominant hand 

Path length (m) 

Depth perception (m) 

Depth along Trocar (m) 

Motion smoothness (m/s3) 

Velocity (mm/s) 

Acceleration (mm/s ) 

Idle time (%) 

EoA (-) 

EoV (-) 

Energy of area (J/cm2) 

Energy of volume (J/cm3) 

Non-dominant hand 

Path length (m) 

Depth perception (m) 

Depth along Trocar (m) 

Motion smoothness (m/s ) 

Velocity (mm/s) 

Acceleration (mm/s2) 

Idle time (%) 

EoA (-) 

EoV (-) 

Energy of area (J/cm2) 

Energy of volume (J/cm ) 

Novice 

480.82 (111.16) 

0.31 (0.10) 

7.77 (2.92) 

6.26 (2.44) 

4.07 (1.58) 

192,767.83 (99,360.95) 

8.29 (1.52) 

11.67 (2.31) 

43.03 (9.15) 

0.010 (0.002) 

0.009 (0.001) 

64.03 (23.22) 

2,107.92 (685.23) 

7.69 (1.91) 

5.91 (1.32) 

3.96 (1.09) 

198, 179.84 (100,571.13) 

8.14 (1.08) 

11.61 (1.73) 

41.87 (9.79) 

0.010 (0.002) 

0.008 (0.001) 

136.57 (64.30) 

3,947.58 (1,537.08) 

Intermediates 

217.74 (81.92) 

0.46 (0.12) 

3.71 (1.73) 

2.96 (1.37) 

1.90 (0.90) 

41,852.98 (27,443.09) 

8.69 (1.44) 

12.32 (2.25) 

39.04 (8.20) 

0.022 (0.008) 

0.019 (0.007) 

28.22 (16.08) 

1,151.61 (703.78) 

3.55 (1.39) 

2.82 (1.09) 

1.80 (0.67) 

42,709.35 (28,268.50) 

8.48 (1.40) 

12.10 (2.32) 

39.05 (6.79) 

0.020 (0.006) 

0.018 (0.006) 

74.39 (34.18) 

2,455.56 (1,222.20) 

Expert 

92.82 (20.68) 

0.71 (0.12) 

1.47 (0.35) 

1.14 (0.27) 

0.73 (0.17) 

6,710.23 (2,640.61) 

8.91 (1.21) 

12.15 (1.95) 

38.12 (8.04) 

0.043 (0.008) 

0.035 (0.006) 

15.66 (5.94) 

962.93 (437.95) 

1.54 (0.49) 

1.24 (0.42) 

0.82 (0.26) 

6,689.45 (2,618.70) 

9.79 (1.82) 

13.68 (2.58) 

32.56 (7.34) 

0.036(0.011) 

0.033 (0.009) 

58.01 (19.30) 

2,243.06 (1,025.75) 

Pñ 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.707 

0.829 

0.767 

0.000 

0.000 

0.000 

0.005 

0.000 

0.000 

0.000 

0.000 

0.125 

0.262 

0.101 

0.000 

0.000 

0.007 

0.039 

N-I 

0.000 

0.005 

0.000 

0.000 

0.000 

0.000 

0.647 

0.535 

0.435 

0.000 

0.000 

0.001 

0.005 

0.000 

0.000 

0.000 

0.000 

0.726 

0.609 

0.435 

0.000 

0.000 

0.009 

0.025 

I-E 

0.000 

0.001 

0.001 

0.001 

0.001 

0.000 

0.775 

0.824 

0.924 

0.001 

0.001 

0.061 

0.757 

0.002 

0.001 

0.002 

0.000 

0.120 

0.216 

0.039 

0.003 

0.003 

0.266 

0.634 

N-E 

0.001 

0.001 

0.001 

0.001 

0.001 

0.001 

0.315 

0.791 

0.711 

0.001 

0.001 

0.001 

0.004 

0.001 

0.001 

0.001 

0.001 

0.030 

0.101 

0.125 

0.001 

0.001 

0.007 

0.030 

a Kruskal-Wallis test for differences across the three groups; significant at p < 0.05 (bold) 

Mann-Whitney U test for differences between pair of groups; significant at p < 0.05 (bold) 

in only three metrics: time, motion smoothness, and energy 
of area. Between the I-E and N-E groups, significant dif
ferences were found in eight metrics: time, path length, 
depth perception, depth along trocar, motion smoothness, 
economy of area, economy of volume, and energy of area. 

In the intracorporeal knot suture task, ten metrics 
showed statistical significant differences between the three 
different groups: time, bimanual dexterity, path length, 
depth perception, depth along trocar, motion smoothness, 
economy of area, economy of volume, energy of area, and 
energy of volume (Table 6). The results of N-I and N-E 
groups demonstrated statistical differences in almost all 
metrics. The results of I-E showed statistical differences in 
9 of the 13 metrics: time, bimanual dexterity, path length, 
depth perception, depth along trocar, motion smoothness, 
idle time (only for non-dominant hand), economy of area, 
and economy of volume. 

Analysis of Cronbach's a showed that five metrics 
presented high values of reliability: time, path length, depth 
along trocar for dominant hand, depth perception, and 

motion smoothness for both hands (Table 7). In particular, 
motion smoothness presented a strong independence 
toward the tasks. Other metrics such as economy of area, 
economy of volume for dominant hand, path length, and 
depth along trocar for non-dominant hand presented med
ium values of reliability, without reaching the pre-estab
lished threshold. On the other hand, bimanual dexterity, 
velocity, acceleration, energy of volume for dominant 
hand, idle time, energy of area, and energy of volume for 
non-dominant hand showed lower values of reliability, 
which can be considered more dependent on tasks than 
other metrics. 

Discussion 

Surgical residency programs are increasingly focused on 
training and objective assessment of psychomotor skills of 
their trainees in the field of laparoscopic surgery. Laparo
scopic simulators are effective tools for improvement of 



Table 7 Cronbach's alpha test results for all metrics between the 
different tasks 

Metrics Reliability a 

Time 

Bimanual dexterity 

Dominant hand 

Path length 

Depth perception 

Depth along trocar 

Motion smoothness 

Velocity 

Acceleration 

Idle time 

EoA 

EoV 

Energy of area 

Energy of volume 

Non-dominant hand 

Path length 

Depth perception 

Depth along trocar 

Motion smoothness 

Velocity 

Acceleration 

Idle time 

EoA 

EoV 

Energy of area 

Energy of volume 

0.788 

0.228 

0.741 

0.740 

0.719 

0.830 

0.376 

0.244 

0.421 

0.682 

0.630 

0.595 

0.233 

0.698 

0.714 

0.692 

0.859 

0.541 

0.520 

0.075 

0.482 

0.475 

0.384 

0.254 

Bold indicates reliability at a > 0.7 level 

laparoscopic technical skills of the surgeons under a safe 
learning environment for the practice before performing in 
the operating room. However, a validation study of the 
simulators is always important to determine its capacities 
for training and objective assessment of the surgeons' 
performance with different levels of experience. 

The purpose of this study was to validate face, content, 
and construct of the EndoViS training system and deter
mine the internal consistency of the motion-related metrics 
used in four skill tasks. The results of face and content 
validity showed overall positive scores. The participants 
considered all the items of the EndoViS training system 
from good to excellent, in particular for its overall func
tionality. The statement of realism/imitation of the cavity 
obtained acceptable scores above of 3. This outcome might 
reside in the limited familiarity by participants to the 
simulators and the lack of comparison with other training 
systems. 

For its training capacities, the EndoViS system was 
considered by all participants as a useful tool for 

developing of the hand-eye coordination, depth perception, 
and training basic endoscope procedures, rating above of 4 
on the 5-point Likert scale. The skill tasks also obtained 
high mean scores, rated above of 4. According to the 
results, all participants agreed with the usefulness and 
degree of difficulty that presented of the tasks selected for 
this study. In our study, the four skill tasks were chosen for 
two main reasons: (1) these tasks are well validated in 
many clinical studies [35—41], and (2) they contain lapa
roscopic skills and techniques that are usually present in 
many laparoscopic procedures 

The results of the construct validity demonstrated that 
there are statistically significant differences in the execu
tion of the tasks performed by participants with different 
levels of experience. The peg transfer task showed sig
nificant differences between novices, intermediates and 
experts in almost all the metrics. Similar results in the 
performance were found when comparing the group of 
novices with the group of experts and when comparing the 
intermediates with experts. Comparing the group of the 
novices with intermediates showed statistically significant 
differences in 6 of 13 metrics. In this task, we observed that 
although this task is simple to perform, the peg transfer 
shows its utility to differentiate performance between sur
geons with different skill levels. 

In the pattern cutting task, the handling of the scissors 
with the dominant hand was analyzed. Statistical signifi
cant differences between the three different skill levels 
were found for eight metrics. The group of novices vs 
experts and the group of intermediates versus experts 
obtained significant differences in their performance for 
eight metrics. Significant differences were found only for 
three metrics when comparing the group of novices with 
intermediates. Although only the dominant hand was ana
lyzed in the study, the cutting task required coordination of 
both hands. During all trials, a grasper was used in the non-
dominant hand to apply traction while the scissors, con
trolled by the dominant hand, cut the circle at a suitable 
angle and precision. 

The intracorporeal knot suture task showed significant 
differences between the three skill levels of experience in 
10 of 13 metrics. This task, in particular, showed better 
results and its potential in the evaluation of the perfor
mance between the three pairs of groups than the previous 
tasks. The group of novices versus intermediates and the 
group of novices versus experts showed statistical sig
nificant differences in ten metrics, while the group of 
intermediates versus experts showed significant differ
ences in nine metrics. These results might be due to 
laparoscopic suturing and knot tying requiring complex 
movements and a similar dexterity in both hands that only 
intermediate surgeons and experienced surgeons 
dominate. 



The rubber band task did not show any statistical dif
ference between the three skill levels of experience and the 
pairs of groups. We believe that a possible reason for this 
may be due to the fact that each participant proposed their 
own strategy to stretch the elastic band into the plastic 
poles during development of the task. However, further 
studies of this task are needed to explain these findings. 

In general, we found that metrics such as time, path 
length, depth perception, and motion smoothness are good 
parameters for assessment of the performance with Endo
ViS training system. These metrics have already been 
validated in previous studies [25, 33, 34, 36]. They also 
showed high reliability levels with an important degree of 
independence to the performed tasks. Motion smoothness 
presented the highest internal consistency and was con
sidered the most independent to the skill tasks of all the 
metrics. A possible reason for these results may reside in 
the motion data processing of this training system. EndoViS 
system does not apply a post-filtering stage to the data that 
could dampen and lose information about the jerky 
movements of the instrument. Other metrics as economy of 
area and economy of volume showed moderate consistency 
levels, without reaching the desired value of reliability. 
Nevertheless, they proved certain utility for the evaluation 
of spatial dominion of the workspace using the different 
tasks. Moreover, metrics as bimanual dexterity, velocity, 
acceleration, and idle time showed the lowest reliability 
levels, proving them to be the most dependent on the 
performed tasks. 

In this study, three new assessment motion-based met
rics were introduced: depth along trocar, energy of area, 
and energy of volume. Depth along trocar researches a new 
aspect about depth information for skills assessment of the 
surgeons and is defined as the Euclidean distance between 
the coordinate of the trocars and the coordinate of the 
laparoscopic instruments tip in three-dimensional space. 
This new metric showed promising results of the construct 
validity and proved its usefulness as an evaluation metric 
of depth perception. Analysis of its reliability demonstrated 
high consistency levels and a high degree of independence 
toward the different tasks. Energy of area and energy of 
volume are designed to quantify the energy inverted by the 
surgeon with the instrument within the working space. 
Both metrics showed few significant differences and low 
internal consistencies during the study. Although further 
studies are needed to find out whether these new metrics 
are valid for other tasks, energy of area and energy of 
volume were useful in tasks requiring transfer, laparo
scopic suturing, and knotting. 

Finally, the current study demonstrated that the EndoViS 
training system was able to differentiate among partici
pants of varying laparoscopic experience. The validation 
study showed the capacities of EndoViS and its usefulness 

as a training and objective assessment tool of psychomotor 
skills. EndoViS training system, based on computer vision 
techniques, offers a non-obstructive solution for tracking 
and analyzing the motions of laparoscopic instruments 
without altering the performance of the surgeons. Fur
thermore, due to the portability offered by the system, 
EndoViS could be included in surgical training programs 
for continuous education of future surgeons and in the 
selection of the best candidates for surgical training. 
Improvements of EndoViS system, such as design, tracking 
of more than two laparoscopic instruments simultaneously, 
exploration and automatic computation of motion metrics 
for evaluate the performance, and more skill tasks, will be 
evaluated and implemented in future studies. 

Conclusion 

The EndoViS training system has been presented and suc
cessfully validated: face, content, and construct validity. 
The participants of this study considered the EndoViS 
system as a useful tool for training basic laparoscopic skills 
as hand-eye coordination and depth perception. The results 
of the construct validity demonstrated the capacities of the 
EndoViS to differentiate performance between novice, 
intermediates, and expert groups. Significant differences 
were found in three of the four skills tasks and in most of 
the evaluated motion-based metrics. EndoViS training 
system provides a non-obstructive alternative to the tradi
tional tracking systems and a reliable method to capture 
and analyze the motion of surgical instruments for objec
tive assessment of the laparoscopic skills. This simulator 
has a great potential for surgical training programs as an 
effective training tool and continuous learning of surgical 
skills of future laparoscopic surgeons. Further research will 
be conducted using new motion metrics and skill tasks. 
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