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Abstract

Background: Virtual reality simulators may be invalu-
able in training and assessing future endoscopic sur-
geons. The purpose of this study was to investigate if the
results of a training session reflect the actual skill of the
trainee who is being assessed and thereby establish
construct validity for the LapSim virtual reality simu-
lator (Surgical Science Ltd., Gothenburg, Sweden).
Methods.: Forty-eight subjects were assigned to one of
three groups: 16 novices (0 endoscopic procedures), 16
surgical residents in training (> 10 but < 100 endoscopic
procedures), and 16 experienced endoscopic surgeons
(> 100 endoscopic procedures). Performance was mea-
sured by a relative scoring system that combines single
parameters measured by the computer.

Results: The higher the level of endoscopic experience of
a participant, the higher the score. Experienced surgeons
and surgical residents in training showed statistically
significant higher scores than novices for both overall
score and efficiency, speed, and precision parameters.
Conclusions: Our results show that performance of the
various tasks on the simulator corresponds to the
respective level of endoscopic experience in our research
population. This study demonstrates construct validity
for the LapSim virtual reality simulator. It thus mea-
sures relevant skills and can be integrated in an endo-
scopic training and assessment program.
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The technological revolution of endoscopic surgery has
posed new challenges in surgical education. The skill set
required for endoscopic surgery is different from the
skill set required for traditional “open’ surgery because
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of the different operating environment. Endoscopic
surgery requires three-dimensional orientation in a two-
dimensional representation of the operating scene, as
well as handling of endoscopic instruments [5, 8, 9].
Although endoscopic skills can be developed in the
operating room successfully, it may not be the most
appropriate or efficient environment to acquire such
skills, given the steep learning curve that surgeons
experience [1, 7, 11, 12]. Furthermore, financial and
ethical issues and limited residential work hours impose
a need to provide technical skill training in laboratory
setting.

For the purpose of developing endoscopic skills,
virtual reality (VR) simulators have been developed.
A unique advantage of VR simulators is that they are
both a training tool and an assessment device. During
training objective measurements of performance are
registered by the VR simulator and stored in its data-
base. The database, in turn, provides the trainer or
assessor with factual information on trainee perfor-
mance status, without the need of being physically
present.

Before simulator implementation in the surgical
curriculum, systematic objective validation is required.
The first step in objective validation is establishing “‘face
validity.” Face validity is the degree of resemblance
between the concept instrument, the VR simulator, and
the actual construct, psychomotor training, as perceived
by a specific (target) population (surgeons and trainees)
[2, 14]. Face validity is established by measuring the
degree to which surgeons and trainees believe in the
purpose and merits of the simulation environment. After
having established face validity for the simulator, the
simulator must be tested for its “construct validity,” the
degree to which the results of the “training session’ as
performed by the trainee on the simulator reflect the
actual skill of the trainee who is being assessed [2, 14].

The notion of incorporating virtual reality training
into the surgical curriculum has been suggested only
recently and therefore validation testing for simulation
concepts is a very recent development [3, 4, 6, 10, 13-17].
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For the LapSim VR simulator (Surgical Science Ltd.,
Goteburg, Sweden), construct validity has been tested in
three separate studies that used different methodology
and yielded different results [3, 4, 16].

The purpose of this study therefore was to establish
construct validity for the LapSim virtual reality simu-
lator.

Materials and methods

Participants

There were 48 participants in this study. Each participant was assigned
to one of three groups depending on their level of experience in
endoscopic surgery. Group 1 consisted of 16 student interns lacking
any form of endoscopic surgical experience. Group 2 consisted of 16
surgical residents in training who had performed more than 10 but less
than 100 endoscopic procedures. Group 3 consisted of 16 experienced
endoscopic surgeons who had performed more than 100 procedures.
None of the participants has had any prior experience with the VR
simulator.

Apparatus and tasks

The LapSim VR simulator uses the Virtual Laparoscopic Interface
(VLI) hardware (Immersion Inc., San Jose, CA, USA), which includes
a jig with two endoscopic handles. The VLI interfaces with a 2600-
MHz hyperthreading processor Pentium IV computer running Win-
dows XP and is equipped with 256 RAM, a GeForce graphics card,
and a 18-in. TFT monitor.

The system features LapSim Basic Skills 2.5 software (Surgical
Science Ltd., Goteburg, Sweden), from the LapSim Basic Skills
package, consisting of eight tasks. The knot-tying task, in our opinion,
does not represent the actual procedure. Therefore, the following seven
tasks were selected and were the objects of study: camera navigation,
instrument navigation, coordination, grasping, lifting and grasping,
cutting, and clipping and cutting.

Tasks

A description of each of the selected tasks and the test by which the
skill of the participants was assessed is defined below. In addition, the
parameters measured and registered from each training session are
described as indicative of the participant’s skill in a particular task. The
ability of a participant to successfully execute the selected tasks within
a reasonable time frame while causing as little tissue damage as pos-
sible was measured as the total number of events causing damage (#)
and maximum depth of damage (mm).

The camera navigation module’s purpose is to train the user to
navigate a scopic camera by finding and focusing on a number of balls
that appear at random in a virtual environment. The size and number
of balls and the time and pattern of appearance can be varied. In
addition, the camera angle (30°), field-of-view, and zoom size can be
adjusted. Parameters measured are time, misses, drift, trajectory and
angular path of the camera, and tissue damage (total times and max-
imum depth).

The instrument navigation module’s objective is to accustom the
user to maneuvering and positioning endoscopic instruments. A
number of balls appear in the virtual environment and have to be
touched by two endoscopic instruments (one controlled with the right
hand and one with the left hand). Number and size of the balls and
time and pattern of appearance can be varied. Camera position can be
rotated and put into motion. Assessed parameters are left and right
instrument time, misses, pathlength and angular path, and tissue
damage (total times and maximum depth).

The coordination module combines the instrument and camera
navigation modules and consequently mimics the situation in diag-
nostic laparoscopy. One hand holds the camera, the other holds an

Table 1. Parameters per group

Speed Efficiency Precision

Time (s) Path (m) Tissue damage (n)
(instrument) misses (%) Angular path (°) Maximum damage (mm)
Stretch damage (%)
Incomplete areas (n)
Bad clips (n)
Dropped clips (n)
Blood loss (L)

instrument. Virtual balls appear randomly and have to be found by the
camera, picked up with the instrument, and delivered in a target area.
The difficulty can be varied according to the instrument and camera
navigation modules.

The grasping module teaches the user to grasp, position, and
navigate an object using a grasper. An appendix-shaped object has to
be grasped, stretched until it releases, and positioned into a target area,
while alternating the right and left instruments. Object number, size,
timeout, and placement can be changed. The target size is variable as
well. Camera options can be varied according to the instrument nav-
igation module. Parameters measured are the same as those in the
coordination module.

The lifting and grasping module aims at training bimanual han-
dling. While lifting a box-shaped object, an underlying needle has to be
grasped and moved to a target area. Camera, object, and target con-
figurations can be varied as in the other modules.

Parameters are the same as described for instrument navigation.

The cutting module focuses on grasping and handling an object
with care and cutting it using ultrasonic scissors. After grasping and
stretching a vessel, which will be torn off and hemorrhage if not
handled with care, a colored area appears on the vessel. This has to be
grasped and burned using a foot pedal. The excised segment then has
to be moved to a target area. Number, size, and timeout of the seg-
ments and stretch sensitivity of the vessel can be adjusted. Rip and
drop failure are two additional parameters measured as compared to
the aforementioned modules.

Training

Three programs were designed with increasing level of difficulty:
beginner, intermediate, and advanced. The easiest level was the man-
ufacturer’s default settings. The configuration of the adjustable options
in the advanced level are challenging even for experienced endoscopic
surgeons (> 100 endoscopic procedures). Objects are smaller, have
time restraints, and the camera view can be unstable or based on a 30°
view. The adjustable options of the intermediate level were configured
between the configuration of the beginner and that of the advanced
level. After one familiarization run, which includes all of the selected
tasks on all three levels, to get acquainted with the software, the actual
formal training session was started. The participants started with the
easiest task and ended with the most challenging task.

Assessment

There were 178 different parameters measured in total, as discussed in
the Material and methods section. The participants were ranked by
score for each of the 178 parameters. The scores on these different
parameters were stored per participant. A ranking for all parameters
was conducted by classifying the scores of individual trainees in the top
25% (first quartile), the mean 50% (second and third quartile), or the
bottom 25% (fourth quartile) If the score of a participant ranked in the
first quartile, he or she was awarded 2 points; if the participant score
ranked in the second and third quartile, he or she was awarded 1 point.
The participant did not receive any points for ending in the fourth
quartile. Consequently, the maximum score any participant could
achieve was 365 points (2 x 178).

The parameters were clustered into three categories (Table 1):
speed, efficiency of instrument handling, and precision/accuracy.
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Fig. 1. Boxplot of total scores by the three groups.
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Fig. 2. Boxplot of efficiency scores by the three groups.

Evaluation

All training tasks were evaluated for each level of difficulty (beginner,
intermediate, advanced) and for their respective level of difficulty. Data
analysis was done using SPSS v12.0 (SPSS, Inc., Chicago, IL). The
one-way analysis of variance (ANOVA) with post hoc Tukey-Bonfer-
roni test was used to determine differences in mean scores between the
three groups where a p < 0.05 was considered statistically significant.

Results

We found that in general the higher the level of endo-
scopic experience of a participant, the higher the score.
The differences between the groups are demonstrated at
all three levels (beginner, intermediate, and advanced).
At the advanced level the scores are most explicit and
are therefore set out below.

Experienced surgeons (group 3) and surgical resi-
dents in training (group 2) showed statistically signifi-
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Fig. 4. Boxplot of precision scores by the three groups.

cant higher scores (p < 0.00, p < 0.00) than novices
(group 1) (Fig. 1), although the differences between the
residents and the surgeons were not statistically signifi-
cant (p £ 0.13). Nevertheless, a trend in favor of group
3 was demonstrated.

The scores for efficiency, speed, and precision
(Figs. 2, 3, and 4) are consistent with the overall score.
Surgeons and residents demonstrate a higher score for
parameters of efficiency (p < 0.000, p < 0.000), speed
(» £ 0.000, p < 0.000), and precision (p < 0.000,
p < 0.010) than the inexperienced novices. The sur-
geons achieve higher scores than residents for all three
parameters, although the differences are not statistically
significant (efficiency, p < 0.295; speed, p < 0.396;
precision; p < 0.275).

The standard deviation of all the scores is lowest in
the group of surgeons, indicative of a smaller variability
in outcome between participants in group 3 or a con-
sistent experience level (Table 2).
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Table 2. Means

Speed Efficiency Precision Total
Group N Mean SD Mean SD Mean SD Mean SD
1 16 30.4 9.04 55.31 20.72 60.75 18.55 147.81 40.99
2 16 51.56 10.37 85 17.15 76.63 13.98 214.63 30.09
3 16 56.63 8.51 96.5 19.77 85.44 9.4 239.56 29.53
Total 48 46.38 14.48 78.94 25.75 74.27 17.52 200.67 51.34

N = number of participants; SD = standard deviation
Discussion

This study demonstrates that the LapSim virtual reality
simulator discriminates among participants of different
endoscopic surgical experience, although the study has
not tested the full range of skills and knowledge required
to perform all varieties of endoscopic surgery. Specific
objective end parameters (Table 2) that measure psy-
chomotor skills were chosen as indicators for estimating
actual endoscopic performance.

Establishing construct validity reflects the degree of
empirical foundation of a concept instrument, e.g., the
simulator [2, 14]. In practice, this is often established by
measuring a logical difference in outcome between re-
search populations with different levels of experience on
a specific task of interest. Multiple studies have been
conducted to validate different virtual reality systems as
tools for training surgeons in endoscopic surgery skills
[3, 4, 6, 10, 13-17]. These studies demonstrated con-
struct validity for these systems. With regard to the
relatively new LapSim virtual reality simulator, con-
struct validity was investigated in three independent and
separate studies [3, 4, 16].

Eriksen et al. [4] compared only two groups of sur-
geons: Group 1 (experienced) (>100 procedures,
N = 10) and Group 2 (inexperienced) ( < 10 procedures,
N = 14). Both groups performed all seven basic skills at
an intermediate level, where the settings were configured
to be challenging for an intermediate experienced
endoscopic surgeon (>30 and <50 procedures). The
parameters were analyzed separately. Time and effi-
ciency parameters demonstrated statistically significant
differences for all tasks. No statistically significant dif-
ference could be demonstrated for several of the error
scores, in contrast with the present study. Residents and
experts gained statistically significant higher scores for
the combined error scores. The authors suggest that ei-
ther small study size or poorly defined difficulty con-
figurations were the cause of making these parameters
nonvalid measures for surgical performance. These
parameters could have been statistically significant if
they had been combined into a similar relative scoring
system as designed in the present study, or if they were
linked to time for completion, as demonstrated by the
“time-error” score of Sherman et al. [16]. Sherman et al.
[16] demonstrated construct validity based on formulas
that calculate a time-error score and a motion score. A
total of 24 participants in three groups (7 naive partic-
ipants with no endoscopic surgical experience, 10 juniors
with experience in <25 endoscopic procedures, and 7
experts with experience in > 50 endoscopic procedures)

completed a training session of three tasks with
increasing difficulty. The tasks were grasping, cutting,
and clip applyication. The authors argue that time is not
the exclusive indicator for a correct completion of a
task. Consequently, they used time-error scores, which
take both the time to complete a task and task-specific
penalties into consideration. The results demonstrated
statistically significant differences between the groups of
participants for both scores. The task-specific scores, as
constructed by Sherman et al. [16], are similar to our
precision scores. In our study the standard deviation of
the parameter “precision’” shows the largest variability
between the groups, e.g., novices to experts (18.5 vs.
9.5). Experts therefore appear to be more consistent in
their performance than novices. Our results support the
statement that accuracy is a concept that might not be
addressed enough by the standard outcome parameters
that are generated by the simulator. The parameter
“speed” is both easy to measure and, in general,
appealing to participants. Participants tend to prefer
fast completion of a task over accuracy.

A time-error score appears to be an improvement in
assessing performance compared with the standard
manufacturers’ end parameters.

The 54 participants in the study by Duffy et al. [3]
executed basic skills tasks, with criteria based on man-
ufacturer-recommended settings for individual exercises.
There was no scoring system used, consequently the
parameters were analyzed separately. Three groups of
participants—junior residents (novices), senior residents
(intermediates), and experts (surgeons)—were com-
pared. Only a few parameters measured could discrim-
inate between novices and experts.

The lack of a comprehensive scoring system, as de-
signed for our study, limits the possibilities of demon-
strating differences in performance between novices and
residents. The most complex task (suturing) showed the
most pronounced discrimination. A time-based analysis
for task completion discriminated statistically signifi-
cantly between novices and intermediates and between
intermediates and experts. The authors conclude that
their study demonstrated construct validity.

In our study the implementation of a scoring system
enabled us to further assess the aspects of performance.
Results demonstrate the importance of combining the
different parameters. The assessment parameters of the
simulator can be set according to individual preferences,
thus providing opportunities to adjust for desired com-
binations or outcome parameters.

Coalescence of parameters seems useful as a reliable
assessment of psychomotor skills. A combined scoring



system, set by experts, enables the creation of perfor-
mance benchmarks that must be achieved by residents
to achieve a predefined accreditation level.

Our results demonstrate that the registered perfor-
mance scores show statistically significant differences
between experts and residents vs. novices. Thus, in
accordance with earlier studies [3, 4, 16], our study proves
construct validity for the LapSim VR simulator. The
LapSim psychomotor VR trainer can therefore be re-
garded as further established and empirically grounded.

To measure overall simulator performance based on
these parameters, a relative scoring system was designed.
This scoring system classifies a participant’s perfor-
mance on each of the measured parameters in percen-
tiles and therefore relative to the overall research
population. Because of the different measurement units
of the parameters (seconds, millimeters, degrees), an
overall scoring system is required to enable related
parameters to be combined into one end score.

Limitations of the study

It must be stated that all three aforementioned studies,
as well as our study, lack a power calculation for the
group size. In retrospect, based on the results of time
scores in the study of Duffy et al. [3], with a power of 0.8
and alpha set at 0.005, the group size should have been
17 instead of the chosen 16 persons per group.

Conclusion

This study demonstrated contruct validity for the Lap-
Sim virtual reality simulator. Our results showed that
performance of the various tasks on the simulator in-
deed corresponds to the respective level of endoscopic
experience in our research population. Provided that the
other validation steps that need to be taken to complete
the simulator’s validation process are favorable, the
LapSim VR simulator may be invaluable in training
future endoscopic surgeons.
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