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Abstract

Background Virtual reality (VR) simulators have been
demonstrated to improve basic psychomotor skills in
endoscopic surgery. The exercise configuration settings
used for validation in studies published so far are default
settings or are based on the personal choice of the tutors.
The purpose of this study was to establish consensus on
exercise configurations and on a validated training program
for a virtual reality simulator, based on the experience of
international experts to set criterion levels to construct a
proficiency-based training program.

Methods A consensus meeting was held with eight
European teams, all extensively experienced in using the
VR simulator. Construct validity of the training program
was tested by 20 experts and 60 novices. The data were
analyzed by using the ¢ test for equality of means.
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Results Consensus was achieved on training designs,
exercise configuration, and examination. Almost all exer-
cises (7/8) showed construct validity. In total, 50 of 94
parameters (53%) showed significant difference.
Conclusions A European, multicenter, validated, training
program was constructed according to the general
consensus of a large international team with extended
experience in virtual reality simulation. Therefore, a pro-
ficiency-based training program can be offered to training
centers that use this simulator for training in basic psy-
chomotor skills in endoscopic surgery.
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Since the late nineties virtual reality (VR) simulators have
been used to train residents in basic psychomotor skills for
endoscopic surgery. Several studies have demonstrated a
positive learning curve as well as improvement of skills in
the operating room after training on these types of simu-
lators [1-10]. Because these simulators allow accurate
assessment of these skills, they may be used to define a
skills level required for trainees to start surgical training in
the actual operating room. At this moment only one study
has been published on the development of an evidence-
based VR training program for technical skills before
progression into the operating room [11]. The optimal
introduction of a VR simulator into an evidence-based,
efficient, and cost-effective surgical skills curriculum is a
core issue and is still open for discussion.

The LapSim® VR simulator basic skills module consists
of nine psychomotor skill tasks. The end points relate to
execution time, instrument path, damage, and other adverse
effects. The training design can be adjusted for both
exercise configurations and for “pass or fail” outcomes
(assessment thresholds). The exercise configuration set-
tings and exercise programs used for validation of this
simulator in studies published so far are default settings or
based on personal choice of the tutors [11-17]. Before
claims about competency may be stated, consensus should
be established on the settings of these exercise configura-
tions and training programs. Second, such a training pro-
gram should be constructed with expert performance as the
guideline to define assessment thresholds.

The purpose of this study was to establish consensus on
exercise configurations and on a training program for the
LapSim® VR simulator, based on experience of interna-
tional experts. Furthermore, the training program based on
these configurations was validated to set criterion levels to
construct a proficiency-based training program.

Methods
Equipment and tasks

The LapSim virtual reality simulator uses the Virtual
Laparoscopic Interface (VLI) non-haptic-enhanced hard-
ware platform (Immersion Inc., San Jose, CA), which
includes a jig with two endoscopic handles. The VLI has an
interface with a 2,600-MHz hyperthreading processor
Pentium IV computer running Windows XP and is equip-
ped with 256 RAM, GeForce graphics card, and 18-inch
TFT monitor. The systems feature LapSim Basic Skills 3.0
software (Surgical Science Ltd, Goteburg, Sweden), from
the LapSim Basic Skills package, comprises nine tasks for
training basic psychomotor skills.

The computer stores and displays between 7 and 14
parameters of performance per task. These parameters are
either time-related parameters (s), error-related parameters
(e.g., tissue damage (mm and #), maximum stretch damage
(0-100%), instrument misses (#), badly placed and dropped
clips (#), blood loss (ml), rip failure (#), burn damage (#))
or efficiency of instrument handling-related (e.g., path
length (m), angular path degree (°) and drift (mm)). Time,
path length, and angular path degrees are measured for all
nine tasks. The other parameters are measured subject to
the nature of the task.

Training design and exercise configurations

To obtain an optimal structure for the training design and
optimal configurations, a 2-day consensus meeting was
organized hosting eight European teams, all extensively
experienced in using the LapSim® VR simulator in surgical
resident training programs. Participating centers to the
consensus meeting were: Karolinska Hospital, Stockholm,
Sweden; Glostrup Hospital, Copenhagen, Denmark; Sur-
gical Skills Centre, Dundee, Scotland; Sahlgrenska Uni-
versity Hospital, Goteborg, Sweden; St. Mary’s Hospital,
London, United Kingdom; University of Milan, Milan,
Italy; Cisanello Hospital, Pisa, Italy; University Medical
Center, Utrecht, the Netherlands.

A structured questionnaire was used to determine the
optimal training design (Table 1).

All experts proposed their personal exercise configura-
tions. Consensus on preferable configuration was estab-
lished by training and discussing all different configurations
during a testing day.

Expert performance
A time frame of 6 months was set to test a maximum of
five experts per center. The experts should at least have

performed more than 100 endoscopic procedures and per-
form advanced endoscopic surgical procedures themselves

Table 1 Questionnaire to determine training and examination design

Which exercises should be used?

Modules with different difficulty?

If, yes, how many?

Which level should be examination level?

Thresholds based on expert scores?

If yes, mean score or mean + 1 x SD, mean 4+ 2 x SD?
Maximum exposure time?

Should trainees pass exam once or more consecutive times?

Massed or distributive training?

SD standard deviation
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(i.e., not perform basic endoscopic procedures defined as
diagnostic laparoscopy, laparoscopic cholecystectomy, and
laparoscopic appendectomy only).

Every task was started with a try out, which is consid-
ered to be a familiarization run to get comfortable with the
simulator. Immediately after the familiarization run, a
second run was performed to measure performance on a
particular level. To avoid benefits resulting from immedi-
ate training, there had to be a break of 1 h between each
level tested per expert. The results of the second run of
experts were used to compare results of novices on the
same level, to test for construct validity.

Novice performance

Every level of difficulty was tested with 20 novices.
Because training on an easy or moderate level will lead to
experience, novices were tested on one level only. There-
fore, 60 novices were randomized, using the closed
envelop method, into a training group for easy (n = 20),
moderate (n = 20), or difficult (n = 20) levels. The nov-
ices—students or interns—had no previous experience
performing or assisting in endoscopic surgery and dis-
played serious interest in a surgical career. When a
parameter showed “construct validity” determined by a
significant difference between the mean value of the
experts and the mean value of the novice, this parameter
was used as a threshold for the examination module.

Statistical analysis

The data were analyzed using SPSS (Chicago, IL) version
12.0.1., with the ¢ test for equality of means. A power
analysis on the data of van Dongen et al. [16] show that
with a power of 0.8 and alpha set at 0.005, the sample size
should be at least 17. Therefore, a minimal group size of 20
was chosen.

Results
Consensus on training design

The results of the 2-day consensus meeting are shown in
this paragraph. In the “Discussion” section, the rationale
for the consensus protocol is described.

The proposed training program exists of eight basic skill
exercises on three different levels (easy, moderate, and
difficult) and the suturing task. It was agreed on that
trainees should start at the easy level, being tutored during
their first familiarization run. If any of the parameters in
this study show “construct validity,” these parameters will
be set as a threshold. Ultimately the “difficult level” of the
training program also will be the accreditation level.

Consensus on exercise configurations

In general, targets will become smaller, disappear faster, or
will be more vulnerable according to level of difficulty.
The complete training schedule is available upon request.

Construct validity and thresholds

Six of the centers provided data of a total of 20 experts
within the set timeframe of 6 months. The scores showed
significant difference between novices and experts, and
thus showing construct validity will be used as a threshold
during training and examination of residents. The threshold
is set at the mean score plus twice the standard deviation
(SD) of the experts’ scores. In total 50 of 94 parameters
(53%) showed significant difference between the expert
group and novice group scores in favor of the expert group.
Table 2 shows the P values of these repeating parameters
for which the experts perform better than novices. Time
shows construct validity for all tasks. Efficiency of move-
ment parameters validate in 18 of 32 cases (56%). A

Table 2 Significant parameters and P values of general parameters/task

Task Significant Time Path length Angular Tissue Maximum Misses
parameters/total parameters (L&R) (L&R) path (L&R) damage damage (L&R)
Camera navigation 217 0.000 0.3 0.3 0.2 0.2 0.000
Instrument navigation 7/10 0.0/0.0 0.13/0.08 0.5/0.4 0.0 0.0 0.0/0.0
Coordination 5/10 0.0 0.3/0.5 0.4/0.8 0.4 0.01 0.0
Grasping 6/10 0.0/0.0 0.5/0.4 1/0.3 0.01 0.04 0.0/0.0
Lift and grasp 7/9 0.0 0.04/0.2 0.0/0.0 0.05 0.06 0.0/0.0
Cutting 9/11 0.0 0.0/0.0 0.0/0.0 0.0 0.15 N.A.
Clip applying 7/10 0.0 0.6/0.03 0.8/0.02 N.A. 0.04 N.A.
Fine dissection 3/14 0.01 0.6/0.08 0.6/0.3 N.A. N.A. N.A.
Suturing 5/14 0.01 0.1/0.9 0.2/0.7 0.1 0.2 N.A.

(L&R) left and right; N.A. not applicable
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minority with 21 of 51 of the error scores validate (41%).
Column 2 of Table 2 also shows the number of significant
parameters in regard to the total number of parameters per
task. Time, path length, and angular path were measured
for every task. Tissue damage and maximum damage is
measured for all tasks except for clip applying and fine
dissection. The same accounts for misses, which also is not
applicable to the cutting and suturing tasks.

Consensus on examination

All of the sessions (easy, moderate, and difficult) are to be
trained up to threshold levels, based on the construct valid
expert scores. When failing in three consecutive runs in
any exercise, the trainee will be advised to continue to the
next exercise and try this particular exercise again later.
The trainees will have an official examination at the dif-
ficult level. The thresholds are based on the mean scores of
the experts plus twice the SD. The trainees should pass
these requirements twice. Of course the training sessions
should be organized according to logistic possibilities of
the training centers or hospitals, but distributed training is
preferred. A maximum exposure time of 45 min per
training session is advised. A training session will be
stopped after 45 min or after finishing a level with success.

The trainees should pass the exercises within one training
session; otherwise, they should perform the examination
again at another time. Residents in training should ideally
not be allowed to start with endoscopic surgery before
passing this virtual reality training curriculum.

Discussion

A European, multicenter, validated, training program was
constructed according to general consensus of a large
international team with extended experience in virtual
reality simulation.

Consensus on the training program

The LapSim® VR simulator is programmed with default
training settings by the manufacturer; if desirable these
settings can be adjusted according to buyer’s preference.
All training programs described in earlier studies are using
default settings or are based on personal choice [11-19].
The default settings tend to be unrealistic at the difficult
level [11]. The optimum training settings are not yet known
and therefore we organized a meeting with eight European
centers to reach consensus. These centers have all had
extensive experience with control of settings for the Lap-
Sim® Virtual Reality Simulator. This experience served as

the starting point to reach consensus on preferable exercise
configuration and training design.

All eight basic skills were planned to be implemented
into the training program, as well as the suturing task. It has
been discussed if suturing should actually be a part of a
basic skills training program. Although suturing can be
considered a more demanding task, novices should be
familiar with suturing before entering an operating room, to
be able to solve minor complications if necessary.

Three different levels (easy, moderate, and hard) of
difficulty were chosen to teach the residents the basic
psychomotor skills gradually. To provide an efficient
equipment familiarization, trainees should be properly
instructed during the first training sessions by a tutor.

All centers reported that consecutively failing of a par-
ticular training task is likely to result in heightened levels
of frustration among trainees. When failing a task three
times in succession, frustration levels appear to influence
the concentration level. Consequently, residents are to be
advised to stop training a specific task after failing this task
three times in a row.

A training session that exceeds 45 min in duration is
likely to result in a decrease in concentration and accuracy
and must be avoided. Furthermore, several studies have
shown that distributed training, with rest between training
sessions, is superior to massed training for obtaining psy-
chomotor skills [20, 21]. Although within every hospital or
training center training schedules will depend on local
possibilities, distributed training with sessions of 45 min is
advised. Moreover, a training session of the eight basic
skills exercises can be finished within this timeframe.

Construct validity and thresholds

As shown in Table 2, the time-related and efficiency of
instrument handling parameters very often show construct
validity. Apart from the fine dissection task, time does
always validate. The parameters that show efficiency of
instrument handling validate very often with 21 of 32
parameters (65%) showing construct. These particular
construct parameters are used to define the thresholds for a
proficiency-based training program.

The suturing task shows construct validity in only 5 of
14 parameters. Most likely this is due to a lack of realism
of the thread and the virtual tissue in this particular task.
Consequently, the suturing task of this simulator cannot be
considered as a validated training task assessing suturing
skills. In contrast to these result, Munz et al. showed that
there is transfer in skills from this suturing task to knot
tying in a box trainer [22]. Twenty participants completed a
correct knot compared with only five participants (25%)
before training the suturing task. Time to completion was
66% faster and knot quality was 45% better after training.
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Further research should be performed to show the benefit
of the virtual reality suturing task in training endoscopic
surgical skills.

The fine dissection task shows construct on a few
parameters. At the easy and moderate levels, time is the
only parameter that shows construct. Therefore, this exer-
cise should not be a component of the training program,
because it can be passed when performing very fast while
causing a lot of damage.

Consensus on examination

The most challenging exercises are those with levels set at
the most difficult level. Using this level, most parameters
show construct validity. One may conclude that passing a
test with parameter set at this level provides the best
chance on appropriate basic skills in real surgery. There-
fore, the difficult level is chosen as the accreditation level.

Schijven and Jakimowicz [23] have shown different
performance profiles of trainees in acquiring basic skills.
Some trainees need more training compared with others
and therefore proficiency-based training is preferred. This
means that residents should train until a preset level is
reached, showing this basic level of proficiency. In our
opinion the preset levels should be based on expert scores.
Attaining basic psychomotor skills at an expert level could
lead to shortened learning curves in patients. This, due to
the fact that residents have attained technical basic psy-
chomotor skills, combined with the fact that they might be
able to perform surgery at a more automated level because
they are less likely to “think” about their movements.
During training in the operating room, residents will be
able to focus on the procedure and decision making during
surgery, instead of focussing on their psychomotor skills.
Aggarwal et al. [24] bring up another advantage of an
examination based on expert scores. They state that the
confidence of residents in their own performance might be
increased, having the knowledge that they are at least able
to perform psychomotor skills at an expert level.

Trainees should show consistence in attained basic
psychomotor skills by passing the examination twice.
Passing the examination only once is more likely to be the
outcome of chance.

The authors are aware that this simulator trains and
measures trainees’ psychomotor skills solely. Because the
acquisition of psychomotor skills has shown to decrease the
learning curve in laparoscopic cholecystectomy [2, 10],
this is, in our opinion, the minimum of objective assess-
ment that should be performed before allowing residents to
be active surgical team member in the operating room.

Even though endpoint parameters are defined scientifi-
cally and the training program settings are chosen based on
consensus of international experts, this particular training
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program also should show predictive validity. Therefore, a
study should be commenced to assess whether this training
program predicts future performance and whether the
trained skills transfer to the operating room.

Conclusions

A multicentered, European, broad, training program was
constructed according to general consensus of eight Lap-
Sim® VR simulator user teams, who all had personal
experience in validating this simulator. The results of this
study define the parameters that can be utilized for the
benchmark criteria of a training program. Therefore, a
proficiency-based training program can be offered to
training centers that use this simulator for training basic
psychomotor skills in endoscopic surgery.
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