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Abstract

Background It is desirable that surgical trainees are pro-

ficient in basic laparoscopic motor skills (eye–hand

coordination). The present study evaluated the use of pre-

defined proficiency criteria on a basic virtual reality (VR)

simulator in preparation for a laparoscopic course on ani-

mal models.

Methods Twenty-eight surgical trainees who enrolled for a

basic laparoscopic course were trained on a basic (VR) sim-

ulator until their performance met predefined criteria. Two

different criteria were defined, based on the performance of

experienced laparoscopic surgeons on the simulator. In the

first group (n = 10), the criteria were set at the 75th percentile

of the laparoscopic surgeons’ performance on the simulator

and in the second group, at the 50th percentile (n = 18).

Training time and number of attempts needed until the per-

formance criteria were met were measured.

Results In the first group, training time needed to pass the

test ranged from 29 to 77 min (median: 63 min) with a

range of 43–90 attempts (median 61 attempts). In the

second group, training time ranged from 38 to 180 min

(median 80 min) with a range of 55–233 attempts (median

95 attempts). Experience with assisting or performing

laparoscopic procedures varied widely and was not corre-

lated with the training time and number of attempts needed

to pass the criteria.

Conclusions The performance criteria for training lapa-

roscopic motor skills on a (VR) simulator resulted in wide

variation between surgical trainees in time and number of

attempts needed to pass the criteria. This demands training

courses with a flexible time span tailored to the individual

level of the trainee.

Keywords Training � Education � Surgery �
Laparoscopic � Virtual reality � Simulation � Proficiency �
Criterion-based

Laparoscopic training courses have become important

education tools in the surgical curriculum. Their ultimate

aim is to reduce the learning curve of surgeons on actual

patients. Most courses take two or more days and consist of

lectures, laparoscopy videos and, most importantly, motor

skills training. Training of laparoscopic motor skills is a

central part of these courses.

VR trainers have become attractive and valuable tools to

train surgeons in a non-patient non-animal environment [1,

2] and proven effective in learning basic skills that can be

transferred to real procedures [3, 4]. In particular, the

automated assessment, feedback and unlimited use of

standardized tasks seem to offer advantages. However, due

to new working-hour directives of 80 h per week in the

USA and 48 h in Europe by 2011, training courses must

not only be effective but also efficient. The learning effect

should be maximal while using the least amount of time.
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Most training courses employ a fixed duration for training

while learning may be highly dependent on individual

characteristics such as innate ability, previous experience,

and motivation. In an optimal training course the available

training time should be tailored to the individual level of the

trainee. Therefore, proficiency of a given skill should depend

on passing a clear criterion rather than an arbitrary amount of

time or repetitions. Surgical society has only recently entered

the realm of criterion-based training. Standards on which to

define training endpoints are receiving attention [5] and

some studies indicated the benefits of using preset profi-

ciency criteria [6, 7]. Implementation of proficiency criteria

may allow trainees to reliably achieve maximal benefit while

minimizing unnecessary training [8]. However, the practical

consequences of using such endpoints on course design and

time schedule are unclear.

The aim of the present study was to assess the conse-

quences of a criterion-based training program to train basic

laparoscopic surgery skills using a VR simulator.

Two different proficiency criteria levels, based on the

performance of experienced laparoscopic surgeons, were

applied to train eye–hand coordination: easy versus difficult.

The feasibility, usefulness, and challenge of these levels were

evaluated. The potential consequences and difficulties of

defining performance criteria for VR simulators for the pur-

pose of recruitment, selection, and licensing are discussed.

Methods

In 2006, all the surgical trainees who enrolled for the basic

laparoscopic skills course in Rotterdam (Skills Centre, Eras-

mus Medical Centre Rotterdam, The Netherlands) were

required to achieve an expert-based proficiency criterion on a

VR simulator prior to embarking on animal models. Trainees

were allowed to train as long as they needed in their spare time

until the proficiency criterion was reached. Training took

place within 2 weeks prior to the training on the animal model.

The SIMENDO� endoscopic simulator (Delltatech,

Delft, the Netherlands) was used. This basic simulator aims

specifically at eye–hand coordination training applicable to

laparoscopic surgery and employs abstract tasks without

force feedback [9]. The cost of the simulator hardware

and software was about 9,000 EUR, excluding the desktop

computer. Six tasks were selected from the simulator

software SimSoft 1.0 (Delltatech, Delft, the Netherlands)

Table 1 Tasks description and

results of the two groups with

different proficiency criteria

levels

a.u., arbitrary units
a Proficiency level in each

group

Task name Parameter Group 1

(75th percentilea)

Group 2

(50th percentilea)

I. Drop the balls (single instrument) Time (s) 21 17

Collision (number) 1 0

R path length (a.u.) 24 21

II. Drop the balls & endoscope Time (s) 23 18

Collision (number) 1 0

R path length (a.u.) 22 19.5

Endoscope movement (a.u.) 5.5 2.5

Camera aim (%) 75 75

III. Stretch (no misorientation) Time (s) 15 12

Collision (number) 1 0

R path length (a.u.) 11 9

L path length (a.u.) 13 11

IV. Stretch (90� misorientation) Time (s) 25 17

Collision (number) 1 0

R path length (a.u.) 20 14

L path length (a.u.) 18 13

V. Ring & needle Time (s) 33 28

Collision (number) 3 2

R path length (a.u.) 28 24

L path length (a.u.) 22 19.5

VI. 30� endoscope & pick and place Time (sec) 41 33

Collision (number) 1 0

R path length (a.u.) 65 61

Endoscope movement (a.u.) 30 23

Camera aim (%) 75 75
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(Table 1, Fig. 1). Measurement parameters were: time to

complete the task, collisions with the nontarget environ-

ment, instrument path length, and aiming the endoscope.

Correct aim was defined as the percentage of time that the

endoscope was centered on the tip of the laparoscopic

instrument. The proficiency levels were derived from pre-

vious work in which the same six tasks had been executed

by 15 experienced laparoscopic surgeons (more than 50

laparoscopic procedures performed) [10]. Our proficiency

criteria were based on the fifth repetition of the tasks.

Two different proficiency criteria levels were defined. In

the first group of ten trainees (group 1), the predefined

levels were set at the 75th percentile (easy) of the experts’

proficiency on the VR simulator. In the second group of 18

trainees (group 2), the 50th percentile or median (difficult)

was employed. Table 1 displays the values required for

each task. To pass the test the trainees had to continue

training until this level of proficiency was reached in three

consecutive repetitions. The total training time (including

breaks) and the number of attempts they needed to pass the

criteria was measured.

The trainees signed an informed consent to use the data

for scientific research and filled in a questionnaire about

their previous experience with laparoscopic surgery and

laboratory training. After successfully completing the

training on the VR simulator, all trainees answered seven

questions about the usefulness, feasibility, and challenge of

the training at their particular preset proficiency level.

Furthermore, they scored the degree of challenge on a scale

from 1 (none) to 10 (enormous).

Results

Table 2 shows the median number of attempts (and ranges)

needed to pass the preset level per task. The total number

of repetitions needed to pass the proficiency level also

varied widely between the individual trainees within each

groups. In the first group at the 75th percentile level of the

experts, the training time needed to pass the test ranged

from 29.4 to 77.1 min (median: 63.9 min) with a range of

43–90 attempts (median 61 attempts). In the second group

(50th percentile level), training time ranged from 37.8 to

179.9 min (median 80 min) with a range of 55–233

attempts (median 95 attempts). All the trainees accom-

plished the predefined criteria.

In group 1 (75th percentile), the fastest 25% of the

trainees needed fewer than ten repetitions to pass the cri-

teria for the 30� endoscope navigation and delicate needle-

handling tasks. The slowest 25% needed more than 15

repetitions. In group 2 (50th percentile), the fastest 25% of

the trainees needed fewer than 14 repetitions to pass the

Fig. 1 The six exercises and

descriptions from the VR

simulator, corresponding with

the names in Table 1
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two tasks compared to more than 25 repetitions in the

slowest 25% of the trainees in this group.

Experience with assisting with or performing endo-

scopic procedures (under supervision) and training in

laboratories varied widely between the trainees. Table 3

shows the characteristics and experience of the trainees.

Figure 2 shows the relationship between the number of

endoscopic procedures that the trainees assisted and the

number of attempts needed to pass the criteria. No statis-

tically significant correlation was found between these two

parameters in either of the groups. There was also no sig-

nificant correlation between the number of endoscopic

procedures performed under supervision by the trainees

and the number of attempts (Fig. 3). However, none of the

trainees who had performed more than two endoscopic

procedures needed more than 100 attempts.

The results of the questionnaire, filled in after the

training, are shown in Table 4. In the 75th percentile group

(group 1), three out of the ten participants stated that the

criteria were too easy (30%), whereas none of the partici-

pants in the 50th percentile group (group 2) found their

level was too easy. The two groups rated the challenge of

the training program with a score of 8.

Table 3 Characteristics of the

surgical trainees in groups 1 and

2

Group 1

(n = 10)

Group 2

(n = 18)

Male: female 10:0 12:6

Median age (range) 28.5 (28–30) 29.5 (26–32)

First year of surgical training (n) 5 7

Second year of training (n) 5 11

Previous experience

Lab training in a box or VR (n) 3 4

Median number of endoscopic procedures

Assisted 17.5 (5–40) 11 (1–150)

Partially performed 0.5 (0–8) 0 (0–10)

Completely performed 0 (0–6) 0.5 (0–15)

Table 2 Number of attempts

needed per task to reach the

proficiency level for each group

Group 1 (n = 10) and group 2

(n = 18)
a Proficiency level in each

group

Task description Group 1 (75th percentilea) Group 2 (50th percentilea)

Median attempts (range) Median attempts (range)

I. Drop the balls (single instrument) 9 (4–18) 17 (5–58)

II. Drop the balls & endoscope 7 (4–22) 13 (3–38)

III. Stretch (normal camera view) 9 (5–13) 11 (4–50)

IV. Stretch (difficult camera view) 6 (3–10) 13 (5–40)

V. Ring & needle 13 (5–38) 20 (6–88)

VI. 30� endoscope & pick and place 13 (7–22) 23 (10–46)

Total attempts 61 (34–90) 95 (55–233)

Fig. 2 Number of endoscopic procedures assisted and number of

attempts needed to achieve the predefined proficiency criteria for

group 1 (75th percentile) and group 2 (50th percentile)
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Discussion

The criterion-based motor skills training program on our

VR simulator was intended to prepare surgical trainees

efficiently for a laparoscopic course on a porcine model.

The total number of repetitions needed to pass the profi-

ciency level varied widely between the individual trainees

within each group. Some trainees needed up to four times

more time to pass the test than others.

All the trainees found the training useful and were able

to achieve the predefined criteria, which meant that the set-

up had good feasibility. Setting the proficiency criteria at a

more difficult level (50th percentile of the median expert

score) appeared to be more appropriate than the easier

setting (75th percentile).

In the literature, there is growing evidence that motor

skills training with inanimate VR simulators is valid and

improves the performance of actual procedures [11].

However, it is not yet clear how these training models

programs should be standardized and incorporated into the

a surgical curriculum. Physical simulators or box trainers

have shown to train laparoscopic motor skills effectively as

well [12] and competence levels based on performance of

experienced laparoscopic surgeons seem suitably chal-

lenging for novices [8]. Nevertheless, task time was the

only parameter used. Another study successfully trained

novices laparoscopic suturing by using an expert perfor-

mance level, based on time and error assessment [6].

However, the advantage of VR simulators is that

performance is measured, stored, and displayed automati-

cally. Furthermore, most VR simulators employ several

parameters to assess performance, such as task time, col-

lisions with the VR environment, instrument path length,

and numbers of specifically defined errors. However, there

is an ongoing debate about the pass or fail standards of

these parameters. In general, the concept of criterion-based

training aims to introduce standards that provide surgical

educators with strategies to design a transparent and vali-

dated training program. Evaluation of the experimental set-

up provides insight into the feasibility of the tasks, the

performance criteria, and practical issues such as the

duration of training.

Several remarks should be made about this new concept

of criterion-based skills training. To validate a criterion-

based training program on a simulator and incorporated it

into a structured surgical curriculum the following

requirements should be met: (1) the goal of the simulator

training program has to be defined and validated in terms of

which skills are actually learned, (2) the performance cri-

teria have to be determined based on experienced surgeon

performance on the simulation and evaluated to offer

trainees straightforward and challenging exercises, (3)

inexperienced trainees should be able to meet the criteria,

and the consequences of failing to achieve the required

criteria level should be made clear beforehand. The student

is allowed to progress to more advanced training setting

when the criterion is achieved. Students who do not meet

the criteria should receive more training, feedback, and

retest opportunities.

The VR simulator and tasks used in this study were

aimed specifically at teaching trainees the basic motor

skills needed for laparoscopic surgery (e.g., hand–eye

coordination). Previous studies showed that the simulator

had content and construct validity [9, 10]. The VR simu-

lator is a valid model at the beginning of the learning curve

in laparoscopic surgery.

Determining performance criteria for VR simulator

training is more difficult than it seems. In the literature

there is no consensus on how to define these criteria. Some

authors advised that a certain number of repetitions should

be performed [13], whereas others recommended the use of

preset criteria rather than a predetermined training duration

or an arbitrary number of repetitions [5, 7, 14]. When

preset criteria and corresponding scores are chosen, the

exact scores depend on the researcher and type of simu-

lator. In a study on the minimally invasive surgical trainer

virtual reality (MIST-VR) simulator [15], the authors

remarked that, if performance criteria are based on the

average scores of experienced laparoscopic surgeons, the

level might be too easy. Instead, they recommended using

the score of an experienced laparoscopic surgeon who also

had extensive experience on the simulator. Aggarwal et al.

Fig. 3 Number of endoscopic procedures performed and number of

attempts needed to achieve the predefined proficiency criteria for

group 1 (75th percentile) and group 2 (50th percentile)
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used the median score achieved by ten experienced sur-

geons in two consecutive repetitions in a study on the

LapSim simulator [14].

In the first group the 75th percentile of the expert per-

formance was chosen because the 50th percentile (median)

performance scores were expected to be too hard to acquire

by the average trainee. However, 30% of the residents

considered the 75th percentile too easy. In the next group,

only one participant thought the 50th percentile was too

difficult. Therefore, the 50th percentile is considered to be

more useful.

Introducing criterion-based training motor skills training

raises questions about the validity of the criteria for the

recruitment and selection purposes of trainees, or

(re)licensing of surgeons. Setting the criteria at the median

of experts’ performance means that, by definition, 50% of

the experts do not achieve this level either. Therefore, this

level cannot be used for high-stake examination of sur-

geons, e.g. (re)licensing, but it may be justified for

recruitment and selection purposes of inexperienced train-

ees. Obviously, passing a motor skills test on its own does

not guarantee that the individual is competent in all the

required domains. Good motor skills are only one of the

necessary requirements to become a competent laparo-

scopic surgeon [16, 17]. On the other hand, if a trainee is

unable to pass a validated simulation test or demonstrate

improvement during training, then a surgical career is

questionable. Our results revealed that the current criteria

form an efficient means to shape the hand–eye coordination

of those who need it and enhance the process of skills

acquisition, an essential prerequisite of high-standard sur-

gery. Although the SIMENDO� forms a valid model to

train subjects with little or no experience with laparoscopic

surgery, it seems less suitable for general performance

assessment of experienced laparoscopic surgeons for

licensing purposes. These high-stake examinations require

more complex simulation programs, or combinations of a

battery of different test modules, for example, programs

that make objective evaluations of decisional behavior,

proper reactions on adverse events, anatomical knowledge,

etc. and thus test competence on a broader scale.

An important practical issue is that the consequences of

not passing the test on the simulator must be made clear

beforehand. In this study, all the trainees achieved the

Table 4 Results of the

questionnaire filled out by the

participants after the simulator

training

a Proficiency level in each

group

Questions Group 1 (n = 10) Group 2 (n = 18)

(75th percentilea) (50th percentilea)

1. What is your opinion about the competence criteria?

Too difficult 0% 5.50%

Good 70% 94.50%

Too easy 30% 0%

2. What is your opinion about training on this simulator in general?

Not useful 0% 0%

Useful 100% 100%

No opinion 0% 0%

3. What is your opinion about the tasks?

Poor 0% 0%

Good 90% 100%

No opinion 10% 0%

4. What is your opinion about the feedback parameters?

Poor 0% 0%

Good 90% 94%

No opinion 10% 6%

5. Is the training challenging? Give a score between

1 and 10 (10 = greatest challenge)

median 8

(range 6–9)

median 8

(range 5–10)

6. Does the simulator training improve the eye–hand coordination of inexperienced trainees?

No 0% 0%

Yes 100% 100%

No opinion 0% 0%

7. Is the simulator capable of objectively measuring skills that are important to laparoscopic surgery?

No 0% 0%

Yes 100% 78%

No opinion 0% 22%
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predefined criteria. Part of the exercise was to train until they

met the performance criteria, even if this took a great many

training sessions. For future training programs, it is expected

that most surgical trainees will be able to pass the set criteria.

This assumption is based on the observation that surgical

trainees are highly motivated to learn the required skills and

invest the necessary time. In addition, there seems to be

natural selection within the surgical population itself.

However, this assumption must be considered cautiously,

because this might not apply for other simulators and the

assessment of subjects with different motivation, interests,

and backgrounds. Schijven et al. [18] found that in a clip-

and-cut task on an advanced VR simulator, 20% of the 30

participants could not improve their performance score

sufficiently to obtain proficiency in 30 repetitions. However,

not all participants in the study were surgical trainees. The

participants comprised of a mixed group of final-year med-

ical students, internal medicine trainees, trainees in the

department of anesthesia, and surgical trainees. This might

suggest that the selected population of surgical residents, as

in our study, is more likely to pass the set criteria. Further-

more, a study by Brunner et al. [5] that used basic exercises

on the MIST-VR indicated that a lengthy learning curve

existed for novices, possibly beyond 30 repetitions. In their

opinion, performance plateaus may not reliably determine

training endpoints [5].

In conclusion, criterion-based training of motor skills on a

VR simulator is an efficient, feasible, and useful method to

prepare surgical trainees for more complex procedures, for

example, on animal models. Median expert performance

scores seemed appropriate as proficiency criteria. The use of

the criteria resulted in wide variation between surgical

trainees in time and number of attempts needed to pass the

criteria. Therefore, it is particularly suitable for the selection

of trainees who need more basic motor skills training and

providing them with enough time to acquire these skills.

Consequential, training programs could become more

effective if tailored to the individual’s level. Such flexible

courses are currently not common in surgical training.
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