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Abstract

Introduction Virtual reality (VR-)trainers are well integrated in laparoscopic surgical training. However, objective feedback
is often provided in the form of single parameters, e.g., time or number of movements, making comparisons and evaluation
of trainees’ overall performance difficult. Therefore, a new standard for reporting outcome data is highly needed. The aim
of this study was to create a weighted, expert-based composite score, to offer simple and direct evaluation of laparoscopic
performance on common VR-trainers.

Materials and methods An integrated analytic hierarchy process-Delphi survey was conducted with 14 international experts
to achieve a consensus on the importance of different skill categories and parameters in evaluation of laparoscopic perfor-
mance. A scoring algorithm was established to allow comparability between tasks and VR-trainers. A weighted composite
score was calculated for basic skills tasks and peg transfer on the LapMentor™ II and III and validated for both VR-trainers.
Results Five major skill categories (time, efficiency, safety, dexterity, and outcome) were identified and weighted in two
Delphi rounds. Safety, with a weight of 67%, was determined the most important category, followed by efficiency with
17%. The LapMentor™-specific score was validated using 15 (14) novices and 9 experts; the score was able to differentiate
between both groups for basic skills tasks and peg transfer (LapMentor™ II: Exp: 86.5+12.7, Nov. 52.8 +18.3; p<0.001;
LapMentor™ III: Exp: 80.8 +7.1, Nov: 50.6+16.9; p <0.001).

Conclusion An effective and simple performance measurement was established to propose a new standard in analyzing and
reporting VR outcome data—the Heidelberg virtual reality (VR) score. The scoring algorithm and the consensus results
on the importance of different skill aspects in laparoscopic surgery are universally applicable and can be transferred to any
simulator or task. By incorporating specific expert baseline data for the respective task, comparability between tasks, stud-
ies, and simulators can be achieved.

Keywords Minimally invasive surgery - Virtual reality trainer - Score - Skill assessment - Analytic hierarchy process -
Delphi

The evolution of medical education in recent years has seen
virtual reality (VR) simulation become a notable part of
surgical education. Laparoscopic VR-trainers have gained
attention [1] and are frequently used to provide a risk-free
training environment [2, 3]. Most VR-trainers offer a set of
basic skills tasks, giving trainees the opportunity to practice
the most fundamental skills needed for laparoscopic surgery,
such as hand—eye coordination, instrument coordination, and
2D-3D coordination. While VR-trainers have been shown
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to be equally as effective a training method as video trainers
[4], they also carry a major advantage: the possibility for
objective automated feedback. VR-trainers generate feed-
back automatically after each performance, eliminating the
need for a supervisor to monitor a trainee’s performance.
This feedback consists of a variety of parameters; common
ones include time, path length, error scores, and economy
of movement [5, 6].

VR-trainer parameters have been subjected to many vali-
dation studies with equivocal results when treated as single
parameters [7—10]. Therefore, one limitation of VR-trainer
parameters is that they can be difficult to interpret when
trying to gauge trainees’ overall performance. For example,
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it is hard to know whether a performance with a shorter
task time and a lower accuracy rate represents a higher skill
level than one with a longer task time and a higher accu-
racy rate. A universally usable composite score incorporat-
ing the relevant parameters would address this problem and
greatly improve the judgment of trainees’ laparoscopic VR
performance.

Some researchers and companies have already tried to
incorporate VR-trainer parameters into different composite
or cumulative scores. However, many of these scores include
only two or three of all possible parameters [11, 12], sum
parameters disregarding the different units [13, 14], or are
based on and can only compare the specific groups used in a
study [15]. Some manufacturers provide scores, but these are
specific to their VR-trainer and validation and transparency
of the score’s computation are limited; the LapMentor™
score, for example, is based on unpublished expert perfor-
mance data and the weighting of the different parameters is
not accounted for [16]. Furthermore, the LapMentor™ score
showed only partial construct validity for the first version of
the LapMentor™ [17, 18] and to our knowledge has not yet
been validated for the consecutive models.

A meaningful and standardized evaluation method to
report VR data in research is therefore still lacking and
greatly needed. Rosenthal et al. [19] highlight three impor-
tant questions when analyzing VR data—*“Which outcomes
should be reported? How can outcomes be summarized and
weighed? How can outcomes across different simulators and
different studies be compared?”.

This study addresses these questions and proposes a
new, simulator-independent scoring standard—The Heidel-
berg VR Score. An international expert consensus on the
importance of VR skill categories is established and a final
score incorporating specific expert baseline data for both
the LapMentor™ II and III (basic skill and peg transfer) is
developed and validated.

Materials and methods
Setting and tasks

This study was conducted in the training center for Mini-
mally Invasive Surgery of the Department of General, Vis-
ceral, and Transplantation Surgery at Heidelberg University
Hospital, Germany. Participants received an introduction
explaining type, extent, and value of this study before writ-
ten informed consent was obtained. The study was approved
by the local ethics committee at Heidelberg University
(S-334/2011). The survey was performed using an online
tool (http://www.umfrageonline.com).

A general scoring method for laparoscopic VR-trainer
performance applicable to any simulator was established.
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This was applied to create final score for the laparoscopic
VR-trainer LapMentor™ II and III (3D Systems, Rock Hill,
USA), incorporating specific expert baseline data. LapMen-
tor™ training scenarios used included Basic Skills tasks
(eye—hand coordination, clipping, clipping and grasping,
two-handed manoeuvres, cutting, and electrocautery) as well
as the peg transfer task, which is part of the fundamentals of
laparoscopic surgery (FLS) curriculum [20, 21]. The tasks
were chosen to represent a wide variety of basic laparoscopic
skills such as hand—eye coordination, bimanual dexterity,
clip applying, cutting, and safe and accurate electrocautery.

For the development of a meaningful composite score,
certain key steps had to be addressed:

(1) Identifying and categorizing relevant parameters

(2) Assigning weights to categories and parameters accord-
ing to their importance

(3) Establishing a scoring algorithm

(4) Validating the final score.

Step 1 and 2: Identifying, categorizing, and weighting—
integrated analytic hierarchy process-Delphi survey

To identify major skill categories and LapMentor™ param-
eters that reflect a good laparoscopic performance and to
determine their weights within the composite score, a modi-
fied integrated analytic hierarchy process-Delphi survey was
conducted. An outline of the proposed methodology can be
found in Fig. 1.

Five main categories of general VR-trainer skills as well
as relevant LapMentor™ parameters were identified based
on the literature, reasoning of the authors and input from
laparoscopically experienced surgeons. A Delphi-expert
panel was then identified through published articles (inter
alia with respect to research conducted with VR-trainers),
laparoscopic expertise, and congress contributions. The
expert panel was asked to compare the skill categories and
LapMentor™ parameters pairwise using Saaty’s 1-9 scale
[22], resulting in judgment matrices. Individual judgment
matrices were then checked for consistency and improved
according to the algorithm proposed by Dong et al. [23], if
no acceptable consistency was reached. Afterwards, a level
of consensus between all experts was calculated. If a pre-
defined level of consensus was not reached, another round
of questionnaires was sent to the expert panel along with
feedback on the results from the previous round. Experts
were asked to reconsider their choices based on their fellow
experts’ opinions and comments. Once an acceptable level
of consensus was reached or a significant improvement seen
between two rounds, the Delphi survey was finished. An
algorithm proposed by Dong et al. [23] was then used to
reach a final consensus, and weights for each category and
parameter were calculated. The names of the expert panel


http://www.umfrageonline.com

Surgical Endoscopy (2019) 33:2093-2103

2095

Defining skill
categories and
relevant parameters

|

1st guestionnaire

% : Identifying possible
Final design of AHP- fying p
. ) 5| members of Expert
based questionnaire >
panel
.
oo,
o .
Calculating level of R Consisteny "'.,. NO
> . o
consistency (GCl) _"n,. reached? -t
..0 "‘
e ot
Yoo os®
YES N
Improving
consistency with
automated algorithm
v _‘.".". ;
* ®e
Calculating level of " Consensus - “*v
X .
consensus (GCCl) —’.... reached? ““.
.

.
.
.

. R
IR

Next questionnaire Improving consensus
NO- no improvment NO- but clear improvment .
(+feedbackfrom < with autf)mated
previous round) algorithm
YES
Calculating final
w/eights for skill

categories and
parameters

Fig.1 A modified analytic hierarchy process—Delphi Survey. AHP analytic hierarchy process

remained undisclosed to all participants until a consensus
was reached.

Step 3: Establishing a scoring method

To calculate the Heidelberg VR Score for a specific task,
a set of expert baseline data for this task is needed. Four
laparoscopic experts per LapMentor™ model were assessed
to establish a baseline dataset for the seven tasks. After an
initial warm-up period and an introduction to the tasks, all
experts were asked to perform each task ten times. To sup-
port a high concentration and performance level, participants
were allowed to take breaks between repetitions. A tutor was
always present, to observe the performances and assist with
any simulator-related difficulties if necessary.

Using the established expert dataset, expert mean (MF)
and trimmed standard deviation (af) were calculated for
each parameter (M;). For the expert mean, only an expert’s
best performance for each parameter was used to set a high
benchmark. To obtain the trimmed expert standard devia-
tion, every value lower than two standard deviations from
the original mean was excluded and the standard deviation
recalculated using the remaining values. All parameters
were then standardized using a z score statistic to account
for the different scales and huge variability in standard

deviations (e.g., time is measured in seconds with no upper
limit, accuracy as a percentage with range limited between
0 and 100). The z score (Z;) of a trainee’s performance cor-
responds to their raw score (M[.T) and expert data for the
parameter (M;) as follows:

Mr — ME
1 1
Z; . lE .
The z scores of parameters were then adjusted to have
a uniform direction, such that lower scores reflect a better
performance (cost function). Parameters for which higher
scores reflect a better performance needed to be reversed
and were therefore multiplied by — 1.
Z scores and adjusted z scores for all relevant param-
eters were then aggregated into a standardized composite

score for each task:

N
Zi=1 o Z;

- x 100,
Z,-=1 %Zmax

z= 1- - Z

where N is the number of parameters, «; is the weight asso-
ciated with Z;, andZ, is a measure of the outcome of the
task based on Cotin et al. [24]. In this study, Z,,,, was set to
15 based on a data pool from over 90 laparoscopic novices
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performing all tasks three times. To increase readability, the
standardized composite score was multiplied by 100.

Step 4: Validating the final, LapMentor™-specific
composite score

Construct validity is often defined as whether or not a tool
measures the trait it is supposed to measure [25]. In training
research, it is commonly assessed through a tool’s ability to
differentiate between different levels of laparoscopic expe-
rience [26]. To validate the composite score, laparoscopic
experts and novices were assessed on the LapMentor™ II
and III, performing all seven tasks twice. Participants were
categorized according to the number of laparoscopic pro-
cedures performed (Experts > 100; Novices =0). None of
the experts used for validation were included in the initial
baseline dataset.

Statistical analysis and sample size calculation

Individual judgment matrices were checked for consist-
ency using the geometric consistency index (GCI). A GCI
of <0.35 was regarded as acceptable consistency [27]. The
level of consensus was calculated using the geometric car-
dinal consensus index (GCCI) [23]. Based on the work of
Dong et al. [23] and Aguar6n et al. [28], a GCCI of <0.35
was considered an acceptable level of consensus. Improve-
ment of the GCCI during the Delphi survey was tested using
the Wilcoxon Signed-rank test. A p value of less than 0.05
was considered statistically significant. Final weights were
derived from the judgment matrices using the row geometric
mean prioritization method (RGMM) [27] under the aggre-
gation of individual judgments (AlJ). Pairwise compari-
sons using the Saaty Scale were reported using geometric
mean and geometric standard deviation. Arithmetic mean
and standard deviation were calculated for the deduction
per failed outcome measure. To establish construct validity,
composite scores were compared between experts and nov-
ices using a Mann—Whitney U test. Statistical analysis was
performed using SPSS version 24.0 (IBM SPSS Statistics,
IBM Corp.). GCI, GCCI, and improvement algorithms were
implemented in a Java script.

For the validation study, a conservative sample size cal-
culation was conducted with respect to a preliminary com-
posite score of the peg transfer task. The calculation was
based on performances from a previous study in a similar
setting (Experts: 98.54 +9.20; Novices: 65.89 +10.96).
With a two-sided significance level @ =0.05 and a power of
1 —$=0.8, a conservative sample size calculation resulted
in nine participants per group. Due to the small sample sizes
required and the great inhomogeneity usually seen in novice
performances, we planned to exceed this number by six in
the Novice group.
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Results
AHP-integrated Delphi survey

Five major and simulator-independent categories were iden-
tified (Table 1). For the LapMentor™-specific score estab-
lished in this paper, a final set of relevant LapMentor™
parameters was chosen and each allocated to a category
(Table 2). A total of 14 eligible experts (a list of members
can be found in the acknowledgements) accepted the invita-
tion to participate in the Delphi survey, all of whom went
on to participate in the second survey round. The GCCI
decreased significantly (p =0.002) from the first to the sec-
ond round, suggesting an increased level of consensus and
the Delphi survey was finished. More detailed results of the
Delphi survey can be found in Fig. 2 and Tables 1 and 2.

Four of the five categories (time, safety, efficiency, dex-
terity) were assigned a weight. For the fifth category, out-
come parameters, the expert panel was asked to define a
specific value (possible range 0—100) or ratio to be deducted
from the final score (Z;). All experts agreed to deduct the
quotient of failed outcome items divided by possible out-
come items, e.g., if the task requires nine ducts to be clipped
for its completion and only seven are clipped, a value of 2/9
(=0.2222) will be deducted from the final score. If two or
more parameters were allocated to the same category for
any given task, the expert panel was asked to compare them
pairwise to determine their relative importance and assign
them weights within the category (Table 1). If a task had no
parameters assigned to a certain category, the weights of
the remaining skill categories were newly calculated (see
Table 3 in Appendix).

Figure 2 shows the development of weights assigned to
each category during the survey process. While “Safety”
increased in importance, all other categories decreased in
importance from the first to the second round. Final weights,
derived after application of the consensus improving algo-
rithm, differ only slightly from the original expert judgments
in round two.

Table 1 Definition and weights of main skill categories

Category Definition Weighting (%)
Time Task time 5.7
Efficiency Unnecessary actions 17.3
Safety Complications/damage 67.3
Dexterity Manual skill 9.7
Outcome Errors preventing achievement  Failed/total
of the task’s goal possible
items?®

For the category outcome a fixed value (Z,) was deducted from the
final score



Surgical Endoscopy (2019) 33:2093-2103

2097

Table 2 LapMentor™ tasks and categorized parameters chosen by the author panel and laparoscopic experts during the Delphi process; specific
weights for LapMentor™ parameters established through the analytic hierarchy process-Delphi survey

Task Categories with included parameters

Specific weight
inside category®

General (all tasks) Time
Total time 100
Dexterity
Total path length? 37.2
Total number of movements® 62.8
Eye-hand coordination Safety
Accuracy rate—touched targets (%) 100
Task outcome
Number of correct hits 100
Clip applying/clipping and grasping Efficiency
Accuracy rate—applied clips (%) 100
Task outcome
Number of clipped ducts 100
Two-handed maneuvers Task outcome
Number of exposed green balls that are collected 100
Cutting Safety
Number of cutting maneuvers performed that cause injuries® 68.6
Number of retraction operations with overstretch injuries to the tissue® 314
Efficiency
Total number of cutting maneuvers 47.3
Total number of retraction operations 52.7
Electrocautery Safety
Time cautery is applied on non-highlighted bands 100
Efficiency 100
Efficiency of cautery (%)
Task outcome
Number of highlighted bands that were cut 100
Peg transfer Task outcome
Pegs transferred 100

#Newly calculated parameter from two existing parameters

"For categories containing more than one parameter, the expert panel was asked to compare the importance of each parameter in this category.
Specific weights were then calculated for each parameter based on the expert judgment

Validation study

Participants totaled to 24 LapMentor™ II and 23 on the
LapMentor™ III, with Expert groups of 9 per simulator.
Participants completed all seven tasks twice. For the sec-
ond attempt, Experts outperformed Novices significantly
in all tasks on both the LapMentor™ II and III, except for
the task Electrocautery on the LapMentor™ III (Figs. 3,
4). The first attempt showed comparable results; the score
was able to differentiate between Experts and Novices for
all tasks on both VR-trainers, except Electrocautery on the
LapMentor™ III.

Discussion

This study presents the creation of a universally applicable
composite score for VR training in laparoscopic surgery, the
Heidelberg VR score. The score’s formulation was guided
by the consensus of an international expert panel. Further-
more, a complete score was created and validated for basic
skills tasks and peg transfer on the LapMentor™ II and II1.
A website (heidelbergvrscore.de) is being created to allow
other researchers and trainees to easily calculate the Hei-
delberg VR score for their own data and simulators, given
the availability of expert data on the parameters and tasks.
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A combination of two well-established methodologies
was used to reach expert consensus on the importance of
different skill aspects in laparoscopic surgery. The first was
the Delphi method. This method, as proposed by Dalkey
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Fig.4 Expert and Novice Heidelberg VR scores for single tasks on
the LapMentor™ III, 2nd attempt

et al., is an iterative survey process based on anonymity,
controlled feedback, and statistical group response [29] and
has been used in many areas of research, including in the
field of medicine [30-32]. The second method used was the
AHP, originally introduced by Saaty [22], and works with
the assumption that complex ideas can be judged more effec-
tively through establishment of a hierarchy. In this study,
this was done by identifying and weighting five major skill
categories that contribute to a good laparoscopic perfor-
mance. Rather than considering all available parameters for
one task individually, they were categorized and looked at
as part of a hierarchy. This hierarchical structure is of great
value as weighting the different parameters of different tasks
allows for transferability of the score. Once a parameter is
allocated to a category, it is automatically assigned a weight
(that already given to the category), removing the need for
another expert consensus. Furthermore, the AHP relies on
pairwise comparisons, which are considered to reflect one’s
opinion more precisely than comparing multiple items at a
time [33].

The Delphi-expert panel in this study consisted of four-
teen members. While there is no consensus in the literature
on the number of participants needed for such a panel, this
number lies within the upper range of the 8—15 suggested in
many papers for homogeneous groups with similar qualifica-
tions [34, 35]. No drop outs were recorded, which is rare in
the literature [36]. The panel went through two actual Delphi
iterations, with the questionnaire designed beforehand. This
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is in accordance with the suggested iterations for a Delphi
survey in health research [37]. To eliminate the time and
resource constraints of conducting multiple Delphi itera-
tions, the consensus achieving algorithm proposed by Dong
et al. [23] was applied. This slowly adjusts the individual
expert judgments, moving them towards consensus. The
algorithm was applied after a significant increase in the
level of consensus could be seen between Delphi iterations,
indicating that the expert opinions had converged. Although
the algorithm increased the level of consensus to an accept-
able level, the final weights allocated to each category only
varied slightly following its application (see Fig. 2). This
proves that individual expert judgment is the major contribu-
tor to the final consensus, while the algorithm only helps to
reach it.

The five major skill categories were chosen with the
assumption that any parameter from any task could be sorted
into one of them. The following were criteria for parameter
exclusion: (1) it cannot differentiate a good from a bad per-
formance, (2) it is already represented by other parameters
in the score (to avoid overrepresentation of a certain aspect),
and (3) its calculation is unprecise or unclear. The manu-
facturer was contacted to discuss unclear calculations, but
if no sufficient explanation was given, the parameter was
excluded. Two new parameters were calculated based on
existing parameters (see Table 2). This was done to turn the
original parameters into unidirectional functions, with lower
values representing a better performance.

The final results of the Delphi questionnaire indicate that
the skill category “Safety” is of tremendous importance to
the Experts, whereas the time needed to complete a task is
of least importance. This is in accordance with the results
of an expert consensus on robotic surgical parameters [38],
where safety and critical errors were rated the most impor-
tant. To our knowledge, ours is the first study to establish an
expert consensus on the relative importance within major
skill categories of parameters contributing to a good laparo-
scopic performance. In 2004, Stylopoulos et al. administered
a survey asking 30 laparoscopic surgeons to rate various
skill parameters for their computer-enhanced laparoscopic
training system [39]. However, since they focused on rating
individual parameters, their results cannot be transferred to
other VR-trainers reporting different parameters. The cat-
egorization of parameters into major skill categories pre-
sented in this paper allows researchers to work with and
calculate weighted scores on any VR-trainer, provided an
expert baseline dataset is available.

The Heidelberg VR Score offers the highly needed oppor-
tunity to compare trainees not only on one task but across
different tasks on a simulator, between studies, and even
between different simulators. As mentioned above, the score
can be transferred to any VR-trainer task given an expert
baseline dataset. This expert data is used to standardize task

performance, making comparisons between tasks possible;
any specific score, for example 80, will always represent the
same distance from the expert baseline and can be taken as
equivalent across tasks. This is important in addressing the
different foci of tasks; the LapMentor™ Peg transfer task,
for example, requires a relatively long path length for task
completion (all pegs transferred) compared to others. There-
fore, to transfer the Heidelberg VR score to any simulator or
task only an expert baseline dataset is needed for the specific
task on the specific simulator. To ensure comparability, a
large expert baseline dataset is favorable.

The calculation of the Heidelberg VR score is based on
the work of Cotin et al., who presented a universal scoring
system for computer-assisted laparoscopic skills training
[24] and Rosenthal et al., who proposed a general evaluation
method [19]. Cotin et al.’s 2002 score used a standardized
set of task-independent skill assessment parameters, which
could technically be implemented into any VR-trainer [24].
However, widely distributed VR-trainers such as the Lap-
Mentor™ report task-specific outcomes and do not report
all parameters proposed and used by Cotin et al., such as
motion smoothness or depth perception. This might be a
reason why their composite score has not achieved general
usage. Rosenthal et al. recently proposed a new standard
for reporting outcome measures for VR-trainers meant to
address the risk of selective outcome reporting and multi-
plicity issues [19]. While they proposed an outline applica-
ble to any simulator, their research did not focus on deter-
mining weights for specific laparoscopic skills. Therefore,
their scoring method cannot be applied without additional
work, such as that presented in this study.

To highlight the importance of outcome parameters,
defined as critical errors that hinder a trainee from accom-
plishing the goal of a task, a specific value is deducted from
the final Heidelberg VR score. If transferred to a clinical
setting, these errors would include major complications that
worsen the outcome of an operation and cannot be reversed
or controlled. Initially, the expert panel was asked to deduct
a fixed value; the consensus suggested subtracting 10 points
on the scoring scale (where 100 is the mean of the best
expert performance scores) for every failed item. However,
it was suggested by a few panel members to deduct a ratio
of failed items divided by possible items for each task. This
was suggested in the second Delphi round and preferred by
100% of the members of the expert panel. Therefore, the
scoring method was adjusted accordingly.

The final Heidelberg VR score for the LapMentor™
IT and IIT was able to differentiate between laparoscopic
Novices and Experts, demonstrating construct validity.
However, the mean difference between Expert and Novice
scores varies between the tasks. This suggests that some
basic skills tasks such as “Electrocautery” may have been
too easy, leading to no trainee mistakes and preventing
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effective assessment of small variations in their skill
levels. A study by Agrusa et al. comparing 3D and 2D
laparoscopic surgery showed a similar phenomenon; sig-
nificant differences were seen only for complex surgi-
cal procedures [40]. No significant differences between
experts and novices could be found for the task “Electro-
cautery” on the LapMentor™ III, though they could be
for the same task on the LapMentor™ II. When analyzing
the results in more detail, it could be seen that this was
due to an unsafe working technique used by three of the
experts on the LapMentor™ III; an extraordinarily high
amount of time was spent cauterizing non-highlighted
bands compared to their peers. Safety is weighted highly
in the composition of the Heidelberg VR score, leading
this mistake to reduce these experts’ performance scores
on the task. One explanation for this unsafe operation
technique could be that surgeons, who usually operate on
human patients, might not value the aspect of safety on a
simulator as much and prefer to operate as efficiently as
possible, while taking more risks than usual. We expect
the Heidelberg VR score to assess trainee performance
on this task correctly given instructions are followed by
experts on how best to perform VR tasks.

Limitations

This study has some limitations to be considered when
interpreting the results. Some studies have highlighted
methodological weaknesses of the Delphi methodology.
These include, for example, the subjectivity of defining
who is an expert [37], the limited possibilities for expert
interaction due to the feedback being written and con-
trolled [41], as well as the time needed to carry out the
whole process. Nevertheless, experts can be selected care-
fully, and the benefits of the Delphi methodology con-
tinue to outweigh the risks for this study. The anonymity it
requires supports the use of modern communication tools
instead of in-person meetings to achieve an expert consen-
sus, simplifying the process. Furthermore, it prevents the
opinion of more dominant characters from gaining more
attention than those of a shy character [42]. Additionally,
sending back group feedback informs all panel members
of the current state of opinion and highlights objectives
possibly otherwise unconsidered by some members.
Therefore, the Delphi methodology explicitly offers the
opportunity to change one’s mind [43]. It should be noted
that the Heidelberg VR Score does not improve or alter
the measurements of parameters offered by a VR-trainer,
but rather creates a uniform evaluation based on them
and expert baseline data. This, however, offers the highly
needed comparability between different simulators and
tasks.
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Conclusion

In conclusion, a standardized reporting and evaluation
system for laparoscopic VR performances is of utmost
importance to allow comparability, increase the relevance
and interpretation of reported outcomes, and minimize the
risk of selective outcome reporting. Such a new standard is
proposed with the Heidelberg VR Score, which addresses
the shortcomings of the wide variety of reporting methods
available. A final, practically useable score for the basic
skills and peg transfer tasks on the LapMentor™ II and
IIT was established and validated. To facilitate use of the
Heidelberg VR Score for other researchers and training
centers, a website (heidelbergvrscore.de) is being created
to simplify score calculation. To establish the Heidelberg
VR score as a new standard for all VR-trainers, expert
baseline data for new simulators and tasks must be col-
lected in future research for integration into and evaluation
of the score.

Acknowledgements The authors would like to thank all members of
the expert panel for their support: Esther Bonrath, Germany; Sanne
Botden, Netherlands; Julian Bucher, Germany; Dieter Hahnloser, Swit-
zerland, Daniel A. Hashimoto, USA; Tobias Huber, Germany; Georg
Linke, Switzerland; Soren Torge Mees, Germany; Daniel Miscovic,
UK; Christoph ReiBfelder, Germany; Marlies Schijven, Netherlands;
Lee Swanstrom, France; Siska van Bruwane, Belgium; Markus Wall-
wiener, Germany. Furthermore, we would like to thank Hubertus
FeuBiner, Laurents Stassen, and Thomas Vogel for sharing their expe-
rience for this project. Furthermore, the authors would like to thank Mr.
Nicolas Billen for his help with implementing the scoring algorithm,
Mr. Samuel Kilian for his help during the calculation process, and Ms.
Linhong Li for her help with setting up the website.

Compliance with ethical standards

Disclosure Mona W. Schmidt, Karl-Friedrich Kowalewski, Marc L.
Schmidt, Erica Wennberg, Carly R. Garrow, Sang Paik, Laura Benner,
Marlies Schijven, Beat-Peter Miiller Stich, and Felix Nickel have no
conflict of interest or financial ties to disclose.

Appendix

Because basic skill tasks on VR-trainers often want to test
a specific skill (e.g., eye—hand coordination), some tasks
do not include any relevant parameters for some of the
main skill categories (e.g., no relevant safety parameter in
the task clip applying). Therefore, a new calculation of the
importance of the remaining skill categories compared to
each other is necessary. Due to the nature of the analytic
hierarchy process, with its pairwise comparison, this does
not require a new expert judgment. The weights can easily
be calculated using only the pairwise comparisons of the
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Table 3 Weights (%) of main skill categories for all possible combinations of main skill categories in a task

Missing categories ~ Time Efficiency Safety Dexterity
Time No parameter assigned to 15.7 75.9 8.4
this category
Efficiency 8.5 No parameter assigned to 76.8 14.7
this category
Safety 13.4 59.0 No parameter assigned to 27.6
this category
Dexterity 6.9 17.1 76.0 No parameter assigned to this
category
Time + efficiency No parameter assigned to No parameter assigned to 87.1 12.9
this category this category
Time + safety No parameter assigned to 73.6 No parameter assigned to 26.4
this category this category
Time + dexterity No parameter assigned to 13.2 86.8 No parameter assigned to this
this category category
Efficiency + safety 27.0 No parameter assigned to No parameter assigned to 73.0

this category
Efficiency + dexterity 12.2
this category

Safety + dexterity 19.7 80.3

No parameter assigned to

this category

87.8 No parameter assigned to this

category
No parameter assigned to
this category

No parameter assigned to this
category

All weights reported in percent

remaining skill categories for the task. Therefore, we used
the expert judgments from the second Delphi iteration of
the remaining skill categories and applied consistency and
consensus improving algorithms as described above for
each possible combination of skill categories. The weights
of all possible combinations of categories can be found in
Table 3 in Appendix.
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