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Objective: To investigate the impact of instructor feedback versus no in-
structor feedback when training a complex operational task on a laparoscopic
virtual reality simulator.
Background: Simulators are now widely accepted as a training tool, but
there is insufficient knowledge about how much feedback is necessary, which
is useful for sustainable implementation.
Methods: A randomized trial complying with CONSORT Statement. All par-
ticipants had to reach a predefined proficiency level for a complex operational
task on a virtual reality simulator. The intervention group received standard-
ized instructor feedback a maximum of 3 times. The control group did not
receive instructor feedback. Participants were senior medical students with-
out prior laparoscopic experience (n = 99). Outcome measures were time,
repetitions, and performance score to reach a predefined proficiency level.
Furthermore, influence of sex and perception of own surgical skills were
examined.
Results: Time (in minutes) and repetitions were reduced in the intervention
group (162 vs 342 minutes; P < 0.005) and (29 vs 65 repetitions; P < 0.005).
The control group achieved a higher performance score than the intervention
group (57% vs 49%; P = 0.004). Men used less time (in minutes) than women
(P = 0.037), but no sex difference was observed for repetitions (P = 0.20).
Participants in the intervention group had higher self-perception regarding
surgical skills after the trial (P = 0.011).
Conclusions: Instructor feedback increases the efficiency when training a
complex operational task on a virtual reality simulator; time and repetitions
used to achieve a predefined proficiency level were significantly reduced in
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F or virtual reality simulation, the benefits are clear; the drawbacks
are less clear. Throughout the last decade, several studies have

found a positive effect of surgical virtual reality training on the learn-
ing curve and improvement of basic psychomotor skills in the operat-
ing room.1–5 Despite the now well-established advantages of virtual
reality simulators, most surgical and gynecological departments en-
counter hurdles when implementing simulator training in surgical
practice.6 This is mainly due to concern about the time and human
resources needed to train novice surgeons to an adequate level,7 along
with a lack of knowledge on how to design a training program.8 Ques-
tions have especially been asked regarding frequency, amount, and
type of feedback (ie, simple vs escalating feedback) to obtain the best
learning outcomes in complex operational virtual reality tasks.9–12

Feedback can be defined as the provision or return of
performance-related information to the performer and is an important
part of learning in medical education.13 In the laparoscopic virtual
reality setting, no studies or trials have investigated how instructor
feedback affects learning to a predefined proficiency level in complex
operational tasks; however, in more basis tasks, such as coordination
and instrument navigation, no advantages of instructor feedback have
been found.14 Training of complex surgical tasks is a necessary pre-
requisite in an advanced surgical training program; therefore, focus
needs to be drawn on whether feedback is a requirement when learn-
ing these operational skills.

Current literature suggests a predefined proficiency level based
on experts’ performance as an end point for novice training rather than
a fixed training time.15–18 Having attained a proficiency level on a
virtual reality simulator has thoroughly been investigated, and many
studies have shown improvement in performance in the operation
theater.2,3,5 These studies all included use of feedback, but their aim
was to investigate transfer of skills from the virtual environment to the
clinical setting and not how instructor feedback impacts performance
during simulator training. At present, it is relevant both to target
investigation on how instructor feedback influences learning and to
investigate amount of feedback needed to optimize learning. Within
motor skills learning, researchers have demonstrated that participants
who self-direct their access to instruction or feedback during practice
learn more than those whose access is controlled externally,19,20 but
it is uncertain whether these results apply in the surgical training
environment.

With a worldwide proliferation of simulation centers, it is
essential to explore the optimal circumstances for simulator train-
ing and investigate different learning approaches, for example, a
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self-directed approach and the impact and type of feedback. We
aimed to investigate the following in a randomized trial: the impact
of instructor feedback versus no instructor feedback when training a
complex operational task on a virtual reality simulator. Self-directed
practice regarding when to receive instructor feedback was applied. In
addition, sex differences, computer gaming skills, and self-perception
were examined during simulator training.

METHODS
The protocol for this trial has previously been published.21

Participants
Medical students in their fourth to sixth years (of 6 years)

were recruited through advertisements on Web sites at the surgical
and anesthesiological student associations at the Copenhagen Uni-
versity Medical School, Copenhagen, Denmark.21 The inclusion and
exclusion criteria used were as follows:

Inclusion criteria: (1) Medical bachelor degree (completion
of the first 3 of 6 years at the University of Copenhagen Medical
School). (2) Informed consent before enrolment. (3) Attendance at
an introductory meeting before the trial.

Exclusion criteria: (1) Independent experience with more than
3 laparoscopic procedures. (2) Prior experience with virtual reality
simulation. (3) Not fluent in the Danish language. (4) Lack of in-
formed consent.

The Virtual Reality Simulator Task and Equipment
The virtual reality simulator was a LapSim, version 2010,

produced by Surgical Science, Sweden. The virtual reality task was a
right-side laparoscopic salpingectomy due to an ectopic pregnancy. At
the end of each completed task, the virtual reality simulator summed
up time spent and quality of performance (Table 1) and presented au-
tomated feedback (ie, performance score) available to all participants.
The virtual reality simulator electronically recorded data from every
repetition. These electronic data was transferred to a secure database
by an independent investigator.

The Intervention Group and the Control Group
Both the intervention group and the control group had to reach

a predefined proficiency level. The predefined proficiency level was

TABLE 1. Predefined Proficiency Level for the Virtual Reality
Simulated Operation Module Right-side Laparoscopic
Salpingectomy

Variable Passing Range
Weight in Calculating

Performance Score

Total time >280 s 15
Blood loss >180 mL 15
Pool volume >10 mL 0
Ovary diathermy damage >3 s 5
Tube cut: uterus distance >4 mm 5
Bleeding vessel cut 0 Fail if performed
Evacuation from body >1 Fail if not performed
Left instrument path length >2 m 15
Left instrument angular path >350 degrees 15
Right instrument path length >3 m 15
Right instrument angular path >450 degrees 15

Based on 11 variables listed, the virtual reality simulator generates a performance
score (%) on the operational task: right-side salpingectomy, which is available for all
participants after each repetition. When all variables are within the passing range, the
predefined proficiency level (ie, expert level) is reached. Expert level is set and validated
in a previous study.22 The performance score is calculated on the basis of weighting of
the different parameters; the better the individual parameter, the better the performance
score.

defined and validated in a previous study by the same research group22

and is referred to as the “expert level” in this article. The expert level
had to be reached twice within 5 consecutive repetitions.

All participants were informed about the operational technique
of a salpingectomy during the obligatory introduction meeting.21 Fur-
thermore, all participants were instructed on the use of the virtual real-
ity simulator and shown the instruction video both on how to perform
the operational task and on how to interpret the automated feedback
generated by the simulator before the practice sessions began.

Practice sessions were maximum 3 hours per day; the virtual
reality training was not entirely of 3 hours, but it allowed for breaks
during training. Participants were instructed to finish the practicing
within a 2-month period.

The intervention group had an obligatory feedback session
oriented toward the first virtual reality operation and could addition-
ally request 2 instructor feedback sessions. One instructor (the first
author) provided the standardized feedback and used the same tem-
plate for every participant. The instructor feedback was 10 to 12
minutes long, and the template-used feedback was standardized and
consisted of the following: how to hold the laparoscopic instruments
and thereby minimize instrument movements, how to optimally use
electric cautery, and how to remove the fallopian tube. The feedback
was not tailored to individual needs.

The control group did not receive any instructor feedback. Both
groups were asked to complete a questionnaire before and after the
trial pertaining to perception of own surgical skills on a Likert-type
scale ranging from 1 to 5.

Outcome Measures
The outcome measures were as follows:
Primary outcome measures: Number of repetitions and total

time (in minutes) used to reach expert level.
Secondary outcome measure: The performance score (%) ob-

tained when expert level was reached. The performance score was
automatically generated by the virtual reality simulator and based on
performance recorded during the task (Table 1).

In post hoc analyses, the effects of sex and computer gaming
skills were explored.

Randomization and Participation
A computer randomization was performed at the Copenhagen

Trial Unit. The randomization procedure was concealed and executed
by using the participants’ unique personal identification number: the
central personal registration number. We followed the CONSORT
Statement for randomized trials.21

Sample Size Calculation
On the basis of data in a previous trial,4 it was assumed that par-

ticipants in the intervention group and the control group, on average,
would use 30 and 40 repetitions, respectively, to reach expert level
(ie, a minimal relevant difference of 10 repetitions). The standard
deviation was set to 15. With type I error set at 0.05 and power set at
0.90, the sample size added up to 96 participants, with 48 participants
in each group.

Statistical Analysis
The data were analyzed using SPSS (Chicago, IL), version

15.0. Two-sided significance tests were used with a level of signifi-
cance of 0.05. The distributions of each outcome measure were com-
pared between the intervention group and the control group, using
the general linear univariate model. The analyses were repeated, with
the covariate semester number and 2 protocol-specified cofactors (sex
and computer gaming experience) included.
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If the assumptions of the model (normally distributed residuals
and variance homogeneity of the groups compared) could not be
fulfilled using simple transformations of the data, the distributions of
the intervention group and the control group were compared using
a nonparametric test (Mann-Whitney). To adjust the P values for
multiple testing, the Holm procedure was used.23

All of the above-specified analyses were complete participant
analyses. If a significant effect of the intervention after adjustment
for multiple testing was noted, 3 sensitivity analyses were carried
out with a Mann-Whitney test, using mean values of the primary
and secondary outcomes: (1) the worst-case scenario (missing value
imputed by the most pessimistic value from the opposite group); (2)
strong bias (missing value imputed by the most pessimistic value in
the group to which it belonged); and (3) mild bias (missing value
imputed by the mean value found during the complete participant
analysis of the group to which the missing value did not belong).
These had increasing degree of bias by replacing missing values with
constructed ones reflecting the degree of skepticism of the observed
effect.

Figures are presented in error plots showing mean and 95%
confidence intervals (CIs). Post hoc analysis examined whether sex
and/or computer gaming experience interacted with the intervention.
Questionnaire replies concerning perception of own surgical skills
after the trial was analyzed with a Mann-Whitney test.

RESULTS
Primary and Secondary Outcome Measures

Participant enrollment and demographics are presented in
Figure 1. All participants reached the expert level within a 2-month
period. Average time per training session was 2 hours 20 minutes.

Table 2 shows the primary outcomes: the number of repetitions
and time (in minutes) to reach the expert level. It was necessary to
log transform the data to obtain Gaussian distributions and variance
homogeneity. Mean of ln(repetitions) (mean of the control group
minus mean of the intervention group) was 0.80 (95% CI, 0.56–1.03;
P < 0.0005) (Table 2). Mean of ln(minutes) [mean of the control
group minus mean of the intervention group was 0.734 (95% CI,
0.544–0.924; P < 0.0005)] (Table 2). Repetitions as well as time
were significantly higher in the control group than in the intervention
group.

The performance score (%) at expert level was significantly
lower in the intervention group (mean of control group minus
mean of intervention group) 7.23; 95% CI, 2.34–12.1; P = 0.004)
(Table 2). Similar results were obtained when the analysis was re-
peated with the protocol-specified cofactors included. Results were
still highly significant when adjusted for multiple testing.

Three participants dropped out from the control group in frus-
tration. However, the primary outcomes, repetitions and time, both
still differ highly significantly between the 2 groups in all 3 sensi-
tivity analyses (P = 0.005 in all 3 analyses). The analysis of the
performance score (%) obtained at the expert level was not signifi-
cant in the worst-case scenario (P = 0.24) and strong bias scenario
(P = 0.083), but significant in mild bias (P = 0.034) and original data
set scenarios (P = 0.004).

Responses from the questionnaire showed that participants’
perception of own surgical skills after the trial was significantly higher
in the intervention group (P = 0.011).

Post Hoc Analysis Regarding Sex and Computer
Gaming Skills

Post hoc analysis showed that men in general used significantly
less time to reach expert level than women (P = 0.037), but no
significant difference was observed about the number of repetitions

(P = 0.20). There was significant interaction between sex and the
intervention (P = 0.044); the effect of intervention seems to be more
pronounced in women than in men (Fig. 2). Borderline significance
(P = 0.051) was shown about repetitions in favor of men.

No significant interaction was found regarding computer gam-
ing experience and the outcome measures time and repetitions (P =
0.83 and P= 0.88, respectively). Participants with computer gam-
ing experience had a significantly higher performance score (%)
(P = 0.011).

Feedback Requests
Two participants did not request the second feedback session;

for them, 1 feedback session was sufficient. The second feedback ses-
sion was requested by 46 participants (96%) and oriented around the
tenth repetition (range, 6–11 repetitions). The third feedback session
was requested by 17 participants (35%) and was unevenly distributed
from the 14th to 50th repetitions. The average time spent on the
first, second, and third feedback sessions was 11, 11, and 8 minutes,
respectively.

DISCUSSION

Impact of Instructor Feedback
This randomized trial revealed that instructor feedback in-

creases the efficiency regarding the amount of time and number of
repetitions needed to reach a predefined proficiency level for a com-
plex simulated operation. The intervention group used less time and
fewer repetitions, and results were overall more homogeneous than
those obtained for the control group. However, the majority of the
control group succeeded in reaching the predefined proficiency level
(ie, expert level without instructor feedback). We expected that for
this group of novices practicing a complex task, the cognitive load
would be overwhelming. This was also the case for 3 participants
in the control group who dropped out because of frustration for not
being able to reach proficiency level. The control group, however,
achieved a significantly higher performance scores than the interven-
tion group, although at a significantly slower pace. This finding was
not unexpected; the performance score is a measure based on time
and accuracy and increases with training, and in average, the control
group used twice the amount of time training.

The control group participants assessed their own surgical
skills significantly lower after the trial than the intervention group.
The validity of self-assessment is disputable, and there is a differ-
ence between confidence and competence; improvement in confi-
dence is not necessarily translated into better competence and better
outcome.24,25 Nonetheless, the point of extensive skills training is
not for the trainees to feel a decline of skills, which is an additional
argument for supplementary feedback.

Because there were no dropouts from the intervention group, it
is likely that feedback would have allowed dropouts from the control
group to reach expert level.

Learning of simple and basic laparoscopic tasks, such as co-
ordination and instrument navigation, without instructor provided-
augmented feedback has previously been demonstrated in a random-
ized trial to be more effective than instructor-controlled learning.14

These basic tasks are relatively easy to accomplish intuitively, which
could explain the different findings in our randomized trial where the
task was a complex operation involving both knowledge and motor
skills. It is feasible that trainees who initially train on the virtual re-
ality simulator could learn simple tasks without instructor feedback.
However, on the basis of our findings, when proceeding to more
complex tasks, we recommend feedback from an instructor to ensure
time-efficient and correct learning.
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FIGURE 1. Participant enrollment
(complying the CONSORT State-
ment) and demographics. The distri-
bution of sex did not differ signifi-
cantly between dropouts and those
participating in the trial (P = 0.46),
nor did the presence of computer
gaming experience (P = 0.25). VR in-
dicates virtual reality.

TABLE 2. Mean Differences in Primary and Secondary Outcome Measures Between the Intervention
Group and the Control Group

Intervention Group (n = 48) Control Group (n = 43) P

Mean No. repetitions used to reach the expert level 29 (23.9–33.5) 65 (53.9–75.5) <0.0005
Mean time (min) used to reach the expert level 162 (140–183) 342 (285–398) <0.0005
Performance score (%) at the expert level 49 (45–53) 57 (53–60) 0.004

Values given in parentheses are 95% CI.

Boyle et al9 found that standardized feedback was associated
with significantly fewer errors and improved learning curve when
performing a hand-assisted laparoscopic colectomy on a the hybrid
simulator ProMIS (a hybrid simulator is a video trainer that provides
feedback) among 3- to 5-year surgical trainees. However, they did not
report how time consuming or how frequent feedback was provided.
Boyle et al9 argue that feedback could be provided by nonsurgical
staff, given the facilitator is sufficiently familiar with the procedure
and simulator, which is an argument we endorse but need to explore
further. Another randomized trial where the intervention group had
access to virtual reality training (but no feedback) and the control
group did not train on a virtual reality simulator indicated that sim-
ulator training in a nonsupervised setting may not be sufficient to
increase laparoscopic suturing skills.26

In contrast with previous studies,27,28 computer gaming experi-
ence was not a significant predictor of time and number of repetitions.

No baseline on the virtual reality simulator between the 2
groups was assessed because this familiarity with the virtual reality
simulator might have contaminated the outcome. In addition, because
of the nature of the randomization and the fact that there was no differ-
ence in operational experience between the 2 groups, it is reasonable
to believe that the results reflect the true observed differences. All
participants received the same standardized information regarding
the operational technique for a salpingectomy at the pretrial introduc-
tory meeting along with a review of the instruction video generated

by the virtual reality simulator. However, whether the 2 groups’ un-
derstanding of the procedure was the same is unknown; nevertheless,
because it is a homogeneous group of participants, it is reasonably
fair to state that they had the same minimum knowledge level. We did
fully obtain the planned sample size, but few participants had missing
values during the trial. The deviation of participants was very small,
and we do not believe it affects our results.

Participants indicated that instructor feedback positively af-
fected the trainees’ self-perception of surgical skills. This finding is
in accordance with other studies focusing on reactions from trainees
using simulation-based training. Among the advantages found were
improved self-confidence and self-efficacy and improved feeling of
being proficient.29,30 However, there were also some indications of
drawbacks, which include high levels of anxiety and stress.31,32 Lit-
tle is known about which personal and contextual factors facilitate
or impair transfer of learning from a simulation-based setting to the
clinical setting, and the next ideal step would be to demonstrate
improved clinical performance when having received standardized
feedback on a virtual reality simulator. One randomized trial within
endoscopic training of general surgery trainees proved better out-
come on colonoscopy when systematic feedback on colonoscopy
performance was applied.33 It is unknown whether the skills required
for colonoscopy and laparoscopy are the same; nonetheless, it is
reasonable to extrapolate the use of systematic feedback to other
specialties.
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FIGURE 2. Comparison of time used to reach expert level be-
tween men and women. The effect of intervention is signif-
icantly better in women than in men (P = 0.044). Women
in the intervention group: mean, 164; 95% CI, 139–189;
women in the control group: mean, 409; 95% CI, 326–493.
Men in the intervention group: mean, 159; 95% CI, 119–200;
men in the control group: mean, 257; 95% CI, 199–315. VR
indicates virtual reality.

Sex Differences in Surgical Virtual Reality Training
Men spent significantly less time reaching the predefined pro-

ficiency level than women, but no difference was found regarding the
number of repetitions. In addition, we found that the feedback influ-
enced the women’s performance more than that of men. These findings
are in accordance with several other studies, and yet this difference
remains largely unrecognized and, consequently, unaddressed.27,34,35

In an environment where laparoscopic training is increasing, it is im-
portant that surgical curricula acknowledge differences between sex
to ensure fair and personalized training opportunities.

Predefined Proficiency Level: Is the Bar Set High
Enough or Should We “Overtrain”?

Interestingly, we found that the control group reached the ex-
pert level with a significantly higher performance score than the
intervention group. One interpretation of this is that “practice makes
perfect” because, on average, the control group performed twice as
many operation modules and used double the amount of time prac-
ticing.

Since the introduction of virtual reality simulators in surgical
training 10 years ago, the optimal end point for simulation training has
been a predefined proficiency level based on that of expert surgeons
(ie, surgeons who have performed numerous operations).15–17 The
current standard is that trainees have to accomplish this level once or
twice, depending on the set up; in our trial, passing twice was applied.

“Overtraining” of intracorporeal suturing has been shown to
be beneficial on the learning curve,36 and an important determinant
of skills and knowledge retention is the amount of “overlearning” or
additional training beyond that required for proficiency.37 Specula-
tions could be made on whether a preset proficiency level based on
experts’ performance is a sufficient level for training. On the basis of
our findings, we suggest that when planning a surgical virtual reality
curriculum, an amount of overtraining or continuous training should
be considered.

Self-Directed Feedback
A self-directed learner takes responsibility for knowledge pro-

duction by becoming behaviorally and metacognitively active, and
increased autonomy probably allows the participant to tailor knowl-
edge production to his or her specific needs.19,38 Self-directed access
to instruction or feedback has within the sports domain demonstrated
higher learning outcomes than that for the participants whose ac-
cess is controlled externally.19,20,39 On the basis of this fact, we let

the intervention group participants decide themselves when they re-
quested feedback. Contrary to the motor skills research in sports,
which showed scattered feedback requests, our results showed feed-
back requests clustered around the 10th repetition of training. The dif-
ference could be explained by the fact that an operation is considered
high stakes and calls for feedback sooner, whereas in basketball,19

it is easier to perform “trial and error” without its perceived conse-
quences. Surprisingly, only one third of the participants wanted the
third feedback session; 2 sessions seemed sufficient. To our knowl-
edge, no prior studies have focused on the optimal time to provide
feedback in surgical virtual reality training. Our findings with feed-
back oriented around the first and 10th repetitions could be used as
a guideline, although it needs to be examined further whether this
result reflects a general tendency in simulator training.

Study Strengths and Limitations
One strength of this randomized trial is the relatively large

sample size compared with previous studies on efficiency of virtual
reality simulator training. This reduces the risk of random errors.40

Another strength is the conduct of central randomization and blinded
outcome assessment, that is, outcome produced by the virtual re-
ality simulator, which reduces the risk of both selection bias and
assessment bias.40 Instructor feedback was standardized to ensure
consistency and reproducibility and can therefore be replicated.

The major limitation is that the sample comprised senior medi-
cal students and hence generalizability of results to first-year trainees
to whom a virtual reality training curriculum would apply could be a
problem. The participating senior medical students had completed all
anatomy courses and the mandatory 6-month surgical stay oriented
toward the end of medical school, and, in several contexts, the trial
participants actually resembled first-year trainees because they often
have no prior laparoscopic training either. Moreover, the participants
were recruited from special interest groups. In comparison with a
previous trial by the same author group where first- and second-year
residents performed the same operational virtual reality task (and also
received feedback), the average number of repetitions used to reach
the predefined proficiency level is almost identical to the average
number used by the intervention group.4 Whether the senior medi-
cal students is a true resemblance to first-year residents is unknown,
thus we feel confident that motivation to learn this kind of complex
technical skills was equally high among the students as in first-year
postgraduate trainees.
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Future Perspectives
Research within the sports domain has shown that augmented

feedback can have a dramatic effect during training. Yet, whether
this effect reflects a sustainable capacity to perform the task needs
to be demonstrated in retention or transfer studies, for example, per-
formance of a similar but different task or performance in clinical
practice on real patients. Both these aspects are topics for future
research.

CONCLUSIONS
Instructor feedback increases efficiency when training a com-

plex operational task on a virtual reality simulator; time and repeti-
tions used to achieve a predefined proficiency level were significantly
reduced in the group that received instructor feedback compared with
the control group.
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