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Abstract The use of virtual reality (VR) simulation to

train surgeons has been supported by a body of experi-

mental data derived from randomized trials of VR

simulation training versus no such training. These inves-

tigations have focused on the use of VR devices to train

surgeons in laparoscopic and flexible endoscopic skills, and

the studies have generally demonstrated that skills acquired

through courses of training in VR transfer to the clinical or

animal laboratory setting, where assessments of various

types have been used to measure performance. These

studies, as well as the study model that describes them, and

the future of randomized trials of this type are reviewed.

The introduction of simulation methods has had a trans-

formational effect on medical training, and technology-

based applications, such as surgical virtual reality (VR),

have rapidly progressed from rudimentary concept-dem-

onstrators to practical training modalities. Virtual reality

surgical simulation can be defined as the use of a computer

to generate an environment with surgical relevance based

on mathematical models with which humans can interact

by using physical representations of surgical instruments.

The essential features of existing VR surgical simulators

enable their use to train surgical skills and/or to make

inferences about levels of surgical performance. In their

latter role, VR training systems are designed to measure

various facets of performance, such as motion and effi-

ciency characteristics, errors, and time to complete a

specified task. The systems also make it possible to record

this information in a database from which it can be

recovered for analysis. The validation of these measure-

ment capabilities has been the subject of intensive study by

investigators in several countries, with the aim of ulti-

mately establishing that training in a VR environment

improves clinical performance. A number of studies have

been undertaken to demonstrate that skills acquired during

VR training transfer to the operating room. The back-

ground, results, and significance of these studies are

reviewed.

Defining skill in simulation

The most significant steps in virtual reality surgical simu-

lator development have been taken in the areas of

endoscopic and laparoscopic surgery. Modeling the com-

puter-generated environment and user interfaces for these

applications has presented fewer obstacles to developers

than those that must be surmounted to simulate open sur-

gical procedures. Furthermore, most of what has been

rigorously studied of VR and surgical training effectiveness

has been in these areas. At present, VR simulation has been

used under both investigative and broad formative training

conditions. The latter use presumes that the training is of

value, whether or not actual increases in surgeon skill in

clinical settings have been demonstrated. The term VR-to-

OR, coined by Anthony G. Gallagher, has been used to

describe studies designed to show this type of skills

transfer. The extent to which VR has been adopted for

formative training, and may be adopted in the future, has

depended on the quality of such studies.
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Numerous investigations of the value of surgical VR

simulators as tools in performance measurement have been

undertaken. Such value signifies that when VR simulators

are used to measure performance, the measurements are

held to be accurate representations of a user’s skill, and that

performance data for those who are predictably less skilled

(e.g., beginners) and those who are more skilled (e.g.,

experts) will be accurately scaled to reflect these charac-

teristics. Arguably, this demonstration of construct or

contrast validity for VR surgical simulators is the funda-

mental requirement for acceptance of a device for

performance measurement during formative training.

Although this type of validation implies that the perfor-

mance gap between skilled and unskilled users can be

closed by deliberate practice, such a change can only be

demonstrated through actual use. In the absence of other

information, the performance levels demonstrated by

experts are the most appropriate performance targets for

novices. This use of specific performance objectives in a

proficiency-based training model is held to be the one that

is best able to achieve increases in clinical performance [1].

Once performance objectives are determined, there is an

opportunity to test the ability of the training subjects to

achieve them, and to test the effectiveness of completed

training based on some measurement of relevant real-world

performance. The manner in which learners are exposed to

VR in assessment and training can influence the rate at

which performance curves for novices and experts con-

verge. Factors that might influence achievement of

performance (and hence educational objectives) include

use of mentoring and real-time feedback during training, as

well as the difficulty of the task being trained. The latter

factor might reflect some fundamental challenge of the task

(e.g., complexity), or software configuration assignments

pertaining to difficulty. Examples of the latter include

tolerance for registering an error event or inability to pro-

gress in the task without achieving a specific intermediate

step (e.g., needle entry into simulated tissue not permitted

unless proper needle position in instrument achieved).

These characteristics underscore some of the fundamental

differences between VR and non-VR training systems.

VR to OR: demonstrating transfer of skill

The actual demonstration of skills transfer necessitates use

of tools to accurately measure the clinical skills relevant to

the VR training. In connection with this, the performance

measurement capabilities of the simulator are needed to

define the specific levels of skill in simulation that are

predictive of corresponding levels of clinical skill. Without

performance data in both settings, the simulator cannot be

used to infer skill or a lack of skill. Predictive validity

testing pertains to the demonstration that measured per-

formance in the simulation predicts future measured

performance in the real-world activity being simulated.

The demonstration of predictive validity is the basis for the

use of simulation performance measurements either to

make decisions regarding competence or to set require-

ments for advancement. This must be distinguished from a

study intended to demonstrate that skill acquired in simu-

lation transfers to the clinical environment.

To demonstrate that skills gained during simulation

training transfer to the operating room, a measurable end

point of training that maximizes the likelihood of seeing

such an effect should be defined. For the most part, studies

that have sought to demonstrate transferability of VR-

acquired skills have done so at the final phase of a course of

training in VR that uses proficiency-based [2, 3], repeti-

tion-based [4, 5], and time-based [6–8] training models. All

cited studies have used drug trial–like study designs, where

subjects have been randomized to VR training and control

study groups. There are no widely accepted norms for

definition of an adequate control group, however, and it

must be appreciated that control group characteristics

might profoundly affect the results of such a study. For

example, a control group that receives no specific training

might be expected to perform differently from one that

received some form of traditional training as an alternative

to VR. The power of inclusion of a control group into the

study design lies in the ability to establish a cause–effect

Fig. 1 Results of surgical resident performance after virtual reality

(VR) training of skills deemed vital to a specific clinical task

(excision of the gallbladder from the liver). These results demonstrate

the strength of the randomized trial in defining the skills transfer

effect by virtue of the control group (‘‘Standard trained’’) that had not

received any systematic training aside from their normal clinical

duties (from Annals of Surgery 2002;236:458–464, reproduced with

permission,)
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relationship between the simulator training and improve-

ment in clinical performance (Fig. 1).

One of the more significant difficulties presented by this

model of skills transfer testing is the requirement for valid

measures of clinical performance. Because most VR sim-

ulation devices provide a number of part-task training

experiences, it is necessary to select a clinical assessment

methodology that examines specific skills that might

imparted with such devices. In the absence of an appro-

priate pre-existing method, one must be designed. It is vital

not to overreach the capabilities of the VR system by

attempting to measure clinical performance in areas that

are beyond those trained by the VR task.

Conditions in the clinical operating room impose prac-

tical limits on performance measurement methods that

might employ obtrusive equipment or personnel that can

more easily be used in the training laboratory. In addition,

some types of skills are not appropriate to test in the

clinical OR in consideration of patient safety. This aspect

of study design is influenced by the make0up of the subject

group (e.g., medical students versus residents), as well as

the nature of the task being assessed. Some investigators

have addressed these issues by using animal models that

recreate some but not all of the conditions of the clinical

OR. A variety of means of assessing operative performance

have been described, including assessment of video

recordings [9, 10], global assessment methodologies

applied to live observations, or videos [11, 12]. In addition,

various designed-for-purpose operative performance

assessment methods that employ motion analysis [13, 14]

have been designed, as have more complex methods such

as those that use hidden Markov models [15]. The level of

validity testing to which these methods have been sub-

jected adds another level of complexity to the

demonstration of skills transfer from VR. To date, skills

transfer studies that examine operating room performance

have used direct observation and video assessments.

Recent reviews of published skills transfer studies have

concluded that this body of data is generally supportive of the

use of VR simulation devices to improve operative skills [16,

17]. Haque and Srinivasan recently reported the examination

of skills transfer from VR by meta-analysis of task comple-

tion time and error scores data for six studies reflecting a

combination of laparoscopic and flexible endoscopic VR

training [16]. This suggested a strong educational effect on

skills transfer, and it is the only study of this type to attempt to

show effectiveness of VR training on a broad basis. It

remains apparent, however, that individual attempts to

demonstrate skills transfer from VR have been quite limited,

as reflected in the relatively small number of publications

and the limited scope of the skills examined [2–8].

Although the number of surgical simulation developers

and devices has grown [18], only a limited number of

laparoscopic and flexible endoscopic VR training devices

have been studied specifically for skills transfer charac-

teristics. Most of these studies have defined time-based

criteria for VR training completion or have required per-

formance of a fixed number of repetitions prior to testing of

clinical skills (Table 1). The use of time (length of time or

number of sessions over which training occurred) as a

training endpoint allows for potentially large variations in

both exposure to the VR activity and in subject skill level.

Proficiency-based training has been employed less fre-

quently [2, 3].

Of the seven published studies of laparoscopic skills

transfer that were identified, one failed to demonstrate

transfer of skills [6]. Provided the study subject groups are

homogeneous from the standpoint of pretraining perfor-

mance, this finding suggests that either the training system

is deficient (e.g., it does not increase the skill level of the

learner) or the clinical assessment methodology did not

permit identification of the training effect. Unless there is

more detailed information about the training available, the

specific confounding issue is predictably difficult to iden-

tify. Training and control group homogeneity can be shown

by the use of pretraining psychometric tests (including the

use of the simulator as a psychometric study tool) [2], or a

pretraining clinical assessment of all study subjects [3].

The latter assessment has the potential disadvantage of

constituting a training experience that might affect both

control and study subjects and thus would dilute the ability

to demonstrate a simulator training effect. The cited study

that failed to identify skills transfer may have been ham-

pered by (1) a fairly complex ‘‘clinical’’ task (suture loop

application to a loop of bowel prepped to have the

appearance of an appendix in an anesthetized swine model)

performed by medical student study subjects after only a

brief tutorial, and (2) a very brief course of training (basic

manipulative tasks on MIST-VR) that was probably not

well matched to this procedure. It is important to recognize

that the inability to demonstrate a skills transfer effect does

not necessarily signify that the training or the simulator is

without value. Rather, the study results should prompt

examination of the details of implementation of VR

training and clinical skills assessment in order to better

understand how to use or improve these tools.

Several skills transfer studies of VR flexible endoscopic

trainers have been conducted [19–25], and the results have

generally been similar to those reported for laparoscopic

VR training. Global measures of performance, time to

procedure completion, and achievement of specific proce-

dural goals have been used as clinical skill metrics.

However, some of these studies have also examined clin-

ical outcomes, including patient discomfort and

satisfaction, as metrics for effectiveness of training [22–

24]. Efforts to look beyond the technical aspects of the

184 World J Surg (2008) 32:182–188

123



T
a

b
le

1
P

u
b

li
sh

ed
re

p
o

rt
s

o
f

ra
n

d
o

m
iz

ed
tr

ia
ls

o
f

v
ir

tu
al

re
al

it
y

tr
ai

n
in

g
an

d
sk

il
ls

tr
an

sf
er

ef
fe

ct
s

S
tu

d
y

S
tu

d
y

ty
p

e/
tr

ai
n

in
g

m
o

d
el

P
la

tf
o

rm
(s

)
C

li
n

ic
al

sk
il

l/
as

se
ss

m
en

t
m

et
h

o
d

R
es

u
lt

s

A
h

lb
er

g
et

al
.

[6
]

R
an

d
o

m
iz

ed
tr

ia
l/

ti
m

e-
b

as
ed

tr
ai

n
in

g
M

IS
T

-V
R

a
L

ap
ar

sc
o

p
ic

ap
p

en
d

ec
to

m
y

(p
ig

)/
b

li
n

d
ed

ra
te

r
v

id
eo

an
al

y
si

s

M
ed

ic
al

st
u

d
en

t
p

er
fo

rm
an

ce
w

it
h

tr
ai

n
in

g
w

as
n

o
b

et
te

r
th

an
th

at
o

f

n
o

n
-t

ra
in

ed
co

n
tr

o
ls

H
y

lt
an

d
er

et
al

.
[8

]
R

an
d

o
m

iz
ed

tr
ia

l/
u

n
d

efi
n

ed
L

ap
S

im
b

V
ar

io
u

s
la

p
ar

o
sc

o
p

ic
sk

il
ls

(p
ig

)/
b

li
n

d
ed

ra
te

r
v

id
eo

an
al

y
si

s

M
ed

ic
al

st
u

d
en

t
p

er
fo

rm
an

ce

im
p

ro
v

ed
w

it
h

tr
ai

n
in

g

H
am

il
to

n
et

al
.

[7
]

R
an

d
o

m
iz

ed
tr

ia
l/

ti
m

e-
b

as
ed

tr
ai

n
in

g
M

IS
T

-V
R

a
L

ap
ar

o
sc

o
p

ic
ch

o
le

cy
st

ec
to

m
y

(h
u

m
an

)/

b
li

n
d

ed
ra

te
r

g
lo

b
al

as
se

ss
m

en
t

S
u

rg
ic

al
re

si
d

en
t

p
er

fo
rm

an
ce

im
p

ro
v

ed
w

it
h

tr
ai

n
in

g

S
ey

m
o

u
r

et
al

.
[2

]
R

an
d

o
m

iz
ed

tr
ia

l/
p

ro
fi

ci
en

cy
-b

as
ed

tr
ai

n
in

g
M

IS
T

-V
R

a
L

ap
ar

o
sc

o
p

ic
ch

o
le

cy
st

ec
to

m
y

(h
u

m
an

)/

b
li

n
d

ed
ra

te
r

v
id

eo
an

al
y

si
s

S
u

rg
ic

al
re

si
d

en
t

p
er

fo
rm

an
ce

im
p

ro
v

ed
w

it
h

tr
ai

n
in

g

G
ra

n
tc

h
ar

o
v

et
al

.
[4

]
R

an
d

o
m

iz
ed

tr
ia

l/
fi

x
ed

n
u

m
b

er
o

f
re

p
et

it
io

n
s

M
IS

T
-V

R
a

L
ap

ar
o

sc
o

p
ic

ch
o

le
cy

st
ec

to
m

y
(h

u
m

an
)/

b
li

n
d

ed
ra

te
r

v
id

eo
an

al
y

si
s

S
u

rg
ic

al
re

si
d

en
t

p
er

fo
rm

an
ce

im
p

ro
v

ed
w

it
h

tr
ai

n
in

g

Y
o

u
n

g
b

lo
o

d
et

al
.

[5
]

R
an

d
o

m
iz

ed
tr

ia
l/

fi
x

ed
n

u
m

b
er

o
f

re
p

et
it

io
n

s
L

ap
S

im
b

V
ar

io
u

s
la

p
ar

o
sc

o
p

ic
sk

il
ls

(p
ig

)/
b

li
n

d
ed

ra
te

r
v

id
eo

an
al

y
si

s

M
ed

ic
al

st
u

d
en

t
p

er
fo

rm
an

ce

im
p

ro
v

ed
w

it
h

tr
ai

n
in

g

G
an

ai
et

al
.

[3
]

R
an

d
o

m
iz

ed
tr

ia
l/

p
ro

fi
ci

en
cy

-b
as

ed
tr

ai
n

in
g

E
n

d
o

to
w

er
c

A
n

g
le

d
la

p
ar

o
sc

o
p

e
(p

ig
)/

b
li

n
d

ed
ra

te
r

as
se

ss
m

en
t

M
ed

ic
al

st
u

d
en

t
p

er
fo

rm
an

ce

im
p

ro
v

ed
w

it
h

tr
ai

n
in

g

O
st

et
al

.
[1

9
]

R
an

d
o

m
iz

ed
tr

ia
l/

fi
x

ed
n

u
m

b
er

o
f

re
p

et
it

io
n

s
A

cc
u

to
u

ch
d

b
ro

n
ch

o
sc

o
p

y

B
ro

n
ch

o
sc

o
p

y
(h

u
m

an
)/

d
ir

ec
t

o
b

se
rv

at
io

n
F

el
lo

w
s

p
er

fo
rm

ed
ta

sk
fa

st
er

an
d

m
o

re
sk

il
fu

ll
y

af
te

r
V

R
tr

ai
n

in
g

th
an

u
n

tr
ai

n
ed

co
n

tr
o

ls
.

R
o

w
e

et
al

.
[2

0
]

R
an

d
o

m
iz

ed
tr

ia
l/

u
n

d
efi

n
ed

A
cc

u
to

u
ch

d

b
ro

n
ch

o
sc

o
p

y

F
ib

er
o

p
ti

c
in

tu
b

at
io

n
(h

u
m

an
)/

b
li

n
d

ed

ra
te

r
v

id
eo

an
al

y
si

s

R
es

id
en

ts
p

er
fo

rm
ed

ta
sk

fa
st

er
an

d

m
o

re
sk

il
fu

ll
y

af
te

r
V

R
tr

ai
n

in
g

th
an

u
n

tr
ai

n
ed

co
n

tr
o

ls

G
er

so
n

an
d

V
an

D
am

[2
1
]

R
an

d
o

m
iz

ed
tr

ia
l/

fi
x

ed
m

in
im

u
m

n
u

m
b

er
o

f

re
p

et
it

io
n

s

Im
m

er
si

o
n

si
g

m
o

id
o

sc
o

p
y

tr
ai

n
er

d

S
ig

m
o

id
o

sc
o

p
y

(h
u

m
an

)/
d

ir
ec

t

o
b

se
rv

at
io

n
an

d
p

at
ie

n
t

su
rv

ey

R
es

id
en

ts
p

er
fo

rm
ed

le
ss

sk
il

fu
ll

y

af
te

r
V

R
tr

ai
n

in
g

th
an

a
co

h
o

rt

tr
ai

n
ed

o
n

ac
tu

al
cl

in
ic

al
p

ro
ce

d
u

re
s

S
ed

la
ck

an
d

K
o

la
rs

[2
2
]

R
an

d
o

m
iz

ed
tr

ia
l/

ti
m

e-
b

as
ed

tr
ai

n
in

g
A

cc
u

to
u

ch
d

co
lo

n
o

sc
o

p
y

C
o

lo
n

o
sc

o
p

y
(h

u
m

an
)/

d
ir

ec
t

o
b

se
rv

at
io

n

an
d

p
at

ie
n

t
su

rv
ey

V
R

tr
ai

n
ed

re
si

d
en

t-
p

er
fo

rm
ed

p
ro

ce
d

u
re

s
w

er
e

as
so

ci
at

ed
w

it
h

le
ss

p
at

ie
n

t-
re

p
o

rt
ed

d
is

co
m

fo
rt

S
ed

la
ck

et
al

.
[2

3
]

R
an

d
o

m
iz

ed
tr

ia
l/

ti
m

e-
b

as
ed

tr
ai

n
in

g
A

cc
u

to
u

ch
d

co
lo

n
o

sc
o

p
y

C
o

lo
n

o
sc

o
p

y
(h

u
m

an
)/

d
ir

ec
t

o
b

se
rv

at
io

n

an
d

p
at

ie
n

t
su

rv
ey

G
I

F
el

lo
w

s
p

er
fo

rm
ed

m
o

re
sk

il
fu

ll
y

af
te

r
V

R
tr

ai
n

in
g

B
lu

m
et

al
.

[2
4
]

R
an

d
o

m
iz

ed
tr

ia
l/

ti
m

e-
b

as
ed

tr
ai

n
in

g
A

cc
u

to
u

ch
d

co
lo

n
o

sc
o

p
y

B
ro

n
ch

o
sc

o
p

y
(h

u
m

an
)/

d
ir

ec
t

o
b

se
rv

at
io

n
R

es
id

en
ts

p
er

fo
rm

ed
m

o
re

sk
il

fu
ll

y

af
te

r
V

R
tr

ai
n

in
g

K
n

o
ll

et
al

.
[2

5
]

N
o

n
ra

n
d

o
m

iz
ed

tr
ia

l/
u

n
d

efi
n

ed
U

ro
M

en
to

re

u
re

te
ro

sc
o

p
y

U
re

te
ro

re
n

o
sc

o
p

y
(h

u
m

an
)/

u
n

d
efi

n
ed

U
ro

lo
g

y
re

si
d

en
ts

p
er

fo
rm

ed
fa

st
er

af
te

r
V

R
tr

ai
n

in
g

th
an

a
n

o
n

tr
ai

n
ed

co
h

o
rt

a
M

en
ti

ce
A

B
,

G
ö
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clinical task are very important, and improved outcomes

will ultimately provide the most compelling argument for

the use of VR simulation training. From the cited studies it

remains to be defined how the simulator-trained behaviors

may have affected patient comfort, or whether the use of

analgesic or sedative medications differed in either the VR-

trained group or the non-trained group.

Although most of the study designs paralleled those for

laparoscopic skills transfer studies in their use of VR-

trained and non-trained study groups, all of these studies

employed non-blinded direct observations for clinical

assessments, raising observer bias concerns. One of the

studies [22] used a control group that received training on

10 actual clinical flexible sigmoidoscopies prior to clinical

performance testing on the same task. Not unexpectedly,

these subjects performed better than a group trained

exclusively on a VR simulator prior to the same clinical

assessment. It is difficult to draw specific conclusions from

this type of comparison both because it does not define the

training benefit of the VR device or support the most

appropriate application of a lab-based device (e.g., use of

VR simulation training as a preparatory step to actual

clinical endoscopies on humans). A more useful compari-

son might be between a VR simulator and non-VR training

device, such as a benchtop anatomic model.

Current views of VR-to-OR studies

Although most of the cited VR-to-OR studies show skills

transfer effects, it is necessary to look beyond these

positive data, and to formulate practical recommendations

pertaining to formative training of operative skills. The

VR-to-OR skills transfer study model should be viewed as

a means of demonstrating the value of a very deliberately

designed VR training activity, rather than of the simulator

itself. Because the scope of these studies has been rather

narrow, surgery educators examining the prospect of

adding VR simulators to their training programs currently

face some uncertainties with regard to implementation of

effective VR training activities. Only three skills transfer

studies involving laparoscopic surgery have used surgical

residents as study subjects. The selection process leading

to this subject pool makes it substantially different from

one comprised of medical students, and extrapolating

training results from studies examining medical student

skills to resident training may be problematic. There is an

imperative to achieve the highest possible level of per-

formance in a surgical trainee with lab-based training

because of the potential implications for patient care. This

means deliberate selection of VR task(s), selection of task

difficulty levels, selection of duration of training, and

definition of reasonable performance objectives.

Optimally, performance objectives should be selected and

vetted to be the skills of experts, and training protocols

for residents should be designed to allow achievement of

those skills without restrictions that might be imposed by

a time limit such as a medical student’s surgical rotation

length. Skills transfer from VR for surgical residents

should be meaningful both in scale and in comparison to

the performance expected from experts. This requires

assessment of both resident and expert clinical perfor-

mance on tasks that may be inappropriate for a medical

student to perform even with preliminary training.

To date, none of the reports on laparoscopic skills transfer

from VR contrast post-training clinical skills to those of

expert surgeons in the clinical OR. The VR-to-OR study

design with non-trained study subjects is not required to

accomplish this. In 2005, the European Association of

Endoscopic Surgeons (EAES) published consensus guide-

lines on validation of VR surgical simulators [17]. This work

forwarded levels of recommendation for VR systems based

on specific evidence-linked criteria for demonstration of

construct and concurrent or predictive validity. These cri-

teria define randomized trials as constituting the highest

qualitative level of evidence, warranting the highest levels of

recommendation. This view of the scientific rigor to which

systems must be subjected in order to be considered ‘‘valid’’

best represents current thinking and planning for the use of

VR in any decision-making process intended to certify sur-

geon competence. However, as stated previously, the

concept that the simulator is validated by such studies ought

to be dropped in favor of the view that the training curriculum

using the simulator is shown to be effective or ineffective.

The current focus on simulator validity does not necessarily

follow models of simulator use in other undertakings where

long-standing developmental and implementation experi-

ence has permitted firm assumptions in support of use of

simulation as a bedrock tool to train skills and to answer

performance-related questions. An alternative use of ran-

domized trials to show skills transfer with VR training might

be to compare training curricula with the aim of maximizing

training benefit.

Discussion

At this stage in the use of VR surgical training platforms,

ethical questions may arise concerning the VR-to-OR

model described above. A major concern is the use of ‘‘no

training’’ control subjects, particularly if the studies involve

application of clinical skills in human patients. As we move

forward to an era where high-fidelity VR procedural sim-

ulation becomes feasible, ethical questions become more

relevant. In order to take advantage of the advancing

capabilities of VR simulation, a new phase of study and
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validation ought to be envisioned that defines additional

methods to examine outcomes of training. Alternatives to

randomized trials of the type characterized as ‘‘VR-to-OR’’

would examine results of actual usage within the framework

of well-designed curricula, rather than small-scale investi-

gative efforts to provide ongoing performance data and to

establish training effectiveness. Concurrent and predictive

validity study models require multiple methods of assess-

ments to establish correlation of contemporaneous and

future lab and clinical performance with performance

achieved in VR. These types of data can be obtained under

non-investigative conditions during the course of actual

training. One example of concurrent validity might be

correlation of performance in VR with contemporaneous

performance in a gold standard training lab test such as an

objective structured assessment of technical skill (OSATS)

evaluation [26]. Although predictive validity, or the ability

to predict future clinical performance based on measured

performance in VR, is sometimes associated with the VR-

to-OR study model, the demonstration that an assessment

system is predictively valid does not require untrained

control subjects. Predictive validity implies a higher level of

fidelity to the real situation in which the task is used than

concurrent validity, and it can also be examined on an

ongoing basis in the course of actual formative training and

clinical activities. This would require development and

routine use of assessment systems for clinical performance

that are not widely used today. Similarly, serial tests of lab

and clinical performance (repeated measures study model)

can suggest a cause–effect relationship between VR simu-

lator training and improved operative performance [27],

with effectiveness defined by achievement of measurable

expert performance goals (Fig. 2).

Virtual reality training systems are intended to create

new experiential learning opportunities that can serve as

safe and effective alternatives to more traditional learning

venues, such as the clinical operating room. The optimal

use of new VR training platforms requires that the best

possible assessment methods for the clinical OR be devised

and validated. More intensive evaluation of this type could

be used to guide implementation of innovative training

methods such as VR, based on a dynamic process of con-

tinuous examination of performance, identification of

performance outliers, and modeling of training activities to

achieve carefully selected training goals based on expert

performance behaviors.
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