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B
y D

r. G
reg

o
ry W

elch
, D

r. A
rju

n
 N

ag
en

d
ran

, D
r. Jerem

y N
. B

ailen
so

n
, D

r. C
h

arles E. H
u

g
h

es, 
P

ete M
u

ller, an
d

 D
r. P

eter Sq
u

ire

“I’ve D
o

n
e T

h
is B

efo
re”

A
 n

atu
ral d

isaster h
as stru

ck a co
u

n
try lo

cated
 in

 th
e P

acific 

reg
io

n
. T

h
e U

.S. N
avy an

d
 M

arin
e C

o
rp

s are o
n

 th
eir w

ay, 

ch
arg

ed
 w

ith
 ren

d
erin

g
 aid

 an
d

 secu
rity to

 a p
o

p
u

latio
n

 

facin
g

 d
esp

erate circu
m

stan
ces. In

 th
e m

id
st o

f th
e ch

ao
s, 

th
e M

arin
es w

ill h
ave to

 in
teract w

ith
 civilian

s w
h

o
 are in

 

sh
o

ck an
d

 even
 an

g
ry ab

o
u

t th
eir situ

atio
n

. T
h

e en
viro

n
m

en
t, 

th
e p

eo
p

le, an
d

 th
e ch

ao
tic circu

m
stan

ces w
o

u
ld

 n
o

rm
ally 

b
e co

m
p

letely u
n

fam
iliar to

, fo
r in

stan
ce, a yo

u
n

g
 M

arin
e 

fro
m

 th
e M

id
w

est. Yet b
efo

re th
e M

arin
es step

 o
ff

 th
e sh

ip
, 

o
r even

 kn
o

w
 ab

o
u

t th
is sp

ecific d
isaster, th

ey w
ill h

ave 

exp
erien

ced
 sim

ilar settin
g

s an
d

 in
teracted

 w
ith

 h
u

m
an

s in
 

co
m

p
arab

le ch
ao

tic an
d

 em
o

tio
n

ally ch
arg

ed
 situ

atio
n

s—
all 

th
ro

u
g

h
 a ran

g
e o

f im
m

ersive train
in

g
. 

T
h

e p
h

ysical terrain
 can

n
o

t b
e rep

licated
 exactly, b

u
t a sim

ilar 

atm
o

sp
h

ere can
 b

e created
 u

sin
g

 th
e en

viro
n

m
en

tal stim
u

li 

(sig
h

ts, so
u

n
d

s, sm
ells, etc.) th

at M
arin

es w
ill en

co
u

n
ter. 

A
lth

o
u

g
h

 an
 en

tire cu
ltu

re can
n

o
t b

e im
p

o
rted

 in
to

 m
ilitary 

train
in

g
, su

rro
g

ates (tech
n

o
lo

g
ical o

r h
u

m
an

 su
b

stitu
tes) 

can
 rep

licate h
u

m
an

 in
teractio

n
s u

n
d

er varyin
g

 cu
ltu

ral 

an
d

 em
o

tio
n

al situ
atio

n
s. A

n
d

 w
h

ile o
n

e can
n

o
t p

red
ict 

every situ
atio

n
 M

arin
es m

ay face, n
u

m
ero

u
s scen

ario
s can

 

b
e co

n
stru

cted
 fo

r th
em

 to
 exp

erien
ce. Fro

m
 th

o
u

san
d

s o
f 

m
iles aw

ay, b
efo

re th
e en

g
ag

em
en

t ever o
ccu

rs, all a lan
ce 

co
rp

o
ral m

ay n
eed

 to
 d

o
 is p

u
t o

n
 a sp

ecial p
air o

f g
lasses 

an
d

 an
 earp

iece, w
alk in

to
 th

e villag
e, an

d
 face th

e civilian
s.

Train
in

g
 is a critical p

art o
f p

rep
arin

g
 fo

r an
y o

p
eratio

n
 su

ch
 

as th
is o

n
e. 

O
ver th

e p
ast tw

o
 d

ecad
es, th

e O
ffi

ce o
f N

aval R
esearch

 
(O

N
R

) h
as b

een
 at th

e fo
refro

n
t o

f d
evelo

p
in

g
 im

m
ersive 

train
in

g
 cap

ab
ilities th

at seek to
 p

ro
vid

e a sen
se o

f “p
resen

ce” 
fo

r w
arfig

h
ters. Im

m
ersio

n
 refers to

 an
 o

b
jective level 

o
f fid

elity in
 an

 en
viro

n
m

en
t o

r w
ith

 a h
u

m
an

 su
rro

g
ate. 

P
resen

ce refers to
 a u

ser’s p
sych

o
lo

g
ical sen

se o
f b

ein
g

 in
 an

 
en

viro
n

m
en

t th
at is, w

ith
 a h

u
m

an
 su

rro
g

ate, o
ften

 m
easu

red
 

b
y th

e train
ee’s verb

al, p
h

ysio
lo

g
ical, an

d
 b

eh
avio

ral 
ch

aracteristics.

O
n

e exam
p

le is th
e In

fan
try Im

m
ersio

n
 Train

er (IIT
) facility 

at C
am

p
 P

en
d

leto
n

, C
alifo

rn
ia, w

h
ere O

N
R

’s Tech
So

lu
tio

n
s 

g
ro

u
p

 tran
sfo

rm
ed

 a fo
rm

er to
m

ato
 p

ackin
g

 p
lan

t in
to

 

a state-o
f-th

e-art train
in

g
 facility. T

h
e IIT

 rep
licates a 

M
id

d
le Eastern

 villag
e co

m
p

rised
 o

f life-sized
 p

h
ysical 

stru
ctu

res su
ch

 as ap
artm

en
ts, alleys, an

d
 a m

arketp
lace. 

It is in
h

ab
ited

 b
y a m

ix o
f real h

u
m

an
 acto

rs, an
im

atro
n

ic 

(ro
b

o
tic) h

u
m

an
s, an

d
 p

ro
jected

 virtu
al (d

ig
ital) h

u
m

an
s.

T
h

e Fu
tu

re Im
m

ersive Train
in

g
 En

viro
n

m
en

t (FIT
E) Jo

in
t 

C
ap

ab
ility Tech

n
o

lo
g

y D
em

o
n

stratio
n

 w
as a th

ree-year, 

O
N

R
-led

 in
itiative aim

ed
 at d

em
o

n
stratin

g
 th

e valu
e o

f 

ad
van

ced
 sm

all-u
n

it im
m

ersive in
fan

try train
in

g
 system

s. 

FIT
E in

clu
d

ed
 d

em
o

n
stratio

n
s o

f an
im

atro
n

ic h
u

m
an

s 

an
d

 p
ro

jected
 virtu

al h
u

m
an

s, b
u

t also
 visu

ally im
m

ersive 

h
ead

-w
o

rn
 d

isp
lays. 

T
h

e H
u

m
an

 Elem
en

t

T
h

ere is a w
id

e g
u

lf b
etw

een
 m

ach
in

e versu
s h

u
m

an
 

sim
u

latio
n

. To
d

ay’s flig
h

t sim
u

lato
rs, fo

r exam
p

le, are 

so
 eff

ective th
at in

 so
m

e cases it is p
o

ssib
le fo

r p
ilo

ts 

to
 d

o
 10

0
 p

ercen
t o

f th
eir train

in
g

 in
 sim

u
lato

rs an
d

 b
e 

certified
 to

 fly th
e real aircraft w

ith
 real p

assen
g

ers. O
n

e 

reaso
n

 flig
h

t sim
u

lato
rs can

 b
e so

 eff
ective is th

at th
ey are 

sim
u

latin
g

 th
e b

eh
avio

r o
f a m

ach
in

e m
ad

e b
y h

u
m

an
s. 

U
n

fo
rtu

n
ately, th

e d
etailed

 “p
ro

cessin
g

” (th
in

kin
g

) an
d

 

b
eh

avio
r o

f h
u

m
an

s is m
u

ch
 m

o
re d

iffi
cu

lt to
 m

o
d

el. In
 

th
is article, w

e fo
cu

s o
n

 p
ractical an

d
 eff

ective h
u

m
an

 

su
rro

g
ates—

sim
u

lated
 h

u
m

an
s to

 b
e u

sed
 in

 im
m

ersive 

train
in

g
 o

f h
u

m
an

-h
u

m
an

 in
teractio

n
s. H

u
m

an
 su

rro
g

ates 

can
 b

e virtu
al, p

h
ysical, p

h
ysical-virtu

al, an
d

 even
 real. 

V
irtu

al h
u

m
an

 su
rro

g
ates are realized

 u
sin

g
 co

m
p

u
ter 

g
rap

h
ics m

o
d

els o
f h

u
m

an
s an

d
 d

isp
layed

 o
n

 a larg
e 

flat p
an

el d
isp

lay, o
n

 a p
ro

jectio
n

 screen
, o

r in
 a h

ead
-

w
o

rn
 d

isp
lay. T

h
e p

u
rely co

m
p

u
ter-g

en
erated

 n
atu

re o
f 

su
ch

 virtu
al h

u
m

an
s o

ff
ers th

e flexib
ility to

 ch
an

g
e th

eir 

ap
p

aren
t sizes, skin

 to
n

es, p
erso

n
alities, g

en
d

ers, o
r o

th
er 

q
u

alities. In
 ad

d
itio

n
, th

ey can
 b

e realized
 u

sin
g

 o
ff

-th
e-

sh
elf co

m
p

u
ters an

d
 d

isp
lay system

s an
d

 are relatively 

sim
p

le to
 m

ain
tain

. 

V
irtu

al h
u

m
an

 su
rro

g
ates can

 b
e u

sed
 in

 a stan
d

-alo
n

e 

train
in

g
 scen

ario
. Fo

r exam
p

le, in
 co

llab
o

ratio
n

 w
ith

 th
e 

D
efen

se Eq
u

al O
p

p
o

rtu
n

ities M
an

ag
em

en
t In

stitu
te at 

P
atrick A

ir Fo
rce B

ase, research
ers at th

e U
n

iversity o
f 

C
en

tral Flo
rid

a’s Syn
th

etic R
eality Lab

 are d
evelo

p
in

g
 

m
ed

iated
 exp

erien
ces fo

r eq
u

al o
p

p
o

rtu
n

ity train
in

g
 

an
d

 ad
d

ressin
g

 m
ilitary sexu

al trau
m

a. U
sin

g
 o

u
r 

A
vatar M

ed
iated

 In
teractive Train

in
g

 an
d

 In
d

ivid
u

alized
 

Exp
erien

ce System
 (A

M
IT

IES) in
frastru

ctu
re, co

o
rd

in
ato

r 

can
d

id
ates can

 in
teract w

ith
 virtu

al m
ilitary p

erso
n

n
el, 

h
elp

in
g

 th
ese train

ees d
evelo

p
 th

e kn
o

w
led

g
e an

d
 

h
u

m
an

-to
-h

u
m

an
 skills req

u
ired

 to
 ad

d
ress th

e n
eed

s o
f 

p
o

ten
tial victim

s. T
h

e u
ltim

ate g
o

al is to
 p

ro
vid

e a w
id

e 

variety o
f exp

erien
ces w

ith
o

u
t in

vo
lvin

g
 actu

al victim
s 

w
h

o
 co

u
ld

 b
e severely d

am
ag

ed
 b

y in
teractin

g
 w

ith
 an

 

in
exp

erien
ced

 co
o

rd
in

ato
r.

V
irtu

al h
u

m
an

 su
rro

g
ates also

 can
 b

e em
b

ed
d

ed
 o

r 

in
teg

rated
 in

to
 a p

h
ysical en

viro
n

m
en

t d
esig

n
ed

 to
 m

im
ic 

a real lo
catio

n
. T

h
is can

 b
e acco

m
p

lish
ed

 b
y em

b
ed

d
in

g
 

d
isp

lays an
d

 screen
s in

to
 th

e p
h

ysical stru
ctu

re, as is d
o

n
e 

at th
e IIT

 facility in
 C

am
p

 P
en

d
leto

n
. “Im

m
ersive” h

ead
-

w
o

rn
 d

isp
lays can

 b
e u

sed
 to

 rep
lace a u

ser’s view
 w

ith
 

th
e d

yn
am

ic im
ag

ery an
d

 so
u

n
d

s o
f virtu

al en
viro

n
m

en
ts 

an
d

 virtu
al h

u
m

an
s, an

d
 “see-th

ro
u

g
h

” h
ead

-w
o

rn
 d

isp
lays 

can
 visu

ally o
verlay virtu

al h
u

m
an

s o
n

to
 a real scen

e.

P
h

ysical h
u

m
an

 su
rro

g
ates in

clu
d

e ro
le p

layers (su
ch

 as 

p
aid

 acto
rs) o

r h
u

m
an

-sh
ap

ed
 an

im
atro

n
ic ro

b
o

ts th
at 

h
ave ru

b
b

er “skin
” an

d
 are clo

th
ed

 to
 lo

o
k an

d
 m

o
ve 

like sp
ecific h

u
m

an
s. C

o
m

p
ared

 to
 p

u
rely virtu

al h
u

m
an

 

su
rro

g
ates, p

h
ysical h

u
m

an
 su

rro
g

ates o
ccu

p
y a sp

ace 

w
ith

 a realistic h
u

m
an

 fo
rm

. Fro
m

 a train
in

g
 p

ersp
ective 

th
is is in

terestin
g

, b
ecau

se th
ere is so

m
e evid

en
ce th

at 

p
ro

xim
al h

u
m

an
s are typ

ically m
o

re en
g

ag
ed

 w
ith

 p
h

ysical 

su
rro

g
ates th

an
 th

ey are w
ith

 virtu
al su

rro
g

ates. O
n

 th
e 

o
th

er h
an

d
, p

u
rely p

h
ysical h

u
m

an
 su

rro
g

ates su
ch

 as 

D
isn

ey-typ
e an

im
atro

n
ics w

ill lo
o

k like th
e sam

e p
erso

n
 

u
n

til th
e ru

b
b

er face “m
ask” is ch

an
g

ed
. In

 ad
d

itio
n

, th
e 

fid
elity o

f facial an
d

 b
o

d
y m

o
vem

en
t is lim

ited
 b

y th
e 

m
ech

an
ical d

esig
n

, w
h

ich
 can

n
o

t b
e easily altered

 after 

b
ein

g
 m

an
u

factu
red

. 

P
h

ysical-virtu
al h

u
m

an
 su

rro
g

ates can
 b

e realized
 b

y 

co
m

b
in

in
g

 d
yn

am
ic co

m
p

u
ter g

rap
h

ics w
ith

 h
u

m
an

-

sh
ap

ed
 (an

d
 p

o
ten

tially d
yn

am
ic) p

h
ysical fo

rm
s. A

 

Subjects often do not seem
 to treat technology-based surrogates as hum

ans, 
but as tasks or gam

es that m
ust be m

astered via a form
ulaic interaction. The 

problem
 is that real hum

ans are com
plex cognitive and em

otional beings, 
and for m

ost training scenarios such rote behavior is likely undesirable. 

M
a

s
te

rin
g

 th
e

 H
u

m
a

n
 

E
le

m
e

n
t o

f Im
m

e
rs

iv
e

 T
ra

in
in

g
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 IM
M

E
R

S
IV

E
 T

R
A

IN
IN

G

p
h

ysical-virtu
al su

rro
g

ate co
m

p
rises a co

m
b

in
atio

n
 o

f 

realistic sh
ap

es an
d

 realistic ap
p

earan
ce (co

lo
r an

d
 textu

re). 

Su
ch

 a m
an

ifestatio
n

 sh
ares featu

res o
f b

o
th

 virtu
al an

d
 

p
h

ysical su
rro

g
ates; th

ey h
ave realistic p

h
ysical h

u
m

an
 

sh
ap

e an
d

 size, an
d

 th
ey can

 ap
p

ear w
ith

 d
iff

eren
t races, 

g
en

d
ers, p

erso
n

alities, etc.

T
h

e b
eh

avio
r o

r “so
u

l” o
f th

e h
u

m
an

 su
rro

g
ate can

 b
e 

su
p

p
lied

 b
y a co

m
p

u
ter, a rem

o
te h

u
m

an
, o

r so
m

e 

co
m

b
in

atio
n

. W
h

en
 co

n
tro

lled
 au

to
n

o
m

o
u

sly b
y a 

co
m

p
u

ter, th
e su

rro
g

ate o
ften

 is referred
 to

 as an
 em

b
o

d
ied

 

ag
en

t. W
ith

 su
p

p
o

rt fro
m

 O
N

R
 an

d
 th

e D
ep

artm
en

t o
f th

e 

A
rm

y, research
ers at th

e U
n

iversity o
f So

u
th

ern
 C

alifo
rn

ia’s 

In
stitu

te fo
r C

reative Tech
n

o
lo

g
ies h

ave b
een

 p
u

sh
in

g
 th

e 

b
o

u
n

d
aries o

f w
h

at’s p
o

ssib
le w

ith
 su

ch
 ag

en
ts. W

h
en

 

co
n

tro
lled

 b
y a h

u
m

an
, o

r “in
h

ab
iter,” th

e su
rro

g
ate is o

ften
 

referred
 to

 as an
 avatar. T

h
e A

M
IT

IES in
frastru

ctu
re su

p
p

o
rts 

a b
len

d
 o

f au
to

n
o

m
o

u
s-h

u
m

an
 ag

en
cy, w

h
ich

 p
ro

vid
es 

th
e fid

elity an
d

 flexib
ility o

f a h
u

m
an

 w
h

ile m
in

im
izin

g
 th

e 

co
g

n
itive an

d
 p

h
ysical d

em
an

d
s o

n
 th

e h
u

m
an

 o
p

erato
r. 

G
ettin

g
 th

e H
u

m
an

 Su
rro

g
ate R

ig
h

t

T
h

ere is a w
id

esp
read

 an
d

 u
n

d
erstan

d
ab

le d
esire to

 u
se 

tech
n

o
lo

g
y-b

ased
 h

u
m

an
 su

rro
g

ates rath
er th

an
 live ro

le 

p
layers. R

eal h
u

m
an

 su
rro

g
ates are typ

ically very g
o

o
d

 at 

w
h

at th
ey d

o
, b

u
t th

ey are exp
en

sive an
d

 n
o

t n
ecessarily 

as co
n

tro
llab

le (o
r as co

n
sisten

t an
d

 reliab
le) as o

n
e m

ig
h

t 

like. T
h

ere is, h
o

w
ever, so

m
e evid

en
ce in

 th
e literatu

re, 

as w
ell as an

ecd
o

tal acco
u

n
ts fro

m
 th

e IIT, th
at su

b
jects 

o
ften

 treat tech
n

o
lo

g
y-b

ased
 h

u
m

an
 su

rro
g

ates (virtu
al, 

p
h

ysical, o
r p

h
ysical-virtu

al) d
iff

eren
tly fro

m
 h

u
m

an
s. In

 

fact, su
b

jects o
ften

 d
o

 n
o

t seem
 to

 treat tech
n

o
lo

g
y-b

ased
 

su
rro

g
ates as h

u
m

an
s, b

u
t as tasks o

r g
am

es th
at m

u
st 

b
e m

astered
 via a fo

rm
u

laic in
teractio

n
. T

h
e p

ro
b

lem
 is 

th
at h

u
m

an
s are co

m
p

lex co
g

n
itive an

d
 em

o
tio

n
al b

ein
g

s, 

an
d

 fo
r m

o
st train

in
g

 scen
ario

s su
ch

 ro
te b

eh
avio

r is likely 

u
n

d
esirab

le. T
h

e su
b

-h
u

m
an

 p
ercep

tio
n

s o
f tech

n
o

lo
g

y-

b
ased

 su
rro

g
ates are n

o
t u

n
d

ersto
o

d
 in

 an
y system

atic 

w
ay, so

 th
ere is little o

r n
o

 g
u

id
an

ce o
n

 w
h

at facto
rs are 

im
p

o
rtan

t fo
r th

e d
esig

n
 an

d
 u

se o
f tech

n
o

lo
g

y-b
ased

 

h
u

m
an

 su
rro

g
ates.

A
s a step

 to
w

ard
 d

evelo
p

in
g

 fo
rm

al kn
o

w
led

g
e g

u
id

in
g

 th
e 

d
esig

n
 an

d
 u

se o
f tech

n
o

lo
g

y-b
ased

 h
u

m
an

 su
rro

g
ates, 

w
e are u

n
d

ertakin
g

 a strateg
ic eff

o
rt to

 assess th
e 

eff
ectiven

ess o
f altern

ative m
an

ifestatio
n

s u
n

d
er d

iff
eren

t 

circu
m

stan
ces. W

e are carryin
g

 o
u

t stu
d

ies w
h

ere w
e 

m
an

ip
u

late th
e ch

aracteristics o
f th

e h
u

m
an

 su
rro

g
ates 

in
 a co

n
tro

lled
 m

an
n

er an
d

 m
easu

re th
e eff

ects o
n

 th
e 

h
u

m
an

 su
b

ject (th
e train

ee). 

T
h

ere are th
ree b

ro
ad

 ch
aracteristics o

f h
u

m
an

 su
rro

g
ates 

w
e can

 m
an

ip
u

late: co
g

n
itive ch

aracteristics, su
ch

 as th
e 

su
rro

g
ate’s ap

p
aren

t ab
ility to

 “th
in

k” (e.g
., to

 b
e reactive o

r 

p
ro

active); p
ercep

tu
al ch

aracteristics, su
ch

 as th
e fid

elity 

o
f th

e su
rro

g
ate’s size an

d
 sh

ap
e, visu

al ap
p

earan
ce, vo

ice, 

an
d

 m
o

vem
en

t; an
d

 so
cial/cu

ltu
ral ch

aracteristics, su
ch

 

as p
erso

n
ality, g

en
d

er, so
cio

-eco
n

o
m

ic statu
s, ag

e, an
d

 

eth
n

icity. T
h

e ch
o

sen
 su

rro
g

ate’s ch
aracteristics aff

ect 

th
e in

teractin
g

 h
u

m
an

’s ap
p

aren
t b

eliefs an
d

 illu
sio

n
s, 

b
eh

avio
r, p

h
ysio

lo
g

y, th
o

u
g

h
ts, an

d
 tru

st.

To
 facilitate th

e evalu
atio

n
 o

f th
e eff

ects, w
e h

ave created
 a 

lab
o

rato
ry-b

ased
 test b

ed
 co

m
p

risin
g

 vario
u

s ch
an

g
eab

le 

h
u

m
an

 su
rro

g
ate fo

rm
s; an

 u
n

d
erlyin

g
 so

ftw
are fram

ew
o

rk 

su
p

p
o

rtin
g

 co
n

sisten
t co

n
tro

l; an
d

 vario
u

s m
ech

an
ism

s 

fo
r m

easu
rin

g
 th

e eff
ects o

n
 h

u
m

an
 su

b
jects. Exam

p
les 

o
f h

u
m

an
 su

rro
g

ate m
an

ifestatio
n

s in
 o

u
r test b

ed
 in

clu
d

e 

virtu
al su

rro
g

ates ap
p

earin
g

 o
n

 p
ro

jectio
n

 d
isp

lays; virtu
al 

su
rro

g
ates ap

p
earin

g
 in

 see-th
ro

u
g

h
 h

ead
-w

o
rn

 d
isp

lays; 

an
im

atro
n

ic su
rro

g
ates; a cu

sto
m

-b
u

ilt, p
h

ysical-virtu
al 

su
rro

g
ate w

ith
 realistic p

h
ysical b

o
d

y an
d

 a d
yn

am
ic 

co
m

p
u

ter g
rap

h
ics face; an

d
 a co

m
m

ercial p
h

ysical-virtu
al 

su
rro

g
ate called

 th
e R

o
b

oT
h

esp
ian

.

To
 m

easu
re th

e eff
ects o

n
 h

u
m

an
 su

b
jects o

f o
u

r co
n

tro
lled

 

m
an

ip
u

latio
n

s o
f th

e h
u

m
an

 su
rro

g
ates, w

e in
stru

m
en

ted
 

o
u

r lab
o

rato
ry w

ith
 system

s fo
r w

id
e-area b

o
d

y trackin
g

, 

eye trackin
g

, h
eart/p

u
lse sen

sin
g

, skin
 co

n
d

u
ctan

ce 

resp
o

n
se (sw

eat) sen
so

rs, an
d

 vid
eo

/au
d

io
 reco

rd
in

g
 an

d
 

an
alysis. W

e are d
evelo

p
in

g
 a so

ftw
are-b

ased
 fram

ew
o

rk 

fo
r o

n
lin

e, real-tim
e m

o
n

ito
rin

g
 an

d
 statistical an

alysis o
f 

th
e h

u
m

an
-su

rro
g

ate state an
d

 even
ts. T

h
is allo

w
s u

s to
 

o
b

serve th
in

g
s su

ch
 as w

h
ere th

e h
u

m
an

 su
b

ject is lo
o

kin
g

 

w
h

ile a su
rro

g
ate is talkin

g
 an

d
 w

h
eth

er th
e h

u
m

an
 su

b
ject 

ap
p

ro
p

riately m
o

ves in
 resp

o
n

se to
 th

reaten
in

g
 statem

en
ts 

o
r m

o
vem

en
ts b

y a su
rro

g
ate.

W
e are co

n
d

u
ctin

g
 vario

u
s co

n
tro

lled
 stu

d
ies w

h
ere w

e 

m
an

ip
u

late su
rro

g
ate ch

aracteristics an
d

 o
b

serve th
e 

eff
ects o

n
 p

eo
p

le. Fo
r exam

p
le, w

e are exam
in

in
g

 th
e 

eff
ects o

f th
e “p

h
ysicality” o

f th
e su

rro
g

ate (virtu
al vs. 

p
h

ysical-virtu
al); w

h
eth

er o
r h

o
w

 g
estu

res b
y th

e su
rro

g
ate 

aff
ect th

e su
b

ject’s p
ercep

tio
n

 o
f th

e su
rro

g
ate; w

h
eth

er it 

m
atters if th

e su
rro

g
ate visu

ally atten
d

s to
 p

laces o
f m

u
tu

al 

in
terest (e.g

., if th
e su

b
ject p

o
in

ts to
 so

m
eth

in
g

, d
o

es th
e 

su
rro

g
ate lo

o
k th

ere?); an
d

 h
o

w
/w

h
eth

er th
e p

erceived
 

lo
catio

n
 an

d
 fid

elity o
f th

e su
rro

g
ate vo

ice im
p

acts th
e 

su
b

ject’s p
ercep

tio
n

 o
f th

e su
rro

g
ate. B

eyo
n

d
 o

u
r o

w
n

 

co
n

tro
lled

 stu
d

ies, w
e are also

 in
 th

e p
ro

cess o
f carryin

g
 

o
u

t a fo
rm

al m
eta-an

alysis o
f p

rio
r research

 related
 to

 

h
u

m
an

 su
rro

g
ate in

teractio
n

s.

Fu
tu

re
 C

h
alle

n
g

e
s an

d
 O

p
p

o
rtu

n
itie

s

O
u

r strateg
ic g

o
als w

ith
 resp

ect to
 h

u
m

an
 su

rro
g

ates 

in
clu

d
e d

efin
in

g
 an

 im
m

ersive scien
ce sp

ace w
h

ere 

ch
aracteristics an

d
 g

u
id

elin
es ach

ieve so
m

e d
esired

 g
o

als, 

su
ch

 as levels o
f em

p
ath

y, tru
st, o

r en
g

ag
em

en
t. T

h
is is 

n
o

t sim
p

ly a m
atter o

f co
st eff

ectiven
ess, b

u
t also

 train
in

g
 

eff
ectiven

ess. O
ver th

e n
ext few

 years w
e w

ill b
e d

evelo
p

in
g

 

an
d

 alig
n

in
g

 m
eth

o
d

s an
d

 m
easu

res w
ith

in
 th

e lab
 an

d
 

train
in

g
 en

viro
n

m
en

ts, co
llectin

g
 d

ata, an
d

 b
eg

in
n

in
g

 to
 

d
evelo

p
 an

 o
verview

 an
d

 g
u

id
elin

es fo
r th

e d
esig

n
 an

d
 u

se 

o
f h

u
m

an
 su

rro
g

ates.

W
ith

 resp
ect to

 im
m

ersive scien
ces m

o
re b

ro
ad

ly, w
e w

an
t 

to
 em

u
late/sim

u
late fu

tu
re crisis en

viro
n

m
en

ts w
ith

in
 a 

train
in

g
 en

viro
n

m
en

t to
d

ay. W
e w

an
t to

 u
n

d
erstan

d
 h

o
w

 
to

 rep
licate th

e scen
ario

 fro
m

 th
e safety o

f a train
in

g
 

facility o
r a p

erso
n

al train
in

g
 system

 an
d

 d
eterm

in
e h

o
w

 
b

est to
 u

se th
at train

in
g

 tim
e to

 en
h

an
ce skills. W

e n
eed

 to
 

d
eterm

in
e h

o
w

 to
 d

efin
e th

e im
m

ersive sp
ace th

at co
u

ld
 

b
e rep

licated
 w

ith
in

 a train
in

g
 en

viro
n

m
en

t, d
eterm

in
e 

th
e critical m

easu
res n

eed
ed

 to
 assess th

e variab
les w

ith
in

 
th

at im
m

ersive sp
ace, an

d
 u

n
d

erstan
d

 th
e accessib

ility an
d

 
fu

n
ctio

n
ality o

f th
e m

eth
o

d
s an

d
 m

easu
res fro

m
 lab

o
rato

ry 
to

 train
in

g
 en

viro
n

m
en

t.

T
h

e kn
o

w
led

g
e w

e d
evelo

p
 in

 th
is en

d
eavo

r sh
o

u
ld

 
in

flu
en

ce ap
p

licatio
n

s b
eyo

n
d

 m
ilitary train

in
g

. M
an

y o
th

er 
d

iscip
lin

es rely o
n

 eff
ective h

u
m

an
-h

u
m

an
 in

teractio
n

s an
d

 
co

u
ld

 b
en

efit fro
m

 h
u

m
an

-su
rro

g
ate train

in
g

. Fo
r exam

p
le, 

sch
o

o
l- teach

ers n
eed

 to
 eff

ectively co
m

m
u

n
icate an

d
 

in
teract w

ith
 an

 in
creasin

g
ly co

m
p

lex stu
d

en
t p

o
p

u
latio

n
, 

an
d

 h
ealth

care p
ractitio

n
ers n

eed
 to

 u
n

d
erstan

d
 an

d
 

em
p

ath
ize w

ith
 th

eir p
atien

ts as p
art o

f eff
ective d

iag
n

o
sis 

an
d

 treatm
en

t. 

T
h

e ch
allen

g
e b

efo
re u

s is to
 rep

ro
d

u
ce th

e co
g

n
itive an

d
 

p
ercep

tu
al ch

aracteristics o
f a h

u
m

an
 su

rro
g

ate w
ith

 su
ch

 
fid

elity an
d

 co
n

sisten
cy th

at th
e train

ee is n
o

t co
n

scio
u

s th
at 

b
o

th
 th

e situ
atio

n
 an

d
 th

e su
rro

g
ate are co

n
trived

. In
stead

, 
w

e w
an

t th
e train

ee to
 b

e so
 en

g
ag

ed
 w

ith
—

an
d

 p
erh

ap
s so

 
em

o
tio

n
ally aff

ected
 b

y—
th

e o
th

er “h
u

m
an

” th
at th

e M
arin

es 
o

r Sailo
rs b

ein
g

 train
ed

 m
u

st fo
cu

s o
n

 m
an

ag
in

g
 th

eir o
w

n
 

em
o

tio
n

s w
h

ile in
teractin

g
 w

ith
 th

e “h
u

m
an

” to
 carry o

u
t 

th
eir jo

b
s. 
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