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ABSTRACT

Artificial Intelligence (AI) is rapidly evolving, and systems are becoming more profici-
ent in collaborating with humans. These systems not only respond to users’ requests
but can also anticipate their potential needs and meet them. However, the understan-
ding of proactivity in the context of human-vehicle interaction is limited, and existing
research is based on common sense rather than a clear concept of proactivity. In this
study, we explore the theme and concept of proactivity in human-vehicle interaction
through a literature review and case study. We also provide insights about the content
that needs to be designed for proactive interaction. The study’s findings will help resea-
rchers and designers better comprehend proactive interaction in the new relationships
between humans and vehicles and support interaction design in this field.
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INTRODUCTION

The aim of this paper is to explore the concept of proactive interaction from
existing literature and illustrate its application in proactive interaction design.
By doing so, we aim to enhance the comprehension of proactive interaction
design. Furthermore, we intend to identify the content of human vehicle pro-
active interaction, which can be leveraged to create effective and efficient
proactive interaction designs.

THE RELATED WORKS OF PROACTIVITY

To explore the means of proactivity in human-vehicle interaction, we fol-
low the prior study in many different disciplines, including human-computer
interaction(HCI), human-robot interaction(HRI), human-vehicle interaction,
and occupational psychology. It’s worth understanding one term from diffe-
rent views in different contexts. We choose 20 critical papers from hundred
related papers for inductive analysis.

We summarize information from a set of research papers, and categories
them including author, year, context, description, discipline, and keywords
in Table 1. The context is the proactivity-related context in the paper. The
description is the proactivity-related description in the paper. Keywords are

© 2023. Published by AHFE Open Access. All rights reserved. 182

https://doi.org/10.54941/ahfe1003804


Exploring Proactivity in Human-Vehicle Interaction 183

Ta
b
le

1.
T

h
e

d
es

cr
ip

ti
o

n
o

f
p

ro
ac

ti
vi

ty
in

d
iff

er
en

t
d

is
ci

p
lin

es
.

N
o.
A
ut
ho

rs
ye
ar

C
on

te
xt

D
es
cr
ip
ti
on

K
ey

w
or
ds

H
C
I

1(
T
en
ne
nh

ou
se
,

20
00

)
D
es
cr
ib
e
a
ne
w

pa
ra
di
gm

fo
r
co
m
pu

te
r
sy
st
em

s
an

d
pr
op

os
al

th
re
e
lo
ci
fo
r
pr
oa

ct
iv
e
co
m
pu

ti
ng

.
“W

ill
be

in
ti
m
at
el
y
co
nn

ec
te
d
to

th
e
w
or
ld

ar
ou

nd
th
em

by
us
in
g
se
ns
or
s
an

d
ac
tu
at
or
s,
re
sp
on

d
to

ex
te
rn
al

st
im

ul
ia

t
fa
st
er
-t
ha

n-
hu

m
an

sp
ee
ds
,a

nd
m
ov

e
fr
om

hu
m
an

-c
en
te
re
d

to
hu

m
an

-s
up

er
vi
se
d
(o
r
ev
en

un
su
pe
rv
is
ed
)
co
m
pu

ti
ng

.”

R
es
po

nd
to

ex
te
rn
al

st
im

ul
i,
hu

m
an

s
ar
e

ab
ov

e
th
e
lo
op

,h
um

an
su
pe
rv
is
ed
,

U
nd

er
st
an

di
ng

us
er

be
ha

vi
or

an
d
th
e

w
or
ld
.

2(
X
ia
o,

C
at
ra
m
bo

ne
an

d
St
as
ko

,2
00

3)

T
hi
s
w
or
k
ex
am

in
ed

th
e
ef
fe
ct
s
of

in
te
rf
ac
e

as
si
st
an

ts
as

co
m
pa

re
d
to

tr
ad

it
io
na

l
do

cu
m
en
ta
ti
on

in
he
lp
in
g
pe
op

le
us
e
an

un
fa
m
ili
ar

te
xt
-e
di
ti
ng

to
ol
.T

he
pr
oa

ct
iv
e
su
gg
es
ti
on

of
th
e

as
si
st
an

t
di
d
no

t
im

pr
ov

e
pe
rf
or
m
an

ce
bu

t
w
as

vi
ew

ed
as

he
lp
fu
l.

“B
y
pr
oa

ct
iv
e,
w
e
m
ea
n
th
at

th
e
as
si
st
an

t,
in

ad
di
ti
on

to
an

sw
er
in
g
qu

er
ie
s,
w
ill

m
ak

e
un

so
lic
it
ed

su
gg
es
ti
on

s.
”

U
ns
ol
ic
it
ed

su
gg
es
ti
on

s,
un

de
rs
ta
nd

ab
le

an
d
ap

pr
op

ri
at
e
ar
e
th
e
im

po
rt
an

t
fe
at
ur
es

in
pr
oa

ct
iv
e
as
si
st
an

t

3(
Sa
lo
va
ar
a
an

d
O
ul
as
vi
rt
a,

20
04

)
T
hi
s
w
or
k
cl
ar
if
y
th
e
co
nc
ep
t
of

pr
oa

ct
iv
it
y
an

d
su
gg
es
t
a
ty
po

lo
gy

th
at

di
st
in
gu

is
he
s
be
tw

ee
n
6

m
od

es
of

pr
oa

ct
iv
e
re
so
ur
ce

m
an

ag
em

en
t.

“P
ro
ac
ti
ve

be
ha

vi
or
s
ar
e
in
te
nd

ed
to

ca
us
e
ch
an

ge
s,
ra
th
er

th
an

ju
st
to

re
ac
t
to

ch
an

ge
s.
Tw

o
cr
it
ic
al

fe
at
ur
es

of
pr
oa

ct
iv
e
sy
st
em

:b
eh
al
f
of

us
er
,t
ak

in
g
in
it
ia
ti
ve

au
to
no

m
ou

sl
y,
w
it
ho

ut
us
er
’s
ex
pl
ic
it
co
m
m
an

d.
”

C
on

te
xt
-s
en
si
ti
ve
,b

eh
al
f
of

us
er
,

in
it
ia
ti
no

n
au

to
no

m
ou

sl
y,
ca
us
e
ch
an

ge
s

ra
th
er

th
an

re
ac
t

4(
Is
be
ll
an

d
Pi
er
ce
,

20
05

)
Pr
es
en
ts
an

in
te
rf
ac
e-
pr
oa

ct
iv
it
y
(I
P)

co
nt
in
uu

m
th
at

ex
pr
es
se
s
po

te
nt
ia
lb

al
an

ce
s
of

pr
oa

ct
iv
it
y

be
tw

ee
n
th
e
us
er

an
d
th
e
sy
st
em

.T
he
y
al
so

co
ns
id
er

th
e
as
so
ci
at
ed

m
et
ri
cs
.

T
hi
s
w
or
k
fr
am

e
pr
oa

ct
iv
it
y
by

us
in
g
re
sp
on

si
bi
lit
y
fo
r

ta
ki
ng

ac
ti
on

.
A
ge
nt

so
le
ly

re
sp
on

si
bl
e
fo
r
ac
ti
ng

,
m
et
ri
cs
,s
ys
te
m

m
ak

in
g
su
gg
es
ti
on

an
d

de
ci
si
on

5(
N
ot
hd

ur
ft
,U

lt
es

an
d
M
in
ke
r,
20

15
)

Pr
es
en
t
th
e
ch
al
le
ng

es
of

pr
oa

ct
iv
en
es
s
in

di
al
og

ue
sy
st
em

s
an

d
ho

w
th
es
e
in
fl
ue
nc
e
th
e
ef
fe
ct
iv
en
es
s
of

tu
rn
-t
ak

in
g.

“P
ro
ac
ti
vi
ty

in
te
ch
ni
ca
ls
ys
te
m
s
is
an

au
to
no

m
ou

s,
an

ti
ci
pa

to
ry

sy
st
em

-i
ni
ti
at
ed

be
ha

vi
ou

r,
w
it
h
th
e
pu

rp
os
e

to
ac
t
in

ad
va
nc
e
of

a
fu
tu
re

si
tu
at
io
n,

ra
th
er

th
an

on
ly

re
ac
ti
ng

to
it
.”

A
ct
io
n
in

ad
va
nc
e,
an

ti
ci
pa

to
ry

ac
ti
on

,
sy
st
em

-i
ni
ti
at
ed

be
ha

vi
ou

r;
fu
tu
re

si
tu
at
io
n

6(
K
ra
us

et
al
.,
20

20
)

Pr
es
en
t
an

em
pi
ri
ca
ls
tu
dy

on
th
e
ef
fe
ct
s
of

pr
oa

ct
iv
e
di
al
og

ue
st
ra
te
gi
es

on
us
er

ac
ce
pt
an

ce
an

d
U
X
.

E
xp

lic
it
,a

nd
im

pl
ic
it
pr
oa

ct
iv
e
as
si
st
an

ce
ar
e
ex
te
nd

ed
th
e

de
sc
ri
be
d
ba

si
c
fu
nc
ti
on

al
it
ie
s
by

co
lle
ct
in
g
us
er

pr
ef
er
en
ce
s
an

d
su
gg
es
ti
ng

ap
pr
op

ri
at
e
m
ea
ls
to

us
er
s.

U
se
r
pr
ef
er
en
ce
s,
gi
ve

su
gg
es
ti
on C
on
ti
nu
ed



184 Li and Sun

Ta
b
le

1.
C

o
n

ti
n

u
ed

.
N
o.
A
ut
ho

rs
ye
ar

C
on

te
xt

D
es
cr
ip
ti
on

K
ey

w
or
ds

H
R
I

7(
M
ok

et
al
.,
20

15
)

T
hi
s
w
or
k
ex
am

in
es

ho
w

pr
oa

ct
iv
it
y
an

d
ex
pr
es
si
on

ef
fe
ct

us
er

pe
rc
ep
ti
on

.T
he

re
su
lt
sh
ow

s
th
at

ha
vi
ng

a
ro
bo

t
pe
rf
or
m

ex
pr
es
si
ve

m
ov

em
en
ts
gr
ea
tl
y

af
fe
ct
s
ho

w
in
te
ra
ct
io
n
is
pe
rc
ei
ve
d
by

th
e
us
er
.

“A
pr
oa

ct
iv
e
ro
bo

t
an

ti
ci
pa

te
d
a
us
er
’s
im

pe
nd

in
g
ne
ed
s

an
d
in
it
ia
te
d
an

ac
ti
on

to
co
m
pl
et
e
a
ta
sk
.”

A
nt
ic
ip
at
e,
in
it
ia
te
d
by

ro
bo

t,
us
er
’s

im
pe
nd

in
g
ne
ed
s

8(
C
es
ta
et
al
.,
20

07
)

T
hi
s
w
or
k
ev
al
ua

te
el
de
rl
y
pe
op

le
’s
pe
rc
ep
ti
on

of
as
si
st
iv
e
ro
bo

ts
an

d
do

m
ot
ic
en
vi
ro
nm

en
ts
.T

he
pr
oa

ct
iv
e
in
te
ra
ct
io
n
in

m
or
e
us
ef
ul

in
em

er
ge
nc
y

an
d
he
al
th
ca
re

si
tu
at
io
n
th
an

on
-d
em

an
d

in
te
ra
ct
io
ns

an
d
pr
oa

ct
iv
e
su
gg
es
ti
on

si
tu
at
io
n.

“P
ro
ac
ti
ve

in
te
ra
ct
io
n
in

w
hi
ch

th
e
in
te
lli
ge
nt

en
vi
ro
nm

en
t

co
m
m
en
ce
s
in
te
ra
ct
io
n
gu

id
ed

by
it
s
in
te
rn
al

re
as
on

in
g.
”

In
te
rn
al

re
as
on

in
(r
ob

ot
),
in
te
lli
ge
nt

en
vi
ro
nm

en
t
co
m
m
en
ce
s

9(
Si
ri
th
un

ge
,

Ja
ya
se
ka

ra
an

d
C
ha

nd
im

a,
20

19
)

T
hi
s
w
or
k
as
se
ss
es

in
te
lli
ge
nt

sy
st
em

s
w
hi
ch

w
er
e

ca
pa

bl
e
of

ev
al
ua

ti
ng

th
e
em

ot
io
na

ls
ta
te

of
hu

m
an

s
pr
io
r
to

an
in
te
ra
ct
io
n,

an
d
id
en
ti
fi
es

th
e
cu
es

an
d

ev
al
ua

ti
on

te
ch
ni
qu

es
th
at

w
er
e
ut
ili
ze
d
by

su
ch

in
te
lli
ge
nt

ag
en
ts
to

si
m
ul
at
e
an

d
ev
al
ua

te
th
e

su
it
ab

ili
ty

of
a
pr
oa

ct
iv
e
in
te
ra
ct
io
n.

“P
ro
ac
ti
ve

ro
bo

ts
:R

ob
ot
s
w
hi
ch

id
en
ti
fy

th
e
re
qu

ir
em

en
t

of
a
ce
rt
ai
n
si
tu
at
io
n
an

d
ac
ts
in
st
an

tl
y
w
it
ho

ut
an

y
in
st
ru
ct
io
ns

fr
om

ou
ts
id
e.
”

Si
tu
at
io
n
cl
ue
,i
de
nt
if
y
re
qu

ir
em

en
t
of

si
tu
at
io
n,

ac
ts
in
st
an

tl
y

10
(P
en
g
et
al
.,
20

19
)

E
va
lu
at
e
th
e
ef
fe
ct
s
of

D
M
S
ro
bo

t’s
pr
oa

ct
iv
it
y
in

3l
ev
el
s
on

us
er

pe
rc
ep
ti
on

s
an

d
in
te
ra
ct
io
n

be
ha

vi
or
s.

“D
ef
in
ed

th
e
pr
oa

ct
iv
it
y
as

th
e
an

ti
ci
pa

to
ry

ac
ti
on

th
at

ro
bo

ts
in
it
ia
te

to
im

pa
ct

th
em

se
lv
es

an
d/
or

ot
he
rs
.“

A
nt
ic
ip
at
io
n,

au
to
no

m
y
di
m
en
si
on

s,
ro
bo

ts
in
it
ia
te
,i
m
pa

ct

11
(T
an

et
al
.,
20

20
)

T
hi
s
w
or
k
ex
pl
or
e
th
e
re
la
ti
on

sh
ip

be
tw

ee
n

pr
oa

ct
iv
it
y
in

so
ci
al

ro
bo

t
be
ha

vi
or

an
d
a
us
er
’s

pe
rc
ep
ti
on

of
an

th
ro
po

m
or
ph

ic
at
tr
ib
ut
es
.T

he
re
su
lt
in
di
ca
te
d
th
at

al
la

nt
hr
op

om
or
ph

ic
at
tr
ib
ut
es

of
di
ff
er
en
t
pr
oa

ct
iv
it
y
le
ve
ls
ha

ve
a
si
gn

if
ic
an

t
di
ff
er
en
ce
.

“T
he
y
de
ve
lo
pe
d
pr
oa

ct
iv
it
y
in

5
le
ve
ls
ba

se
d
on

th
e

ro
bo

t’s
au

to
m
at
ic
le
ve
ls
,t
he

am
ou

nt
of

in
fo
rm

at
io
n
se
nt

by
th
e
ro
bo

t
th
ro
ug

h
pr
oa

ct
iv
e
be
ha

vi
or

an
d
th
e
us
er
’s

at
te
nt
io
n
re
so
ur
ce
s
ar
e
us
ed

to
im

pl
em

en
t
th
e
so
ci
al

in
te
ra
ct
io
n.
”

A
ut
om

at
ic
le
ve
ls
,i
nf
or
m
at
io
n
le
ve
ls
,u

se
r

at
te
nt
io
n,

us
er
’s
at
te
nt
io
n
re
so
ur
ce
s

C
on
ti
nu
ed



Exploring Proactivity in Human-Vehicle Interaction 185

Ta
b
le

1.
C

o
n

ti
n

u
ed

.
N
o.
A
ut
ho

rs
ye
ar

C
on

te
xt

D
es
cr
ip
ti
on

K
ey

w
or
ds

H
um

an
-v
eh
ic
le
in
te
ra
ct
io
n

12
(B
ad

er
,W

oe
rn
dl

an
d
Pr
in
z,
20

10
)

Pr
op

os
al

a
ne
w

m
od

el
fo
r
si
tu
at
io
n
aw

ar
en
es
s

ta
ilo

re
d
to

pr
oa

ct
iv
e
re
co
m
m
en
da

ti
on

s
in

au
to
m
ot
iv
e
sc
en
ar
io
s.

“P
ro
ac
ti
ve

sy
st
em

s
w
or
ks

on
ta
sk
s
an

d
is
su
pe
rv
is
ed

by
th
e

us
er
,i
ns
te
ad

of
th
e
sy
st
em

an
sw

er
in
g
us
er

qu
er
ie
s

in
te
ra
ct
iv
el
y.
”

su
pe
rv
is
ed

by
th
e
us
er
,t
he

ri
gh

t
in
fo
rm

at
io
n
at

th
e
ri
gh

t
ti
m
e
to

th
e
ri
gh

t
us
er
,r
ec
om

m
en
da

ti
on

s
13

(W
oe
rn
dl
et
al
.,

20
11

)
T
hi
s
w
or
k
in
tr
od

uc
e
a
m
od

el
fo
r
pr
oa

ct
iv
it
y
in

m
ob

ile
re
co
m
m
en
de
r
sy
st
em

s,
w
hi
ch

re
lie
s
on

do
m
ai
n-
de
pe
nd

en
t
co
nt
ex
t
m
od

el
in
g
in

se
ve
ra
l

ca
te
go

ri
es
.

“P
ro
ac
ti
vi
ty

m
ea
ns

th
at

th
e
sy
st
em

pu
sh
es

re
co
m
m
en
da

ti
on

s
to

th
e
us
er

w
he
n
th
e
cu
rr
en
t
si
tu
at
io
n

se
em

s
ap

pr
op

ri
at
e.
”

R
el
ie
s
on

co
nt
es
t,
us
er

no
t
to

su
bm

it
an

y
re
qu

es
t,
cu
rr
en
t
si
tu
at
io
n

14
(B
ad

er
,2

01
3)

T
he
si
s
de
ve
lo
pm

en
t
of

a
co
nc
ep
tu
al

fr
am

ew
or
k
fo
r

pr
oa

ct
iv
e
re
co
m
m
en
de
r
sy
st
em

s
th
at

ca
n
le
ve
ra
ge

co
nt
ex
tu
al

in
fo
rm

at
io
n
su
ch

as
th
e
dr
iv
er
’s
lo
ca
ti
on

,
tr
af
fi
c
co
nd

it
io
ns
,w

ea
th
er
,a

nd
ti
m
e
of

da
y
to

pr
ov

id
e
pe
rs
on

al
iz
ed

re
co
m
m
en
da

ti
on

s.

“P
ro
ac
ti
ve

re
co
m
m
en
da

ti
on

s
ar
e
de
liv

er
ed

w
it
ho

ut
ex
pl
ic
it

us
er

re
qu

es
t.
A
dd

in
g
ex
pl
an

at
io
ns

is
a
pr
om

is
in
g
m
et
ho

d
to

im
pr
ov

e
th
e
co
m
pr
eh
en
si
bi
lit
y
of

a
re
co
m
m
en
da

ti
on

.”

D
el
iv
er
ed

w
it
ho

ut
ex
pl
ic
it
us
er

re
qu

es
t;

ex
pl
an

at
io
ns

;p
ro
ac
ti
ve

re
co
m
m
en
da

ti
on

s;
co
m
pr
eh
en
si
bi
lit
y

15
(S
m
ir
no

v,
Sh

ilo
v

an
d
G
us
ik
hi
n,

20
15

)
R
eg
ar
di
ng

pr
oa

ct
iv
e
in
te
ra
ct
io
n
is
th
e
de
ve
lo
pm

en
t

of
a
pr
oa

ct
iv
e
dr
iv
er

su
pp

or
t
ap

pr
oa

ch
th
at

in
vo

lv
es

co
nt
in
uo

us
m
on

it
or
in
g,

an
al
ys
is
,i
nt
er
ve
nt
io
n,

an
d

ad
ap

ta
ti
on

to
im

pr
ov

e
dr
iv
er

sa
fe
ty

an
d

pe
rf
or
m
an

ce
.

“T
he

ne
xt

st
ep

in
th
e
de
ve
lo
pm

en
t
of

pr
oa

ct
iv
e
sy
st
em

s
is

ap
pe
ar
an

ce
of

sy
st
em

s
ba

se
d
on

pr
ed
ic
ti
on

of
th
e
us
er

be
ha

vi
or
,h

is
/h
er

fu
tu
re

lo
ca
ti
on

s
or

ac
ti
on

s,
as

w
el
la

s
si
tu
at
io
n
re
co
gn

it
io
n.
”

C
on

te
xt
,d

ri
ve
rs
’n

ee
ds
,p

re
fe
re
nc
es

an
d

in
te
nt
io
ns

16
(K

ab
to
ul
,

Sp
al
an

za
ni

an
d

M
ar
ti
ne
t,
20

20
)

E
st
ab

lis
h
a
pe
de
st
ri
an

-v
eh
ic
le
be
ha

vi
or
al

m
od

el
,w

hi
ch

is
ca
pa

bl
e
of

de
sc
ri
bi
ng

an
d
pr
ed
ic
ti
ng

ag
en
ts
’b

eh
av
io
rs

w
he
n
in
te
ra
ct
in
g
w
it
h
a
ve
hi
cl
e
in

bo
th

la
te
ra
la

nd
fr
on

ta
lc
ro
ss
in
g
sc
en
ar
io
s.

“P
ro
ac
ti
ve

na
vi
ga
ti
on

is
a
m
aj
or

ch
al
le
ng

e
on

th
e
w
ay

to
in
te
gr
at
in
g
th
e
au

to
no

m
ou

s
ve
hi
cl
e
in

th
e
sh
ar
ed

sp
ac
e
as

an
in
fl
ue
nt
ia
la

ge
nt
,t
ak

in
g
an

ac
ti
ve

ro
le
in

th
e
sc
en
e
an

d
no

t
m
er
el
y
re
ac
ti
ng

to
it
.”

A
ct
iv
e
ro
le
in

th
e
sc
en
e,
in
fl
ue
nt
ia
la

ge
nt
,

Pr
oa

ct
iv
e
na

vi
ga
ti
on

C
on
ti
nu
ed



186 Li and Sun

Ta
b
le

1.
C

o
n

ti
n

u
ed

.
N
o.
A
ut
ho

rs
ye
ar

C
on

te
xt

D
es
cr
ip
ti
on

K
ey

w
or
ds

O
cc
up

at
io
na

lp
sy
ch
ol
og

y

17
(B
at
em

an
an

d
C
ra
nt
,1

99
3)

T
hi
s
st
ud

y
in
ve
st
ig
at
ed

a
pe
rs
on

al
di
sp
os
it
io
n

to
w
ar
d
pr
oa

ct
iv
e
be
ha

vi
or
.T

o
en
ha

nc
e
ou

r
un

de
rs
ta
nd

in
g
an

d
pr
ed
ic
ti
ng

of
be
ha

vi
or
s,
w
e
ne
ed

to
de
cl
ar
e
pr
oa

ct
iv
e
co
ns
tr
uc
t.

“P
ro
ac
ti
ve

be
ha

vi
or

is
be
ha

vi
or

th
at

di
re
ct
ly

to
al
te
rs

en
vi
ro
nm

en
t.”

D
ir
ec
tl
y
an

d
in
te
nt
io
na

lly
ch
an

ge
th
e

en
vi
or
nm

en
t

18
(C

ra
nt
,2

00
0)

T
hi
s
w
or
k
de
sc
ri
be

fo
ur

co
ns
tr
uc
ts
re
la
te
d
to

pr
oa

ct
iv
e
be
ha

vi
or
:p

ro
ac
ti
ve

pe
rs
on

al
it
y,
pe
rs
on

al
in
it
ia
ti
ve
,r
ol
e
br
ea
dt
h
se
lf
-e
ff
ic
ac
y,
an

d
ta
ki
ng

ch
ar
ge
.

“P
ro
ac
ti
ve

be
ha

vi
or

as
ta
ki
ng

in
it
ia
ti
ve

in
im

pr
ov

in
g

cu
rr
en
t
ci
rc
um

st
an

ce
s
or

cr
ea
ti
ng

ne
w

on
es
;i
t
in
vo

lv
es

ch
al
le
ng

in
g
th
e
st
at
us

ra
th
er

th
an

pa
ss
iv
el
y
ad

ap
ti
ng

to
pr
es
en
t
co
nd

it
io
ns
.”

N
ot

pa
ss
iv
el
y
ad

ap
ti
ng

to
co
nd

it
io
ns
,

pe
rs
on

al
in
it
ia
ti
ve

19
(P
ar
ke
r
an

d
C
ol
lin

s,
20

10
)

T
hi
s
w
or
k
de
ve
lo
p
a
fr
am

ew
or
k
de
si
gn

ed
to

ge
ne
ra
liz
e
ac
ro
ss

sp
ec
if
ic
m
an

if
es
ta
ti
on

s
of

pr
oa

ct
iv
it
y,
de
sc
ri
bi
ng

th
e
na

tu
re
,d

im
en
si
on

s,
si
tu
at
io
na

la
nt
ec
ed
en
ts
,p

sy
ch
ol
og

ic
al

m
ec
ha

ni
sm

s,
di
sp
os
it
io
na

lm
od

er
at
or
s,
an

d
co
ns
eq
ue
nc
es

of
pr
oa

ct
iv
e
be
ha

vi
or
.

“D
ef
in
e
pr
oa

ct
iv
e
be
ha

vi
or

as
an

ti
ci
pa

to
ry

ac
ti
on

th
at

em
pl
oy

ee
s
ta
ke

to
im

pa
ct

th
em

se
lv
es

an
d/
or

th
ei
r

en
vi
ro
nm

en
ts
.T

w
o
ch
ar
ac
te
ri
st
ic
s
of

pr
oa

ct
iv
e
be
ha

vi
or

is
ac
ti
ng

in
ad

va
nc
e
an

d
in
te
nd

ed
im

pa
ct
.”

Pr
oa

ct
iv
e
be
ha

vi
or
,a

nt
ic
ip
at
or
y
ac
ti
on

,
ta
ke

to
im

pa
ct

th
em

se
lv
es

an
d/
or

th
ei
r

en
vi
ro
nm

en
ts

20
(P
ar
ke
r
an

d
C
ol
lin

s,
20

10
)

T
hi
s
w
or
k
cl
ar
if
y
th
e
si
m
ila

ri
ti
es
,d

if
fe
re
nc
es
,a

nd
in
te
rr
el
at
io
ns
hi
ps

am
on

g
m
ul
ti
pl
e
ty
pe
s
of

pr
oa

ct
iv
e
be
ha

vi
or
.

“I
n
m
os
t
de
fi
ni
ti
on

s
of

pr
oa

ct
iv
e
be
ha

vi
or

ha
ve

3
el
em

en
ts
:a
ct
in
g
in

an
ti
ci
pa

ti
on

,t
ak

in
g
co
nt
ro
la

nd
se
lf
-i
ni
ti
at
io
n.
”

A
ct
in
g
in

an
ti
ci
pa

ti
on

,t
ak

in
g
co
nt
ro
l,

se
lf
-i
ni
ti
at
io
n.



Exploring Proactivity in Human-Vehicle Interaction 187

refined from the proactivity-related descriptions, it’s also an original label of
the proactivity concept inductive analysis.

DEVELOPING CONCEPT OF PROACTIVE INTERACTION

The Theme of Proactivity

We follow the coding process in inductive analysis (Thomas, 2003). The spe-
cific segments are the proactivity-related description from the papers. Then,
label the segments to create categories, which is the keywords in Table 2.
Reduce overlap and redundancy among those categories to 18 categories,
including context, human supervised, autonomy action, explanatory, take
autonomous action, relevance, user agent, different from react, function
list, understandable, anticipation, initiate by system(robot), impact, user’s
needs, user preferences, action in advance, anticipatory action, metrics. Last,
create a model incorporating most important categories to create five sum-
mary categories, which is consider and manage context, anticipation and
predictive ability, autonomy and action, understandability and transparency,
proactive functions.
01 Consider and manage context: the system takes into account the user’s
context, including their environment, device, activity, and task, to perception
and comprehension of context, to support and inform its actions.
02 Autonomy and action: the system’s ability to use predictive analytics to
anticipate user needs and preferences and initiate actions to impact others.
03 Anticipation and predictive ability: the system is designed to anticipate the
user’s needs and preferences and take anticipatory actions, using predictive
analytics and other technologies to improve its accuracy.
04 Understandability and transparency: in collaboration between the user
and the system, the system should make its actions transparent and under-
standable to the user, including providing feedback and explanations in plain
language. In order to build trust and promote efficient collaboration, the
system must provide transparent feedback and explanations that help the
user understand what actions are being taken and why.

The 02 and 03 both concepts involve the system’s ability to use predictive
analytics to anticipate user needs and preferences and take proactive actions.
Autonomy and action emphasize the initiation action part; Anticipation and

Table 2. First categories and summary categories for inductive analysis.

First categories Summary categories

Context, relevance, impact Consider and manage context
Different from react, action in advance, anticipation,
anticipatory action

Anticipation and predictive ability

Human supervised, take autonomous action,
autonomy action, user agent, initiate by system(robot)

Autonomy and action

Explanatory, understandable, metrics, user’s needs,
user preferences

Understandability and transparency

Function list Proactive functions
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predictive ability emphasis understanding the reasons behind the initiation
of the action and the contents and ways of the specific action that should be
taken to meet the user’s needs and preferences.

The functions of proactivity are an important part of proactive interaction
research, not belong to the theme of the proactivity concept.

Concept of Proactive Interaction in Autonomous Vehicles

Following the theme of proactivity, we propose the concept of proactivity,
which refers to the ability of a system to take initiative and act without prior
prompting, based on an understanding of the user’s goals and the context
in which they are operating. This can involve the system offering advice or
taking control in a situation where it is deemed necessary to enhance safety,
efficiency, or convenience.

To achieve this, the system must anticipate the user’s needs and prefere-
nces based on their previous behavior and the current situation. This allows
the system to provide personalized recommendations or assistance that are
tailored to the user’s goals and preferences.

Furthermore, the system should communicate its knowledge of the user’s
goals and the environmental context in a transparent and understanda-
ble way, which can help to build trust and enhance the user’s engagement
with the system. This is particularly important in the case of autonomous
vehicles, where safety and trust are critical factors in user acceptance and
adoption.

THE CASES OF PROACTIVE INTERACTION DESIGN IN VEHICLE
MARKET

Many brands now offer a range of features designed to improve safety and
convenience. Tesla’s Autopilot system, Ford, Volkswagen Front Assist system,
GeneralMotors’ Super Cruise system, and Toyota’s Safety Sense system offers
a range of proactive features, such as automatic braking to avoid collisions,
pedestrian detection, proactive lane-keeping, automatic lane changing and
speed control, automatic cruise control, smart parking that find available
parking spaces and guide the driver to them. These features can improve
safety and convenience by alerting drivers to potential hazards and taking
action to prevent accidents.

Although proactive features have been shown to offer several benefits, it is
important to conduct further research to determine how these features impact
user experiences. Given the highly complex nature of the driving context,
particularly with higher levels of autonomy, there may be greater scope for
the design of proactive features that extend service-related content, such as
actions based on users’ preferences and state, rerouting based on users’ goals
and events, and other similar functions.

In some of its models, the BMW Vision iNEXT is equipped with a digital
assistant that can help passengers with a variety of tasks, such as boo-
king restaurant reservations, ordering groceries, and finding parking spots.
MBUX (Mercedes-Benz User Experience) system learns user behavior based
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on sensor data and event and location information. The car will recom-
mend these activities to the user at the appropriate time. HANA (Honda
Automated Network Assistant) determines the driver’s current emotional
state by analyzing body language, physical readings, and current actions.
HANA can measure the driver’s emotions and provide music recommendati-
ons or suggestions, as well as other media and entertainment options based on
their mood. “Xiaodu Car OS Intelligent Scene Engine” developed by Baidu
can recognize the current scene and suggest services based on that scene, such
as recommending playlists, providing automatic appointment reminders for
upcomingmaintenance times, and implementing facial recognition automatic
payment in payment scenarios.

Those many cases in the market take the form of a wide range of functions
and services, the emphasis on the initiation of action is predictions of user’s
needs in context is an important shifting and orientation.

THE CONTENTS OF PROACTIVE INTERACTION DESIGN IN
AUTONOMOUS VEHICLE

According to the concept and the functions and services related features, the
design contents can be constructed. There are 3 parts involved. Anticipation
of goal and need based on scenario, proactive behavior based on proactivity
functions, and context-aware communication based on collaboration

Anticipation of Goal and Need Based on Scenario

The driving scenario is the space where human-vehicle interaction occurs.
Bringing the proactive interaction behavior of AVs into specific scenarios
for analysis is a precondition for design and research. A typical scenario is
one that is representative and has a high probability of occurrence in driving
context.

The study recruited volunteers who were licensed drivers with at least two
years driving and who drove frequently, with more than 50% of their weekly
trips being by car. The volunteers were asked to use a GoPro camera to film a
15–30 minute driving video based on their daily activities. The driving videos
we collected were primarily filmed in Shanghai, China, and San Francisco,
California, the US. totaling 2 hours and 30 minutes in duration.

The collected video materials were then analyzed to classify the driving
scenarios into purpose-driven scenarios, which have clear goals and involve
activities such as commuting, traveling, and running errands, and function-
driven events, which are fragmented and include tasks such as finding parking
spaces, refueling, or answering phone calls. By analyzing the scenarios, the
researchers identified the users’ goals and need in various driving scenarios,
which helped establish a design target in proactive interaction design. The
user goals of each scenario can be summarized in Table 3. These goals encom-
pass eight types: information acquisition, problem-solving, making plans,
executing plans, routine activities, status monitoring, security assistance, and
information entertainment. Designers can refer to these effectively locate the
user’s needs and align user goals at design time.
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Table 3. The goals of (1) purpose-driven scenarios and (2) function-driven events.

(1) Purpose-driven scenarios User goals

Commuting Get to work on time and relax on the way home.
Business trips Arrive at the destination and avoid emergencies.
Going to grocery Arrive at the destination and find an available

parking lot.
Traveling Arrive at the destination and enjoy the scenery

along the way.
Going to the hospital Arrive before the appointment time and find a

parking space.
Visiting friends Arrive at a friend’s house at the appointed time.

(2) Function-driven events User goals

Traffic jam Relieve anxiety, get traffic information factually
Play music Quickly find the target music and choose music

according to the context
Find a parking space Quickly find an available parking space that suits

the situation (free/ close to an exit/…)
Find a restaurant Find a favorite one/ the most time-saving one/…
Get gas Plan your trip reasonably and find the right gas

station
Pedestrians across Drive safely, avoid danger
Schedule change Update the schedule, don’t delay the original plan
Route change Plan a better route without delaying the itinerary
Cart approaching Drive safely and keep a safe distance
Vehicle wear/maintenance information Keep your vehicle in good condition before

something goes wrong
Extreme weather Drive safely, avoid danger

Proactive Behavior Based on Proactivity Functions

The autonomy of proactive interaction refers to the ability of a system to
independently take actions. The degree of autonomy in proactive interaction
can be manifested in the strength of the system’s ability to act independently
during the execution of tasks. This can be implemented in design through the
integration of proactive functions.

In human-vehicle cooperation, the proactive autonomy functions of inte-
raction can be classified into seven types based on the different behaviors
exhibited by intelligent vehicles. These types include push, remind, recom-
mend, suggest, inquire, request, and execute (report or silent). Each type
comprises several application contents, as outlined in Table 4. These contents
can be developed into design cases to improve design efficiency.

Context-Aware Communication Based on Collaboration

The degree of situational awareness conveyed to users is a critical dimen-
sion of communication between users and systems, serving as an indicator
of the system’s ability and as a basis for establishing trust. When the
system supports or violates their goals and attracts users’ attention, it will
positively or negatively affect their acceptance, user experience, and trust.
In contrast to literature that focuses on macro-technical planning(Omeiza
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Table 4. Autonomy function type and application contents in AVs.

Autonomy function type Application contents

Information push News information, service information, managed information
Recommended Points of interest(POI), infotainment content, system

applications
Reminder Danger prediction, event prediction, information service
Ask Abnormal state ask, event ask, plan ask
Requests Functional requests, permission requests
Suggestions Locations suggest, user behavior suggest, plan suggest,

security operations suggest
Execution (reporting/silence) Emergency decision-making, safety decision-making, safety

supervision, service on the road decision-making, in-vehicle
environment adjustment, functional autonomous execution

et al., 2021)(Atakishiyev et al., 2021), this study pays more attention to the
relationship between system behavior and user experience.

The proactive interactions in context-aware communication involve infor-
mative and explanatory information. Informative information presents the
vehicle system’s situational awareness results and proactive behaviors, while
explanatory information provides content-based, reason-based, and intera-
ctive presentations regarding the proactive behavior and its contents. Infor-
mative information comprises changes in user status, environmental status,
and task status.

CONCLUSION

The concept of human-vehicle proactive interaction has gained significant
attention in recent years due to its potential to improve road safety and enh-
ance the driving experience. This approach enables vehicles to anticipate the
driver’s intentions and respond in advance, using advanced sensors, algo-
rithms, and communication systems. In this work, we sum up the theme of
proactive interaction by inductive analysis of literature and define the concept
of proactive interaction in AVs. The function-based and service-based cases
are the directions we can follow. As a result, the content of proactive inte-
raction design in AVs is the early guideline to support proactive interaction
design in the process.
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