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h
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ap
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n
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u
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h
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p
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g
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v
ersatio

n
al 

p
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ag
o

g
ical ag

en
t. B

y
 tracin

g
 th

e h
isto

rical ro
o
ts o

f p
ed

ag
o

g
ical ag

en
ts in

 In
tellig

en
t T

u
to

rin
g
 

S
y
stem

s (IT
S

), w
e d

iscern
 cen

tral d
ev

elo
p

m
en

ts in
 creatin

g
 an

 ag
en

t th
at is b

o
th

 k
n

o
w

led
g
eab

le 

an
d
 fo

sters a so
cial relatio

n
sh

ip
 w

ith
 th

e learn
er. S

o
m

e m
ain

 ch
allen

g
es faced

 w
h
en

 attem
p

tin
g
 

to
 d

ev
elo

p
 a p

ed
ag

o
g
ical ag

en
t o

f th
is k

in
d
 relate to

: i) learn
ers’ ex

p
ectatio

n
s o

n
 th

e ag
en

t’s 

k
n
o

w
led

g
e p

ro
file an

d
 so

cial p
ro

file, ii) d
ealin

g
 w

ith
 learn

ers’ en
g
ag

em
en

t in
 o

ff-task
 

co
n
v

ersatio
n
 an

d
 iii) m

an
ag

in
g
 p

o
ten

tial ab
u
se o

f th
e ag

en
t. W

e d
iscu

ss th
ese ch

allen
g
es an

d
 

ad
d
ress p

o
ssib

le w
a
y
s to

 ad
d
ress th

em
, w

ith
 referen

ce to
 an

 o
n

g
o

in
g
 R

esearch
 &

 D
ev

elo
p

m
en

t 

p
ro

ject, an
d
 w

ith
 a fo

cu
s o

n
 th

e d
esig

n
 o

f a p
ed

ag
o

g
ical ag

en
t’s v

isu
al em

b
o

d
im

en
t an

d
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co
n
v

ersatio
n
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ab
ilities. 
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o

n
v

ersa
tio

n
a
l P

ed
a
g

o
g
ica

l A
g
en

ts 

In
 th

is ch
ap

ter “a p
ed

ag
o

g
ical ag

en
t” refers to

 a co
m

p
u
ter g

en
erated

 ch
aracter em

p
lo

y
ed

 in
 an

 

ed
u
catio

n
al settin

g
 in

 o
rd

er to
 fu

lfill p
ed

ag
o

g
ical p

u
rp

o
ses. S

u
ch

 ag
en

ts (o
r ch

aracters) can
 serv

e 

2
 

 n
u
m

ero
u

s p
ed

ag
o

g
ical ro

les (C
h
o

u
, C

h
an

, &
 L

in
, 2

0
0

3
; B

ay
lo

r &
 K

im
, 2

0
0
5

; H
aak

e &
 G

u
lz, 

2
0
0

9
). F

o
r in

stan
ce, th

e
y
 h

av
e b

een
 p

resen
ted

 an
d

 stu
d

ied
 as in

stru
cto

rs, co
ach

es, tu
to

rs, an
d

 

learn
in

g
 co

m
p

an
io

n
s.  

T
h

e co
n

cep
t o

f an
 “ag

en
t” d

en
o

tes an
 en

tity
 w

ith
 so

m
e d

eg
ree o

f “in
tellig

en
ce” an

d
 cap

acity
 

fo
r au

to
n
o

m
o

u
s actio

n
. “A

g
en

t”, o
r “in

tellig
en

t ag
en

t” as u
sed

 w
ith

in
 th

e co
m

p
u
ter scien

ce 

d
iscip

lin
e, refers to

 a co
m

p
u

ter p
ro

g
ra

m
 th

at can
 “act” o

n
 its o

w
n

, i.e. au
to

n
o
m

o
u

sly
. W

h
en

 

referrin
g
 to

 “p
ed

ag
o

g
ical ag

en
ts” in

 to
d

a
y
’s ed

u
catio

n
al co

n
tex

ts, it is also
 assu

m
ed

 th
at th

e 

ag
en

t h
as a co

rresp
o
n

d
in

g
 visu

a
l rep

resen
ta

tio
n

. C
o

n
versa

tio
n
a

l p
ed

ag
o

g
ical ag

en
ts refer to

 a 

su
b

g
ro

u
p

 o
f p

ed
ag

o
g
ical ag

en
ts, n

am
ely

 th
o

se th
at can

 en
g
a
g
e in

 a “co
n

v
ersatio

n
” w

ith
 a learn

er. 

In
 a w

id
e sen

se o
f th

e term
, a co

n
v

ersatio
n
al p

ed
ag

o
g
ical ag

en
t m

ig
h
t en

tertain
 d

ialo
g
u

e v
ia 

elab
o
rate b

o
d

y
 lan

g
u

ag
e m

o
v

em
en

ts in
clu

d
in

g
 g

estu
res, facial ex

p
ressio

n
s, etc. In

 th
is ch

ap
ter, 

th
o

u
g
h

, w
e fo

cu
s o

n
 co

n
v

ersatio
n

 v
ia n

atu
ral lan

g
u

ag
e, an

d
 fu

rth
erm

o
re lim

it o
u
r treatm

en
t to

 

tex
t-b

ased
 in

teractio
n

 (ty
p

ed
 co

n
v

ersatio
n
 v

ia th
e k

e
y
b

o
ard

). T
h

at is, w
e d

o
 n

o
t d

iscu
ss th

e 

ch
allen

g
es an

d
 p

o
ten

tials su
rro

u
n
d

in
g
 sp

eech
 reco

g
n

itio
n

 an
d
 p

ro
d

u
ctio

n
. W

e also
 ex

clu
d
e 

co
m

p
lex

 n
o

n
-v

erb
al in

teractio
n

 (o
ften

 ex
p

lo
red

 in
 E

m
b

o
d
ied

 C
o
n

v
ersatio

n
al A

g
en

ts research
 e.g

. 

(C
assell, S

u
lliv

an
, P

rev
o

st, &
 C

h
u
rch

ill, 2
0

0
0

; R
u

ttk
a
y
 &

 P
elach

au
d

, 2
0

0
4
), w

h
ere th

e ag
en

t’s 

b
o
d

y
 is u

sed
 fo

r d
em

o
n

stratin
g
, sh

o
w

in
g
, p

o
in

tin
g
, an

d
 fo

r g
iv

in
g
 feed

b
ack

 v
ia g

estu
ral an

d
 

em
o
tio

n
al ex

p
ressio

n
s. W

e d
iscu

ss a
n

im
a

ted
 p

ed
a
g

o
g
ica

l a
g

en
ts w

h
ere th

e v
isu

al an
im

atio
n
s are 

less co
m

p
lex

, m
ain

ly
 aim

ed
 at m

ak
in

g
 th

e ag
en

t ap
p

ear m
o

re “life-lik
e” an

d
 ap

p
ealin

g
. 

1
.2

 C
h

a
p

ter O
u

tlin
e 

W
e b

eg
in

 o
u
r d

iscu
ssio

n
 b

y
 p

resen
tin

g
 th

e h
isto

rical ro
o

ts o
f p

ed
ag

o
g
ical ag

en
ts in

 so
-called

 

In
tellig

en
t T

u
to

rin
g

 S
yste

m
s (IT

S
), an

d
 tw

o
 cen

tral lin
es o

f d
ev

elo
p

m
en

t th
at h

av
e led

 fro
m

 th
e 

ab
stract, n

o
n
so

cial an
d

 im
p

erso
n

al p
ed

ag
o

g
ical ag

en
ts o

f th
e p

ast to
 th

e tan
g
ib

le, so
cial an

d
 

p
erso

n
al p

ed
ag

o
g
ical ag

e
n

ts o
f to

d
ay

: i) d
ev

elo
p
m

en
t o

f th
eir v

isu
alizatio

n
 an

d
 em

b
o
d

im
en

t an
d
 

ii) d
ev

elo
p

m
en

t o
f th

eir co
n
v

ersatio
n

al cap
acities. T

h
ese d

ev
elo

p
m

en
ts, w

e arg
u
e, carry

 w
ith

 

th
em

 im
p

o
rtan

t p
o
ten

tials, as w
ell as ch

allen
g
es, fo

r research
 an

d
 d

ev
elo

p
m

en
t w

ith
in

 th
e field

. 

F
o
llo

w
in

g
 th

e b
ack

g
ro

u
n

d
 in

fo
rm

atio
n

 p
resen

ted
 in

 sectio
n

 2
, w

e tu
rn

 to
 sectio

n
 3

 w
h

ere w
e 

p
resen

t an
 o

n
g
o
in

g
 R

esearch
 &

 D
ev

elo
p

m
en

t (R
&

D
) p

ro
ject w

ith
in

 th
e p

ed
ag

o
g
ical ag

en
t 

d
o
m

ain
 –

 a w
eb

-b
ased

 g
am

e fo
cu

sin
g
 o

n
 m

ath
em

atics learn
in

g
 fo

r ch
ild

ren
 –

 w
h

ich
 serv

es to
 

illu
strate an

d
 co

n
tex

tu
alize o

u
r d

iscu
ssio

n
. In

 S
ectio

n
 4

, w
e p

resen
t th

e g
u

id
in

g
 fram

ew
o

rk
 th

at 

w
e u

se fo
r d

esig
n
in

g
 an

d
 research

in
g
 th

e p
ro

ject: th
e E

n
h

a
n

cin
g

 A
g

en
t-L

ea
rn

er In
tera

ctio
n

 

fra
m

ew
o

rk (E
n

A
L

I) (V
eletsian

o
s, M

iller, &
 D

o
erin

g
, 2

0
0

9
). In

 sectio
n

 5
, w

e d
iscu

ss cen
tral 

ch
allen

g
es th

at w
e h

o
ld

 as b
ein

g
 co

m
m

o
n
 in

 p
ed

ag
o

g
ical ag

en
t d

esig
n

 an
d

 d
ev

elo
p
m

en
t 

en
d
eav

o
rs: 

i) 
h

o
w

 to
 d

eal w
ith

 stu
d
en

ts’ (o
ften

 h
eig

h
ten

ed
) ex

p
ectatio

n
s reg

ard
in

g
 p

ed
ag

o
g
ical ag

en
ts’ 

k
n

o
w

led
g
e an

d
 so

cial co
m

p
eten

cies (in
clu

d
in

g
 th

e p
ro

b
lem

 o
f settin

g
 p

ro
p

er co
n

strain
ts), 

ii) 
h

o
w

 to
 d

eal w
ith

 stu
d
en

ts’ v
ary

in
g
 d

eg
ree o

f en
g
ag

em
en

t in
 so

cial in
teractio

n
 w

ith
 th

e 

p
ed

ag
o

g
ical ag

en
t, an

d
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 iii) h
o

w
 to

 d
eal w

ith
 th

e risk
 o

f v
erb

al ab
u

se k
n
o

w
n

 to
 arise w

h
en

 stu
d

en
ts in

teract w
ith

 

co
n
v

ersatio
n

ally
-cap

ab
le p

ed
ag

o
g
ical ag

en
ts. 

W
e illu

strate th
ese ch

allen
g
es an

d
 p

o
ssib

le w
a
y
s to

 ad
d

ress th
em

, w
ith

 referen
ce to

 o
u

r o
n

g
o
in

g
 

p
ro

ject an
d

 w
ith

 referen
ce to

 th
e E

n
A

L
I-fram

ew
o

rk
. T

h
e list o

f ch
allen

g
es ab

o
v

e is o
f co

u
rse n

o
t 

ex
h

au
stiv

e o
r ap

p
licab

le to
 a

ll p
ed

ag
o

g
ical co

n
v

ersatio
n

al ag
en

t p
ro

jects. S
till, w

e co
n

sid
er th

em
 

as rep
resen

tativ
e o

f m
ain

 issu
es th

at are lik
ely

 to
 o

ccu
r w

h
en

 d
ev

elo
p

in
g
 p

ed
ag

o
g
ical 

co
n
v

ersatio
n
al ag

en
ts. N

u
m

ero
u

s d
esig

n
 d

ecisio
n

s an
d

 ch
allen

g
es are in

v
o

lv
ed

 in
 th

e d
esig

n
 o

f 

ag
en

t-b
ased

 ed
u

catio
n
al so

ftw
are su

ch
 as th

e o
n

e w
e w

ill d
iscu

ss. A
 co

m
p

lete list o
f all th

ese 

d
esig

n
 d

ecisio
n

s w
o

u
ld

 h
ard

ly
 b

e u
sefu

l fo
r read

ers. W
h

at is u
sefu

l h
o

w
ev

er, is th
e ex

am
p

le o
f 

h
o
w

 o
n

e can
 reaso

n
 ab

o
u

t d
ealin

g
 w

ith
 th

e co
m

p
lex

ity
 o

f d
ecisio

n
s w

ith
in

 d
esig

n
 fram

ew
o

rk
s 

an
d
 still m

ak
e p

ro
g
ress to

w
ard

s a sm
all n

u
m

b
er o

f w
ell-d

efin
ed

, ed
u

catio
n
al g

o
als. 

O
u

r h
o

p
e is th

at o
u

r d
iscu

ssio
n

 w
ill in

sp
ire an

d
 b

en
efit research

ers an
d
 d

esig
n

ers w
ith

in
 th

e 

field
 w

h
o

 face sim
ilar issu

es. O
u

r o
v

erall g
o

al is to
 d

em
o

n
strate h

o
w

 th
e field

 o
f co

n
v

ersatio
n

al 

p
ed

ag
o

g
ical ag

en
ts rep

resen
ts a u

n
iq

u
e co

m
b

in
atio

n
 o

f th
eo

ry
 an

d
 research

 in
tertw

in
ed

 w
ith

 

p
ractice. 
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. In
tellig

en
t tu

to
rin

g
 sy

stem
s 

T
h

e d
ev

elo
p

m
en

t o
f p

ed
ag

o
g
ical ag

en
ts w

ith
in

 d
ig

ital learn
in

g
 en

v
iro

n
m

en
ts fin

d
s its h

isto
rical 

o
rig

in
s in

 In
tellig

en
t T

u
to

rin
g
 S

ystem
s (IT

S
), w

h
ich

 can
 b

e traced
 b

ack
 to

 th
e early

 1
9
7

0
’s 

(L
au

rillard
, 1

9
9
3

; W
en

g
er, 1

9
8

7
). A

 cru
cial step

 to
w

ard
s th

e d
ev

elo
p

m
en

t o
f IT

S
 is o

ften
 

cred
ited

 to
 a lan

d
m

ark
 p

ap
er b

y
 C

arb
o

n
ell (1

9
7
0

) w
h
ere th

e co
n

cep
t o

f (h
u

m
an

) in
tellig

en
ce w

as 

ascrib
ed

 to
 an

 artificial sy
stem

 assistin
g
 a learn

er in
 an

 ed
u
catio

n
al co

n
tex

t. T
h

is sy
stem

, called
 

S
C

H
O

L
A

R
, tu

to
red

 stu
d
en

ts o
n

 S
o
u

th
 A

m
erican

 g
eo

g
rap

h
y
 b

y
 p

o
sin

g
 o

r an
sw

erin
g
 q

u
estio

n
s v

ia 

n
atu

ral lan
g
u

ag
e in

 tex
t fo

rm
at (ib

id
.). 

A
n
 in

tellig
en

t tu
to

rin
g
 sy

stem
 ex

h
ib

its certain
 ch

aracteristics an
d

 sk
ills reco

g
n

ized
 in

 a h
u

m
a
n

 

tu
to

r su
ch

 as b
ein

g
 ab

le to
 su

rv
ey

 a stu
d
en

t’s learn
in

g
 p

ro
g
ress an

d
 p

ro
v

id
e feed

b
ack

 to
 relev

an
t 

actio
n

s, in
clu

d
in

g
 co

n
tex

tu
al ad

v
ice an

d
 su

p
p
o

rt fo
r p

ro
b

lem
 so

lv
in

g
 w

ith
in

 th
e learn

in
g
 

en
v
iro

n
m

en
t (L

au
rillard

, 1
9
9

3
). F

u
rth

erm
o
re, as freq

u
en

tly
 h

eld
 fo

rth
 th

ro
u

g
h

 its h
isto

ry
, an

 IT
S

 

allo
w

s fo
r in

d
ivid

u
a

liza
tio

n
. It is p

art o
f th

e v
ery

 n
atu

re o
f su

ch
 a sy

stem
 th

at it ad
ap

ts to
 th

e 

in
d

iv
id

u
al stu

d
en

t b
y
, fo

r in
stan

ce, o
fferin

g
 h

elp
 o

n
 req

u
est fro

m
 th

e p
articu

lar stu
d

en
t, an

d
 b

y
 

reco
g
n

izin
g
 th

e k
in

d
s o

f m
istak

es th
at h

e/sh
e freq

u
en

tly
 m

ak
es in

 o
rd

er to
 p

ro
v

id
e in

d
iv

id
u

ally
 

ad
ap

ted
 train

in
g
 (ib

id
.). In

d
iv

id
u

alizatio
n

 in
 th

is sen
se is, h

o
w

ev
er, strictly

 p
erfo

rm
an

ce-b
ased

 

an
d
 n

o
t aim

ed
 at estab

lish
in

g
 a so

cial relatio
n
sh

ip
 w

ith
 th

e stu
d
en

t. P
erso

n
a

l in
tera

ctio
n

 is 

ab
sen

t, an
d

 th
erefo

re, stu
d

en
ts d

o
 n

o
t d

ev
elo

p
 p

erso
n
al relatio

n
sh

ip
s w

ith
 v

irtu
al tu

to
rs. T

h
e 

cla
ssic IT

S
 is an

 im
p

erso
n

al, n
o

n
-so

cial an
d

 ab
stract p

ed
ag

o
g
ical ag

en
t w

h
o

se so
le p

u
rp

o
se is to

 

tu
to

r. 
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In
 th

e 1
9

9
0
’s th

is scen
e ch

an
g
ed

 rad
ically

. A
 n

o
v

el g
en

eratio
n

 o
f p

ed
ag

o
g
ical ag

en
ts en

tered
 

th
e aren

a. T
h

is d
ev

elo
p

m
en

t can
 b

e ascrib
ed

 to
 sig

n
ifican

t tech
n

o
lo

g
ical d

ev
elo

p
m

en
ts w

ith
in

 

tw
o

 d
o

m
ain

s: th
e visu

a
l e

m
b

o
d

im
en

t a
rea

 an
d

 th
e d

ia
lo

g
u

e system
s a

rea
. T

h
ese ag

en
ts h

av
e 

b
een

 ch
aracterized

 as p
erso

n
al an

d
 relatio

n
al artifacts. N

ex
t, w

e w
ill d

escrib
e h

o
w

 v
isu

al 

em
b
o

d
im

en
t an

d
 d

ialo
g
u

e sy
stem

s h
av

e d
ev

elo
p
ed

 an
d
 w

h
at th

ese d
ev

elo
p

m
en

ts m
ean

 fo
r 

to
d

ay
’s p

ed
ag

o
g
ical ag

en
ts. 

2
.2

. F
ro

m
 IT

S
 to

 p
resen

t-d
a
y

 p
ed

a
g

o
g

ica
l a

g
en

ts 

2
.2

.1
. V

isu
a
liza

tio
n
 a

n
d

 em
b

o
d

im
en

t 

Im
ag

in
g
 an

d
 v

id
eo

 tech
n

iq
u
es p

ro
g
ressed

 rap
id

ly
 d

u
rin

g
 th

e late 1
9

8
0
’s an

d
 th

e early
 1

9
9
0

’s. 

P
resen

t d
a
y
 p

ed
ag

o
g
ical ag

en
ts are –

 in
 co

n
trast to

 classical tu
to

rin
g
 sy

stem
s –

 visu
a

lly 

em
b

o
d

ied
, an

d
 o

ften
 an

im
ated

. T
h

ey
 h

av
e a face an

d
 o

ften
 a b

o
d

y
 o

r to
rso

 an
d
 are u

su
ally

 

h
u
m

an
lik

e in
 th

eir ap
p

earan
ce. 

T
h

is m
ak

es a m
o
d

ern
 p

ed
ag

o
g
ical ag

en
t m

o
re tan

g
ib

le an
d

 less ab
stract th

an
 a classical IT

S
, 

w
h

ich
 in

 tu
rn

 in
creases th

e lik
elih

o
o
d

 o
f learn

ers ap
p
ro

ach
in

g
 ag

en
ts as so

cia
l en

tities an
d

 as 

p
erso

n
a
s (L

ester et al., 1
9
9

7
). T

h
e v

isu
al d

im
en

sio
n
 o

f p
ed

ag
o

g
ical ag

en
ts is a p

o
w

erfu
l m

ean
s 

fo
r en

g
en

d
erin

g
 affo

rd
an

ces fo
r so

cial in
teractio

n
, sin

ce it co
n

trib
u

tes stro
n

g
ly

 to
 th

e ex
p
erien

ce 

o
f a ch

a
ra

cter w
ith

 a
 p

erso
n

a
lity (Isb

ister, 2
0

0
6

; G
u
lz &

 H
aak

e, 2
0

0
6
) rath

er th
an

 o
f “ju

st a 

co
m

p
u

ter artifact”. S
u
ch

 effects h
av

e recen
tly

 co
m

e in
 th

e fo
refro

n
t o

f th
e p

ed
ag

o
g
ical ag

en
t 

field
. F

o
r in

stan
ce, research

ers h
av

e in
v

estig
ated

 th
e ex

ten
t to

 w
h
ich

 learn
ers stereo

ty
p

e 

p
ed

ag
o

g
ical ag

en
ts an

d
 th

e d
eg

ree to
 w

h
ich

 su
ch

 b
eh

av
io

r im
p

acts learn
in

g
, d

u
e to

 th
e p

erceiv
ed

 

atten
tio

n
 co

m
m

an
d

ed
 b

y
 an

 ag
en

t (V
eletsian

o
s, 2

0
1

0
).  

T
h

e v
isu

al d
im

en
sio

n
 is also

 a p
o

w
erfu

l to
o

l fo
r ex

p
lo

itin
g
 p

ed
ag

o
g
ically

 cen
tral p

h
en

o
m

en
a 

su
ch

 as so
cial m

o
d

els an
d
 id

en
tificatio

n
. A

 so
cial m

o
d

el, o
r ro

le m
o

d
el, can

 in
flu

en
ce attitu

d
es 

an
d
 m

o
tiv

atio
n

 as w
ell as learn

er b
eh

av
io

rs (S
ch

u
n

k
 1

9
8

1
, B

an
d
u

ra, 1
9

8
6
). A

 larg
e set o

f stu
d
ies 

sh
o
w

 th
at p

ed
ag

o
g
ical ag

en
ts can

 fu
n

ctio
n

 as (v
irtu

al) so
cial m

o
d
els an

d
 sim

ilarly
 in

flu
en

ce 

attitu
d
es, m

o
tiv

atio
n

 an
d

 learn
er b

eh
av

io
r (B

a
y
lo

r, R
o
sen

b
erg

-K
im

a, &
 P

lan
t, 2

0
0
6

; K
im

, W
ei 

X
u

, K
o
, &

 L
liev

a, 2
0
0

7
; B

ay
lo

r, 2
0

0
9
; G

u
lz &

 H
aak

e, 2
0

1
0

). A
 p

articu
larly

 effectiv
e so

cial 

m
o

d
el is eith

er (a) o
n

e th
at is sim

ilar to
 th

e o
b

serv
er in

 sig
n

ifican
t asp

ects –
 so

 th
at th

e o
b
serv

er 

can
 id

en
tify

 h
erself w

ith
 th

e m
o

d
el –

 o
r (b

) o
n

e rep
resen

tin
g
 so

m
eo

n
e w

h
o

m
 th

e o
b

serv
er asp

ires 

to
 b

e lik
e. O

n
e k

e
y
 facto

r in
 th

is d
iscu

ssio
n

 is th
e v

isu
al ap

p
earan

ce o
f th

e so
cial m

o
d

el 

(B
an

d
u
ra, 1

9
8

6
), sin

ce ap
p
earan

ce carries im
p

o
rtan

t an
d

 im
m

ed
iate in

fo
rm

atio
n

 reg
ard

in
g
 an

 

in
d

iv
id

u
al’s g

en
d

er, ag
e, statu

s, eth
n

icity
, sty

le, etc. T
h

is ap
p

lies to
 h

u
m

an
 b

ein
g
s as w

ell as to
 

an
th

ro
p

o
m

o
rp

h
ic ag

en
ts. A

n
o
th

er v
isu

al facto
r th

at m
atters fo

r th
e p

o
ten

tial effectiv
en

ess o
f a 

so
cial m

o
d
el is v

isu
al attractiv

en
ess. F

o
r a d

iscu
ssio

n
 o

f th
is, w

e refer to
 B

ay
lo

r (2
0

0
9

) an
d

 G
u

lz 

&
 H

aak
e (2

0
1

0
). 

In
 o

th
er w

o
rd

s, th
e v

isu
al d

esig
n

 o
f a p

ed
ag

o
g
ical ag

en
t is far fro

m
 a co

sm
etic o

r su
rface 

asp
ect (V

eletsian
o
s, 2

0
0

7
). T

h
e ch

o
ice o

f v
isu

al d
esig

n
 o

f an
 ag

en
t can

 h
av

e co
n

sid
erab

le 

p
ed

ag
o

g
ical co

n
seq

u
en

ces as a resu
lt o

f its p
o

ten
tial fu

n
ctio

n
 as a so

cial m
o

d
el. A

 w
ell-ch

o
sen

 

v
isu

al d
esig

n
 can

 p
o
sitiv

ely
 im

p
act learn

ers’ attitu
d

es to
w

ard
s an

d
 in

terests in
 a su

b
ject (B

ay
lo

r 
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 et al., 2
0

0
6
; K

im
 et. al, 2

0
0

7
; P

lan
t, B

ay
lo

r, D
o
err &

 R
o

sen
b

erg
-K

im
a, 2

0
0

9
; G

u
lz &

 H
aak

e, 

2
0
1

0
). It can

 also
 sig

n
ifican

tly
 im

p
act learn

ers’ self-effica
cy b

eliefs. T
h

ese are b
eliefs in

 o
n

es’ 

cap
acity

 to
 acco

m
p
lish

 certain
 task

s in
 a certain

 d
o

m
ain

, w
h

ich
 in

 tu
rn

 are a p
red

icto
r fo

r actu
al 

su
ccess (B

an
d

u
ra, 2

0
0

0
). A

 n
u
m

b
er o

f stu
d

ies w
ith

in
 th

e d
o

m
ain

s o
f m

ath
em

atics an
d
 

tech
n
o

lo
g
y
, sh

o
w

 th
e im

p
o

rtan
ce o

f th
e v

isu
al d

esig
n
 o

f a p
ed

ag
o

g
ical ag

en
t (m

o
st n

o
tab

ly
 in

 

term
s o

f g
en

d
er, eth

n
icity

, ag
e, an

d
 “co

o
ln

ess”) fo
r p

o
sitiv

ely
 in

flu
en

cin
g
 learn

ers’ self-efficac
y
 

b
eliefs (B

ay
lo

r, 2
0

0
9
; K

im
, B

a
y
lo

r, &
 S

h
en

, 2
0
0

7
; B

ay
lo

r &
 P

lan
t, 2

0
0

5
). O

v
erall th

ere is 

g
ro

w
in

g
 ev

id
en

ce th
at th

e v
isu

al d
esig

n
 o

f v
irtu

al ch
aracters effects actu

al acco
m

p
lish

m
en

ts 

w
ith

in
 a su

b
ject d

o
m

ain
 (Y

ee &
 B

ailen
so

n
, 2

0
0
7

; Y
ee, B

ailen
so

n
, &

 D
u

ch
en

au
t, 2

0
0
9

). F
o

r a 

recen
t o

v
erv

iew
 o

f th
e im

p
o

rtan
ce o

f v
isu

al d
esig

n
 in

 p
ed

ag
o

g
ical ag

en
ts see B

ay
lo

r (2
0

0
9

). In
 

h
er rev

iew
 article B

a
y
lo

r u
n

d
erlin

es th
at th

e p
rese

n
ce o

f a
 visu

a
l ch

a
ra

cter in
 a co

m
p

u
tatio

n
al 

sy
stem

 as w
ell as th

e ch
aracter’s sp

ecific visu
a
l a

p
p

ea
ra

n
ce are tw

o
 critical featu

res fo
r th

e 

d
esig

n
 o

f an
 effectiv

e p
ed

ag
o

g
ical ag

en
t –

 reg
ard

less o
f its u

n
d

erly
in

g
 lev

el o
f co

m
p

u
tatio

n
al 

fu
n
ctio

n
ality

. 

P
ed

ag
o

g
ical ag

en
t v

isu
al d

esig
n
 isn

’t w
ith

o
u

t ch
allen

g
es h

o
w

ev
er: lack

 o
f an

aly
sis o

f v
isu

al 

d
esig

n
 d

ecisio
n

s can
 lead

 to
 p

itfalls su
ch

 as activ
atin

g
 m

islead
in

g
 ex

p
ectatio

n
s (H

aak
e &

 G
u

lz, 

2
0
0

8
) an

d
 u

n
in

ten
tio

n
ally

 rep
ro

d
u

cin
g
 so

cial stereo
ty

p
es (B

a
y
lo

r, 2
0

0
5

).  

2
.2

.2
. D

evelo
p

in
g

 co
n

versa
tio

n
a
l ca

p
a

cities 

T
h

e first w
ell-k

n
o

w
n

 co
n

v
ersatio

n
al ag

en
t is E

L
IZ

A
, w

h
ich

 sim
u

lated
 a R

o
g
erian

 p
sy

ch
o
th

erap
ist 

(W
eizen

b
au

m
, 1

9
6

6
). E

L
IZ

A
 is an

 ex
am

p
le o

f w
h

at is to
d

ay
 u

su
ally

 referred
 to

 as ch
atb

o
t, a 

sy
stem

 w
ith

 th
e g

o
al to

 ap
p

ear h
u

m
an

lik
e an

d
 en

g
ag

e in
 so

cial co
n

v
ersatio

n
 reg

ard
in

g
 a w

id
e 

ran
g
e o

f issu
es w

ith
in

 an
 u

n
restricted

 d
o

m
ain

. M
an

y
 attem

p
ts to

 b
u
ild

 co
n

v
ersatio

n
al ag

en
ts 

fo
llo

w
ed

 b
u
t th

e area su
b

sid
ed

 in
 th

e b
eg

in
n

in
g
 o

f th
e 1

9
8

0
s d

u
e to

 th
e co

m
p

lex
ity

 o
f n

atu
ral 

lan
g
u

ag
e p

ro
cessin

g
, th

e p
ro

b
lem

 o
f rep

resen
tin

g
 w

o
rld

 k
n
o

w
led

g
e, an

d
 th

e lack
 o

f research
 o

n
 

co
n
n

ected
 d

ialo
g
u

e an
d

 d
isco

u
rse. H

o
w

ev
er, th

e late 1
9

8
0

’s an
d
 1

9
9

0
’s saw

 b
reak

th
ro

u
g
h

s in
 

th
ese areas (cf. G

ro
sz &

 S
id

n
er, 1

9
8
6

; S
m

ith
, 1

9
9

2
; Jö

n
sso

n
, 1

9
9
7

), w
h

ich
 in

 tu
rn

 led
 to

 

d
ev

elo
p

m
en

t o
f n

ew
 k

in
d

s o
f d

ialo
g
u

e sy
stem

s w
h

ich
 w

ere m
o

re task
-o

rien
ted

 an
d

 d
ealt w

ith
 

restricted
 d

o
m

ain
s, su

ch
 as G

a
la

xy (G
o

d
d
eau

 et al., 1
9

9
4
; S

en
eff et al., 1

9
9

8
) R

a
ilT

el (B
en

n
acef 

et al., 1
9

9
6
) T

R
A

IN
S

 (A
llen

 et al., 1
9

9
5

) an
d
 V

erb
m

o
b

il (A
lex

an
d

ersso
n

, M
aier &

 R
eith

in
g
er, 

1
9
9

4
). T

h
ese sy

stem
s w

ere co
n

sid
erab

ly
 m

o
re p

o
w

erfu
l in

 th
e w

a
y
 th

e
y
 co

u
ld

 efficien
tly

 an
d

 

sm
o

o
th

ly
 assist a p

erso
n

 in
 so

lv
in

g
 a task

. F
u

rth
erm

o
re, th

ese sy
stem

s o
ften

 u
sed

 co
m

p
lex

 

strateg
ies fo

r d
ialo

g
u

e m
an

ag
em

en
t to

 ach
iev

e a co
n

n
ected

 d
ialo

g
u

e an
d

 m
ix

ed
 in

itiativ
e 

b
etw

een
 u

ser an
d

 sy
stem

, m
ak

in
g
 th

em
 m

o
re sim

ilar to
 a h

u
m

an
 co

n
v

ersatio
n

al p
artn

er. S
u

ch
 

sy
stem

s relied
 o

n
 reaso

n
in

g
 m

ech
an

ism
s d

ealin
g
 w

ith
 k

n
o

w
led

g
e o

f th
e d

o
m

ain
, th

e task
, th

e 

u
ser an

d
 th

e d
ialo

g
u

e (F
ly

ch
t-E

rik
sso

n
, 2

0
0
3

). A
 sp

ecial ty
p

e o
f th

ese task
-o

rien
ted

 d
ialo

g
u
e 

sy
stem

s are tu
to

rin
g
/tu

to
rial d

ialo
g
u
e sy

stem
s th

at co
m

b
in

e th
e p

ed
ag

o
g
ical fu

n
ctio

n
s o

f 

in
tellig

en
t tu

to
rin

g
 sy

stem
s w

ith
 n

atu
ral lan

g
u

ag
e co

n
v
ersatio

n
s, w

ith
 v

ary
in

g
 so

p
h
isticatio

n
 

w
h

en
 it co

m
es to

 th
e n

atu
ral lan

g
u
ag

e an
d

 d
ialo

g
u
e cap

ab
ilities an

d
 th

e u
n

d
erly

in
g
 m

ech
an

ism
s. 

In
 th

is ty
p
e o

f sy
stem

 n
atu

ral lan
g
u
ag

e co
n
v

ersatio
n
 is u

sed
 m

ain
ly

 fo
r a tu

to
r to

 ask
 q

u
estio

n
s, 

ask
 a stu

d
en

t to
 elab

o
rate o

n
 h

is/h
er ex

am
p

les, elab
o

rate o
n

 an
sw

ers, p
ro

v
id

e fu
rth

er in
fo

rm
atio

n
, 
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 su
m

m
arize an

sw
ers, co

rrect m
isco

n
cep

tio
n

s, o
r p

ro
v

id
e h

in
ts an

d
 d

irectio
n

s. F
o

r ex
am

p
les o

f 

research
 in

 th
is area see G

raesser, W
iem

er-H
astin

g
s, W

iem
er-H

astin
g
s, K

reu
z &

 th
e T

u
to

rin
g
 

R
esearch

 G
ro

u
p

 (1
9

9
9

), G
raesser, C

h
ip

m
an

, H
a
y
n

es &
 O

ln
e
y
 (2

0
0
5

), an
d

 V
an

L
eh

n
 et al. (2

0
0

7
). 

M
o

re recen
tly

, th
ere h

as b
een

 a rev
iv

al o
f ch

a
tb

o
ts d

ev
elo

p
ed

 fo
r v

ario
u

s p
u

rp
o

ses an
d

 

d
ep

lo
y
ed

 o
n

 th
e In

tern
et, m

o
st freq

u
en

tly
 d

ev
elo

p
ed

 u
sin

g
 th

e A
IM

L
 arch

itectu
re 

(h
ttp

://w
w

w
.aliceb

o
t.o

rg
/aim

l.h
tm

l). A
 co

m
m

o
n
 u

se is th
eir d

ep
lo

y
m

en
t as in

fo
rm

atio
n

-

p
ro

v
id

in
g
 ag

en
ts o

n
 w

eb
sites, b

u
t th

ese h
av

e also
 b

een
 u

sed
 in

 ed
u

catio
n
, au

to
m

atic telep
h
o

n
e 

h
elp

 d
esk

s, b
u

sin
ess an

d
 e-co

m
m

erce. C
h

atb
o

t sy
stem

s u
su

ally
 h

av
e sh

allo
w

 o
r n

o
 u

n
d
erstan

d
in

g
 

o
f th

e d
ialo

g
u

e, b
u

t w
o
rk

 b
y
 p

ro
cessin

g
 th

e su
rface tex

t u
sin

g
 k

e
y
-w

o
rd

 sp
o

ttin
g
, p

attern
 

m
atch

in
g
 an

d
 in

fo
rm

atio
n
 retriev

al tech
n
iq

u
es. T

h
ey

 also
 h

av
e n

o
 k

n
o

w
led

g
e rep

resen
tatio

n
s 

ab
o
u

t th
e w

o
rld

, b
u
t can

 “talk
” ab

o
u
t a m

u
ltitu

d
e o

f to
p

ics in
 a d

ialo
g
u

e th
at u

su
ally

 co
n

sists o
f 

q
u
estio

n
 an

d
 an

sw
er tu

rn
s. C

o
n
n

ected
 d

isco
u

rse is lim
ited

 an
d

 th
e in

itiativ
e u

su
ally

 b
elo

n
g
s 

eith
er to

 th
e u

ser o
r to

 th
e sy

stem
. H

o
w

ev
er, w

ith
 im

p
ro

v
ed

 m
eth

o
d

s fo
r d

ata m
in

in
g
 an

d
 

m
ach

in
e learn

in
g
, an

d
 th

e av
ailab

ility
 o

f co
rp

o
ra an

d
 ro

b
u

st lin
g
u

istic an
n

o
tatio

n
s stan

d
ard

s lik
e 

X
M

L
, d

ev
elo

p
m

en
t an

d
 ap

p
licatio

n
 o

f ch
atb

o
t sy

stem
s are b

eco
m

in
g
 m

o
re p

ractical (S
h

aw
ar &

 

A
tw

ell, 2
0

0
7

). 

In
 b

etw
een

 ch
atb

o
ts an

d
 task

-o
rien

ted
 d

ialo
g
u

e sy
stem

s, a n
ew

 sy
stem

 categ
o

ry
 em

erg
ed

, 

term
ed

 V
irtu

al h
u

m
an

s (T
rau

m
, S

w
arto

u
t, G

ratch
, &

 M
arsella, 2

0
0

8
). T

h
e m

ain
 d

ifferen
ces 

b
etw

een
 th

ese th
ree sy

stem
s are p

resen
ted

 in
 F

ig
u

re 1
. 

 

F
ig

u
re 1

. C
h

a
ra

cteristics in
 C

h
a

tb
o

ts, V
irtu

a
l H

u
m

a
n

s, a
n

d
 T

a
sk-o

rie
n
ted

 d
ia

lo
g

u
e system

s. 

V
irtu

al H
u

m
an

s are ag
en

ts th
at h

a
ve a

 g
o

a
l o

f b
o

th
 b

ein
g

 h
u

m
a
n

like a
n

d
 b

ein
g

 a
b

le to
 co

m
p

lete 

ta
sks in

 a
n

 efficien
t m

a
n

n
er. F

ro
m

 a p
ed

ag
o

g
ical p

ersp
ectiv

e, th
is d

ev
elo

p
m

en
t in

tro
d

u
ces 

u
n
iq

u
e n

ew
 p

o
ten

tials an
d

 ch
allen

g
es. C

o
n
n

ected
 an

d
 m

ix
ed

-in
itiativ

e d
ialo

g
u

e, alo
n

g
 w

ith
 th

e 

p
o
ssib

ility
 to

 k
eep

 track
 o

f a d
ialo

g
u

e h
isto

ry
, en

ab
les ed

u
cato

rs to
 d

ev
elo

p
 learn

in
g
 scen

ario
s 

th
at cap

italize o
n

 h
u

m
an

lik
e in

teractio
n

 (e.g
. b

y
 en

ab
lin

g
 learn

ers to
 d

iscu
ss issu

es o
f h

isto
rical 

sig
n

ifican
ce w

ith
 h

isto
rical ag

en
ts). T

h
ey

 also
 o

ffer p
o

ssib
ilities to

 co
m

b
in

e elem
en

ts fro
m

 task
-

o
rien

ted
 d

ialo
g
u

es in
 restricted

 d
o

m
ain

s w
ith

 elem
en

ts fro
m

 b
ro

ad
er, b

u
t sh

allo
w

er, d
ialo

g
u

es o
f 

th
e k

in
d
 u

sed
 in

 ch
atb

o
ts. A

t th
e sam

e tim
e, th

e k
n

o
w

led
g
e rep

resen
tatio

n
s an

d
 p

ro
cessin

g
 o

f th
e 

d
ialo

g
u

e can
 b

e less ex
ten

siv
e an

d
 sim

p
ler th

an
 in

 trad
itio

n
al task

-o
rien

ted
 d

ialo
g
u

es. 

A
 cen

tral p
o
in

t to
 m

ak
e h

ere is th
at V

irtu
a
l H

u
m

a
n

s o
ffer en

h
an

ced
 p

o
ssib

ilities fo
r sim

u
latin

g
 

h
u
m

an
 co

n
v

ersatio
n
 d

u
e to

 th
e p

o
ssib

ility
 to

 sh
ift b

etw
een

 task
- an

d
 d

o
m

ain
-o

rien
ted

 

co
n
v

ersatio
n
 o

n
 th

e o
n

e h
an

d
, an

d
 a b

ro
ad

er an
d
 m

o
re so

cially
 o

rien
ted

 co
n
v

ersatio
n

 o
n
 th

e o
th

er 

h
an

d
. A

n
 im

p
o

rtan
t im

p
licatio

n
 o

f th
is co

m
b
in

atio
n

 o
f task

- an
d

 d
o

m
ain

-o
rien

ted
 co

n
v

ersatio
n
 

w
ith

 so
cial co

n
v

ersatio
n

 is th
at it o

p
en

s u
p

 th
e p

o
ssib

ility
 fo

r a stu
d
en

t an
d
 a p

ed
ag

o
g
ical ag

en
t 

to
 en

g
ag

e in
 w

h
at B

ick
m

o
re (2

0
0
3

) calls “relatio
n

-o
rien

ted
 co

n
v

ersatio
n

”. T
o
 so

m
e ex

ten
t th

is 

d
ev

elo
p

m
en

t p
arallels th

e d
ev

elo
p

m
en

t o
f v

isu
al em

b
o

d
im

en
t o

f p
ed

ag
o

g
ical ag

en
ts. B

o
th

 th
ese 

d
ev

elo
p

m
en

ts am
p

lify
 th

e affo
rd

an
ces o

f a p
ed

ag
o

g
ical ag

en
t as so

m
eo

n
e to

 h
av

e a p
erso

n
a

l 

rela
tio

n
sh

ip
 w

ith
. 
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 2
.3

. In
ten

tio
n

a
l rela

tio
n

 b
u

ild
in

g
 

T
h

e b
asis fo

r relatio
n
 b

u
ild

in
g
 b

etw
een

 stu
d

en
t an

d
 ag

en
t p

resu
m

ab
ly

 lies in
 th

e m
u

ch
 q

u
o
ted

 

m
ed

ia eq
u

atio
n

, fo
rm

u
lated

 b
y
 R

eev
es &

 N
ass (1

9
9

6
) w

h
o
 d

isco
v

ered
 th

at h
u

m
an

s ten
d
 to

 

resp
o
n

d
 to

 m
ed

ia, in
clu

d
in

g
 co

m
p

u
ter artifacts, in

 m
an

n
ers th

at are su
rp

risin
g
ly

 sim
ilar to

 h
o

w
 

h
u
m

an
s resp

o
n

d
 to

 o
th

er h
u
m

an
s. W

ith
 p

resen
t d

ay
 d

ev
elo

p
m

en
t o

f p
ed

ag
o

g
ical co

n
v

ersatio
n

al 

ag
en

ts –
 v

isu
ally

 em
b

o
d
ied

 in
 a h

u
m

an
lik

e sh
ap

e an
d
 en

tertain
in

g
 a h

u
m

an
lik

e co
n

v
ersatio

n
 –

 

th
is d

isp
o

sitio
n

 in
 a h

u
m

an
 learn

er is in
ten

tio
n

a
lly ex

p
lo

ited
. T

h
e p

o
ten

tial fo
r su

ch
 in

ten
tio

n
al 

u
se fo

r p
ed

ag
o

g
ical p

u
rp

o
ses seem

s h
u

g
e –

 in
 p

articu
lar if o

n
e h

o
ld

s, in
 lin

e w
ith

 B
ick

m
o

re 

(2
0
0

2
), th

at in
 ed

u
catio

n
 “th

e estab
lish

in
g
 o

f p
erso

n
al relatio

n
sh

ip
s is ab

so
lu

tely
 cru

cial” (p
. 1

). 

W
ith

 p
ed

ag
o

g
ical co

n
v

ersatio
n
al ag

en
ts o

n
e m

ay
 b

rin
g
 in

 cru
cial elem

en
ts o

f so
cial co

n
tex

t 

an
d
 p

erso
n
al relatio

n
s, reg

ard
ed

 as p
rim

ary
 co

n
d

itio
n
s fo

r co
g
n

itiv
e an

d
 so

cial d
ev

elo
p

m
en

t 

(Jo
h
n

-S
tein

er, 1
9

9
6

), in
to

 a d
ig

ital learn
in

g
 en

v
iro

n
m

en
t. T

h
is arg

u
m

en
t h

as b
een

 p
resen

ted
 in

 

n
u
m

ero
u

s w
a
y
s b

y
 a larg

e n
u

m
b

er o
r research

ers in
 th

e field
 (B

a
y
lo

r &
 K

im
, 2

0
0
5

; G
u
lz, 2

0
0

5
; 

H
all et al., 2

0
0
4

; Jo
h

n
so

n
, K

o
le, S

h
aw

, &
 P

ain
, 2

0
0

3
; P

aiv
a et al., 2

0
0

4
, W

an
g
 et al., 2

0
0

8
).  

It is w
ith

in
 th

is co
n

tex
t th

at w
e in

tro
d
u

ce an
 o

n
g
o

in
g
 R

&
D

 p
ro

ject in
 th

e n
ex

t sectio
n
. T

h
e 

p
ro

ject fo
cu

ses o
n

 th
e d

esig
n

 an
d

 d
ev

elo
p
m

en
t o

f an
 ed

u
catio

n
al m

ath
 g

am
e th

at in
clu

d
es a 

p
ed

ag
o

g
ical ag

en
t. T

h
e ag

en
t sh

ares sim
ilarities to

 a trad
itio

n
al IT

S
, in

 th
at it is ab

stract 

(m
in

im
ally

 em
b

o
d
ied

) an
d

 strictly
 d

o
m

ain
- an

d
 task

-o
rien

ted
 in

 its in
teractio

n
s w

ith
 th

e learn
ers. 

T
h

e p
ro

ject sets o
u

t to
 d

ev
elo

p
 a p

resen
t d

a
y
 p

ed
ag

o
g
ical co

n
v

ersatio
n

al ag
en

t, b
y
 m

ean
s o

f 

visu
a
l em

b
o
d

im
en

t an
d
 c

o
n

versa
tio

n
a

l ca
p
a

cities. T
h
e g

o
al is to

 en
ab

le effectiv
e in

teractio
n

 an
d
 

p
u
rp

o
sefu

l learn
in

g
, w

ith
in

 th
e co

n
tex

t o
f an

 ag
en

t arch
itectu

re th
at fo

sters ag
en

t-learn
er 

relatio
n

sh
ip

s. 

3
. T

H
E

 IL
L

U
S

T
R

A
T

IV
E

 R
&

D
 P

R
O

J
E

C
T

 

3
.1

. T
h

e o
rig

in
a

l g
a

m
e: A

n
 ed

u
ca

tio
n

a
l m

a
th

 g
a

m
e w

ith
 a

 tea
ch

a
b

le a
g

en
t 

T
h

e m
ath

 g
am

e, fro
m

 w
h

ich
 w

e tak
e o

u
r p

o
in

t o
f d

ep
artu

re in
 th

e p
resen

t R
&

D
 p

ro
ject, h

as b
een

 

d
ev

elo
p

ed
 b

y
 L

en
a P

areto
 an

d
 D

an
iel S

ch
w

artz as a co
m

b
in

atio
n

 an
d

 refin
em

en
t o

f p
rev

io
u
sly

 

ex
istin

g
 so

ftw
are (P

areto
, 2

0
0

4
; P

areto
, S

ch
w

artz, &
 S

v
en

sso
n

, 2
0

0
9
). T

h
e ed

u
catio

n
al co

n
ten

t 

o
f th

e g
am

e is b
asic arith

m
etic w

ith
 a p

articu
lar fo

cu
s o

n
 b

ase-1
0
 co

n
cep

ts. T
h
e m

ath
 g

am
e 

co
n
tain

s sev
eral d

ifferen
t 2

-p
lay

er b
o

ard
 g

am
es th

at in
tertw

in
e g

am
e p

la
y
 w

ith
 learn

in
g
 co

n
ten

t.  

T
h

e p
ed

a
g
o

g
ica

l a
g
en

t in
 th

e g
am

e is a T
ea

ch
a

b
le A

g
en

t (T
A

) (B
isw

as, K
atzlb

erg
er, 

B
ran

d
fo

rd
, S

ch
w

artz, &
 T

A
G

-V
, 2

0
0

1
). T

h
is is a class o

f p
ed

ag
o

g
ical ag

e
n

ts th
at b

u
ild

 u
p

o
n

 th
e 

p
ed

ag
o

g
y
 o

f lea
rn

in
g

 b
y tea

ch
in

g
 (B

arg
h

 &
 S

ch
u
l, 1

9
8

0
) –

 a p
ed

ag
o

g
y
 th

at h
as p

ro
v

en
 to

 b
e 

b
en

eficial fo
r learn

in
g
 in

 an
 ed

u
catio

n
al g

am
e co

n
tex

t (C
h

ase, C
h

in
, O

p
p

ezzo
, &

 S
ch

w
artz, 

2
0
0

9
). 

In
 b

rief, stu
d

en
ts teach

 th
eir ag

en
ts to

 p
lay

 th
e b

o
ard

 g
am

es, an
d

 d
ep

en
d
in

g
 o

n
 th

e q
u
ality

 o
f 

th
e stu

d
en

t’s teach
in

g
, th

e T
A

 co
n
stru

cts a m
ath

em
atical m

o
d
el b

y
 m

ean
s o

f artificial 

in
tellig

en
ce (A

I) alg
o

rith
m

s, w
h

ereb
y
 th

e T
A

’s m
ath

em
atical k

n
o

w
led

g
e is co

n
tin

u
o

u
sly
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 reflected
 in

 its sk
ill to

 p
lay

 th
e d

ifferen
t b

o
ard

 g
am

es. T
h
ere is o

n
e m

o
d

e w
h

ere th
e stu

d
en

t 

d
em

o
n

strates to
 th

e ag
en

t h
o

w
 to

 p
lay

 th
e g

am
e an

d
 o

n
e m

o
d

e w
h

ere th
e ag

en
t d

o
es “try

 to
 p

la
y
” 

b
y
 p

ro
p

o
sin

g
 card

s th
at th

e stu
d

en
t can

 eith
er affirm

 o
r rep

lace w
ith

 an
o
th

er card
. In

 b
o

th
 m

o
d

es, 

th
e ag

en
t p

o
ses m

u
ltip

le-ch
o
ice q

u
estio

n
s ab

o
u

t w
h

at h
ap

p
en

s in
 th

e g
am

e, th
at stu

d
en

ts an
sw

er. 

P
ro

p
er (o

r im
p
ro

p
er) an

sw
ers im

p
act co

rresp
o

n
d
in

g
 sk

ills in
 th

e teach
ab

le ag
en

t v
ia th

e A
I 

alg
o
rith

m
s. W

e w
ill refer to

 th
e m

u
ltip

le-ch
o

ice q
u

estio
n
s m

o
d

u
le as “o

n
-task

 co
n
v

ersatio
n

”
1. 

 

-------IN
S

E
R

T
 F

IG
U

R
E

 2
 H

E
R

E
 -------  

F
ig

u
re 2

. O
n

-ta
sk co

n
versa

tio
n

 in
 th

e o
rig

in
a

l g
a
m

e. S
ee D

a
vid

’s a
g

en
t in

 th
e u

p
p

er left. 

A
s seen

 in
 F

ig
u
re 2

 (w
h

ere tw
o

 ag
en

ts p
la

y
 ag

ain
st each

 o
th

er in
 th

e “T
ry

 an
d

 p
lay

” m
o

d
e), th

e 

o
rig

in
al g

am
e in

clu
d

es a v
ery

 b
asic v

isu
al em

b
o

d
im

en
t o

f th
e ag

en
t in

 th
e fo

rm
 o

f a sim
p

le 

ico
n
ic static im

ag
e. 

 

 

-------IN
S

E
R

T
 F

IG
U

R
E

 3
 H

E
R

E
 ------- 

F
ig

u
re 3

. E
n
h

a
n
cem

en
ts to

 th
e o

rig
in

a
l m

a
th

 g
a
m

e: visu
a

l em
b
o

d
im

en
t a

n
d

 co
n
versa

tio
n
a

l 

ca
p

a
city. 

T
h

e p
resen

t R
&

D
 p

ro
ject in

v
o

lv
es d

ev
elo

p
m

en
t o

f th
ese tw

o
 areas: V

isu
al em

b
o

d
im

en
t an

d
 

cap
acities fo

r co
n
v

ersatio
n
 (F

ig
u

re 3
). N

o
te th

at th
e tw

o
 areas b

ein
g
 ad

d
ed

 to
 th

e o
rig

in
al ag

en
t 

o
f th

e g
am

e are th
o
se th

at w
ere p

resen
ted

 in
 S

ectio
n
s 2

.2
. an

d
 2

.3
. W

ith
 th

ese d
ev

elo
p

m
en

ts w
e 

stren
g
th

en
 th

e ag
en

t’s affo
rd

an
ces as “a p

erso
n

a” an
d

 “a so
cial en

tity
”. It sh

o
u
ld

 b
e n

o
ted

, 

h
o
w

ev
er, th

at th
e m

ed
ia eq

u
atio

n
 (R

eev
es &

 N
ass, 1

9
9
6

) p
red

icts th
at th

e ag
en

t in
 th

e o
rig

in
al 

g
am

e w
ill b

e ap
p

ro
ach

ed
 as a so

cial en
tity

, ev
en

 th
o

u
g
h

 it d
o

es n
o
t allo

w
 an

y
 so

p
h

isticated
 

in
teractio

n
 an

d
 is v

isu
ally

 ru
d
im

en
tary

. A
cco

rd
in

g
 to

 th
e m

ed
ia eq

u
atio

n
, m

in
im

al so
cial cu

es 

fro
m

 a co
m

p
u

ter artifact, su
ch

 as a p
air o

f ey
es, a face, lin

g
u

istic o
u

tp
u
t o

f so
m

e k
in

d
, lead

s u
sers 

to
 sp

o
n
tan

eo
u

sly
 resp

o
n
d

 an
d
 m

ak
e attrib

u
tio

n
s to

 th
e artifact a

s if th
e artifact is a so

cial en
tity

. 

F
o

r ex
am

p
le, stu

d
en

ts w
h

o
 p

lay
ed

 th
e o

rig
in

al g
am

e m
ad

e th
e fo

llo
w

in
g
 rem

ark
s ab

o
u

t th
e 

teach
ab

le ag
en

ts, in
d

icatin
g
 th

at th
e
y
 ap

p
lied

 h
u

m
an

 attrib
u

tes to
 th

em
 (L

in
d
strö

m
, H

aak
e, 

S
jö

d
én

 &
 G

u
lz, in

 p
ress).  

–
 “W

h
at is sh

e d
o

in
g
? Is sh

e n
u

ts?!” 

–
 “M

y
 ag

en
t is p

retty
 sm

art, b
u
t h

e is n
o

t in
 th

e lead
 n

o
w

” 

                                                 
1 W

e ack
n

o
w

led
g
e th

at th
is is a v

ery
 lim

ited
 an

d
 ru

d
im

en
tary

 fo
rm

 o
f “co

n
v
ersatio

n
”. 
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 –
 “T

h
e m

o
st im

p
o

rtan
t th

in
g
 is n

o
t th

e o
u
tco

m
e, th

e m
o

st im
p

o
rtan

t th
in

g
 is th

at th
e ag

en
ts are 

h
av

in
g
 fu

n
!” 

3
.2

. V
isu

a
l em

b
o
d

im
en

t o
f th

e tea
ch

a
b

le a
g

en
t a

n
d

 a
 n

o
v

el co
n

v
ersa

tio
n

a
l m

o
d

u
le 

In
 th

e sy
stem

 u
n

d
er d

ev
elo

p
m

en
t, th

e o
rig

in
al ag

e
n
t im

ag
e (to

 th
e left in

 F
ig

u
re 4

) h
as b

een
 

rep
laced

, v
ia iterativ

e d
ev

elo
p

m
en

t an
d

 testin
g
, w

ith
 m

o
re elab

o
rated

 v
isu

al fig
u
res. A

 first set 

can
 b

e seen
 to

 th
e rig

h
t in

 F
ig

u
re 4

, an
d

 a seco
n
d

 iteratio
n
 o

f so
m

e o
f th

em
 in

 F
ig

u
re 5

. F
ig

u
re 6

 

p
ro

v
id

es a v
iew

 o
f an

 ag
en

t w
h

en
 a stu

d
en

t is p
lay

in
g
 th

e m
ath

 g
am

e ag
ain

st th
e co

m
p

u
ter.  

T
h

o
ro

u
g
h

 u
ser testin

g
 w

ith
 th

e targ
et g

ro
u
p

 in
 q

u
estio

n
 is essen

tial in
 th

ese iterativ
e p

ro
cesses, 

g
iv

en
 th

e im
p
o

rtan
ce o

f v
isu

al featu
res fo

r estab
lish

in
g
 affin

ity
 an

d
 fo

r ro
le-m

o
d

elin
g
 an

d
 

id
en

tificatio
n

 as d
escrib

ed
 in

 sectio
n

 2
.2

.1
. 

 

-------IN
S

E
R

T
 F

IG
U

R
E

 4
 H

E
R

E
------- 

F
ig

u
re 4

. T
h

e em
b
o

d
im

e
n
t o

f th
e p

ed
a

g
o
g

ica
l a

g
e
n
t in

 th
e o

rig
in

a
l m

a
th

 g
a
m

e to
 th

e left w
ith

 

so
m

e o
f th

e n
o

vel visu
a

l ch
a
ra

cters to
 th

e rig
h

t. 

 

-------IN
S

E
R

T
 F

IG
U

R
E

 5
 H

E
R

E
------ 

F
ig

u
re 5

. S
eco

n
d
 itera

tio
n

 o
f a

g
en

ts fo
r th

e m
a

th
 g

a
m

e. 

 

-------IN
S

E
R

T
 F

IG
U

R
E

 6
 H

E
R

E
------- 

F
ig

u
re 6

. N
o

vel em
b

o
d

im
en

t o
f th

e a
g
en

t in
 its g

a
m

e co
n

te
xt. N

o
te: T

h
e w

o
rd

 “
D

a
to

r”
 u

n
d

er th
e 

u
p
p

er rig
h

t ico
n

 is S
w

ed
ish

 fo
r “

C
o

m
p

u
ter”

. 

N
o

te th
at w

e ex
p

licitly
 av

o
id

 a n
atu

ralist o
r ev

en
 sem

i-n
atu

ralist sty
le fo

r th
e p

ed
ag

o
g
ical ag

en
t 

rep
resen

tatio
n

. T
h

e m
ain

 reaso
n

 is th
at w

e w
an

t to
 d

o
w

n
p
lay

 ex
p

ectatio
n
s th

at stu
d
en

ts m
a
y
 h

av
e 

relatin
g
 to

 th
e ag

en
t b

eh
av

in
g
 an

d
 co

n
v

ersin
g
 ju

st like a h
u

m
an

 b
ein

g
: a co

n
flict b

etw
een

 th
e 

ab
ilities o

f an
 ag

en
t an

d
 th

e learn
ers’ p

ercep
tio

n
 o

f th
ese ab

ilities, h
as b

een
 sh

o
w

n
 to

 cau
se 

fru
stratio

n
 in

 a learn
er. D

o
w

lin
g
 (2

0
0

0
) claim

s w
ith

 referen
ce to

 M
asterto

n
 (1

9
9
8

) th
at m

an
y
 

u
sers “ex

p
ress a h

ig
h
er to

leran
ce o

f th
e lim

itatio
n

s o
f a ’ch

aracter’ th
at is m

o
re sk

etch
ily

 

rep
resen

ted
, fo

r in
stan

ce th
ro

u
g
h

 carto
o

n
-lik

e g
rap

h
ics.” (ib

id
., p

. 3
0

). L
ik

ew
ise, D

eh
n

 an
d
 v

an
 

M
u
lk

en
 (2

0
0
0

) rev
iew

 stu
d

ies th
at in

d
icate th

at ag
en

ts w
ith

 a m
o

re n
atu

ralistic v
isu

al ap
p

earan
ce 

can
 in

d
eed

 h
am

p
er learn

in
g
 b

y
 m

islead
in

g
 th

e learn
er to

 b
eliev

e th
at th

e ag
en

t resem
b
les h

u
m

an
 

b
ein

g
s in

 o
th

er co
g
n
itiv

e an
d

 em
o

tio
n

al asp
ects as w

ell. T
h

e
y
 m

ay
, fo

r in
stan

ce, ex
p

ect em
p

ath
y
 

fro
m

 th
e ag

en
t o

r ex
p

ect co
n
v

ersatio
n

al cap
acities, th

at th
e ag

en
t d

o
es n

o
t liv

e u
p
 to

, lead
in

g
 to

 

d
isap

p
o

in
tm

en
t an

d
 fru

stratio
n
 (V

eletsian
o
s, S

ch
arb

er, &
 D

o
erin

g
, 2

0
0
8

).  

1
0

 

 

T
h

e seco
n

d
 m

ain
 d

ev
elo

p
m

en
t –

 th
e fo

cu
s o

f th
is ch

ap
ter –

 co
n

sists o
f a m

o
d
u

le th
at allo

w
s 

th
e stu

d
en

t to
 en

g
ag

e in
 free-fo

rm
 co

n
v

ersatio
n

 w
ith

 th
e ag

en
t b

etw
een

 g
am

e sessio
n
s (v

is a-v
is 

a co
n
v

ersatio
n

 th
at is steered

 b
y
 m

u
ltip

le-ch
o

ice o
p

tio
n

s). (S
ee F

ig
u
re 3

.) 

W
h

ereas w
e refer to

 th
e m

u
ltip

le-ch
o

ice fo
rm

at co
n
v

ersatio
n

 w
h

ile p
la

y
in

g
 a p

articu
lar b

o
ard

 

g
am

e as o
n

-ta
sk co

n
v

ersatio
n

 –
 w

e refer to
 th

e m
o
d

u
le fo

r freer co
n

v
ersatio

n
 w

ith
 th

e ag
en

t in
 

th
e fo

rm
 o

f a ch
at w

in
d

o
w

 as o
ff-ta

sk co
n

v
ersatio

n
. In

 tu
rn

, w
e d

istin
g
u

ish
 tw

o
 o

ff-task
 

co
n
v

ersatio
n
 categ

o
ries w

ith
 resp

ect to
 th

e to
p

ic o
r co

n
ten

t 2. 

- 
O

ff-ta
sk/o

n
-d

o
m

a
in

 co
n

v
ersatio

n
 is free co

n
v
ersatio

n
 relatin

g
 to

 th
e m

ath
 g

am
e, m

ath
em

atics 

in
 g

en
eral, an

d
 sch

o
o

l. C
o

n
v

ersatio
n

s th
at fo

cu
s o

n
 h

o
w

 fu
n

 o
r b

o
rin

g
 certain

 b
o

ard
 g

am
es 

w
ere o

r ab
o

u
t w

h
eth

er o
n

e th
in

k
s m

ath
em

atics is d
ifficu

lt o
r n

o
t, w

o
u

ld
 classify

 as o
ff-task

/o
n

-

d
o

m
ain

 co
n

v
ersatio

n
. 

- 
O

ff-ta
sk/o

ff-d
o

m
a

in
 co

n
v

ersatio
n
 can

 b
e ab

o
u

t an
y
 to

p
ic o

th
er th

an
 th

e o
n

es ab
o

v
e. F

o
r 

in
stan

ce co
n
v

ersatio
n
s ab

o
u

t m
u

sic, b
ein

g
 tired

, sp
o

rts, an
d

 fo
o

d
 are classified

 as o
ff-task

/o
ff-

d
o

m
ain

 co
n

v
ersatio

n
s. 

T
h

e u
n

d
erly

in
g
 d

ialo
g
u

e arch
itectu

re fo
r a p

ed
ag

o
g
ical ag

en
t th

at w
ill h

an
d

le su
ch

 o
ff-task

 

co
n
v

ersatio
n
, to

g
eth

er w
ith

 to
p

ics th
at relate to

 th
e sp

ecific m
ath

 g
am

es b
ein

g
 p

la
y
ed

, h
as to

 b
e a 

co
m

b
in

atio
n

 o
f a ch

atb
o
t-lik

e sy
stem

 an
d

 a task
-o

rien
ted

 IT
S

-lik
e sy

stem
. (C

o
m

p
are F

ig
u
re 1

.) 

In
 o

u
r sy

stem
 w

e are im
p

lem
en

tin
g
 th

e ag
en

t’s ab
ility

 to
 en

g
ag

e in
 o

ff-task
 co

n
v
ersatio

n
 as a 

m
ix

ed
-in

itiativ
e d

ialo
g
u
e strateg

y
 in

 o
rd

er to
 allo

w
 b

o
th

 th
e ag

en
t an

d
 th

e u
ser to

 d
irect th

e 

d
ialo

g
u

e (e.g
. b

y
 in

tro
d

u
cin

g
 n

ew
 to

p
ics an

d
 p

o
sin

g
 q

u
estio

n
s). T

h
e ag

en
t k

eep
s a h

isto
ry

 o
f th

e 

u
tteran

ces in
 th

e d
ialo

g
u

e, b
o

th
 in

 th
e cu

rren
t an

d
 p

rev
io

u
s sessio

n
s. T

h
is g

iv
es u

s a p
o
ssib

le to
o
l 

fo
r o

b
tain

in
g
 a b

alan
ce b

etw
een

 o
n

-d
o

m
ain

 an
d
 o

ff-d
o

m
ain

 to
p

ics in
 th

e o
ff-task

 co
n
v

ersatio
n

. 

F
o

r in
stan

ce, th
e p

ed
ag

o
g
ical ag

en
t m

ay
 attem

p
t to

 b
rin

g
 th

e learn
er b

ack
 to

 th
e task

 b
y
 

(re)in
tro

d
u

cin
g
 p

articu
lar to

p
ics o

f co
n

v
ersatio

n
: if th

e stu
d

en
t h

as p
ersisted

 in
 d

iscu
ssin

g
 m

u
sic, 

th
e ag

en
t can

 ask
 ab

o
u

t sch
o

o
l-related

 m
u
sic lesso

n
s w

ith
 th

e aim
 to

 g
u

id
e th

e su
b
ject b

ack
 to

 

sch
o

o
l-related

 to
p

ics. 

N
ex

t w
e ex

p
an

d
 o

n
 th

e u
n

d
erly

in
g
 rea

so
n

s fo
r in

tro
d

u
cin

g
 o

ff-task
 co

n
v
ersatio

n
 in

 a 

p
ed

ag
o

g
ical ag

en
t sy

stem
 b

y
 d

iscu
ssin

g
 p

o
ten

tial p
ed

ag
o

g
ical b

en
efits. W

e start b
y
 lo

o
k
in

g
 at 

h
u
m

an
-to

-h
u
m

an
 teach

in
g
 an

d
 th

e co
m

b
in

atio
n

 o
f o

n
-task

 an
d

 o
ff-task

 co
n

v
ersatio

n
 in

 th
at 

co
n
tex

t. 

3
.4

. P
o
ten

tia
l ed

u
ca

tio
n

a
l b

en
efits o

f o
ff-ta

sk
 co

n
v
ersa

tio
n

 

In
 trad

itio
n

al teach
in

g
 situ

atio
n

s su
ch

 as lesso
n

s, lectu
res, tu

to
rials, etc., th

ere is alw
a
y
s a 

m
ix

tu
re o

f o
n

-ta
sk co

n
v

ersatio
n

 th
at strictly

 p
ertain

s to
 th

e su
b

ject co
n

ten
t an

d
 task

s o
f th

e 

lesso
n
, an

d
 so

m
e o

ff-ta
sk co

n
v
ersatio

n
. In

stru
cto

rs, teach
ers, tu

to
rs reg

u
larly

 also
 d

ig
ress fro

m
 

th
e class to

p
ic: th

e
y
 m

a
y
 b

rin
g
 u

p
 a m

atter o
f g

en
eral in

terest, co
m

m
en

t o
n
 th

eir o
w

n
 p

erso
n

al 

                                                 
2 T

h
ese d

istin
ctio

n
s are im

p
o

rtan
t w

h
en

 it co
m

es to
 ev

alu
atin

g
 th

e p
ed

ag
o

g
ical fu

n
ctio

n
 o

f o
ff-task

 co
n

v
ersatio

n
s 

an
d

 o
p
tim

izin
g
 th

eir p
o
ten

tial fo
r p

ro
m

o
tin

g
 actu

al learn
in

g
   

 



1
1

 

 relatio
n

 to
 th

e su
b

ject o
f th

e lesso
n

, tell a jo
k
e, g

iv
e a p

erso
n

al co
m

m
en

t to
 a stu

d
en

t, an
d

 so
 o

n
. 

In
 fact, it is u

n
u
su

al to
 fin

d
 a teach

er w
h

o
 is co

m
p

letely
 fo

cu
sed

 an
d
 d

o
es n

o
t at all d

ev
iate fro

m
 

th
e task

 an
d
 to

p
ic o

f a lesso
n
. 

A
 n

u
m

b
er o

f p
ed

ag
o

g
ical m

o
tiv

es can
 b

e b
ro

u
g
h
t fo

rth
 fo

r in
clu

d
in

g
 o

p
p

o
rtu

n
ities fo

r o
ff-task

 

co
n
v

ersatio
n
 also

 in
 a d

ig
ital learn

in
g
 en

v
iro

n
m

en
t. 

- 
O

ff-task
 co

n
v

ersatio
n
s m

ay
 en

co
u

rag
e em

o
tio

n
al en

g
ag

em
en

t an
d

 create ad
d
itio

n
al 

p
o

ssib
ilities fo

r rem
em

b
erin

g
 learn

in
g
 m

aterial. T
h

is is su
p
p

o
rted

 b
y
 fin

d
in

g
s th

at b
rain

 

p
ro

cesses o
f m

em
o

ry
 co

d
in

g
 an

d
 sto

rag
e are stim

u
lated

 b
y
 em

o
tio

n
al en

g
ag

em
en

t (H
am

an
n

, 

2
0

0
1

). N
ev

erth
eless, th

is is n
o
t to

 say
 th

at all o
ff-task

 in
teractio

n
s are eq

u
ally

 en
g
ag

in
g
. F

o
r 

in
stan

ce, “sm
all talk

” can
 p

ro
m

o
te tru

st an
d

 rap
p
o

rt-b
u

ild
in

g
, an

d
 at th

e sam
e tim

e b
rin

g
 in

 

task
-related

 in
fo

rm
atio

n
. (B

ick
m

o
re &

 C
assell, 1

9
9

9
; B

ick
m

o
re &

 C
assell, 2

0
0

0
). A

n
 ex

am
p
le 

fro
m

 a real classro
o

m
 w

o
u

ld
 b

e a ch
em

istry
 teach

er w
h
o

 en
g
ag

es h
er stu

d
en

ts in
 d

iscu
ssio

n
 

ab
o

u
t sch

o
o

l an
d
 relates an

 an
ecd

o
te ab

o
u

t th
e tim

e sh
e cau

sed
 a fire d

u
rin

g
 a lab

o
rato

ry
 

lesso
n

 as a stu
d

en
t. K

u
m

ar, G
w

eo
n

, Jo
sh

i, C
u

i &
 R

o
sé (2

0
0

7
) co

n
d

u
cted

 an
 ex

p
erim

en
t alo

n
g
 

th
is lin

e o
f th

o
u

g
h

t w
ith

 a d
ialo

g
u

e ag
en

t w
ith

in
 th

e m
ath

em
atics d

o
m

ain
, w

h
ere th

e ag
en

t 

acco
m

p
an

ied
 stu

d
en

t p
airs in

 co
llab

o
rativ

e learn
in

g
 v

ia a ch
at. T

h
e ag

en
ts cam

e in
 tw

o
 

v
ersio

n
s: o

n
e w

ith
 so

 called
 co

g
n

itiv
e su

p
p

o
rt ag

en
ts o

n
ly

, an
d

 o
n
e w

ith
 b

o
th

 co
g
n
itiv

e 

su
p

p
o

rt ag
en

ts an
d
 so

cial d
ialo

g
u

e ag
en

ts
3. T

h
e latter w

ere d
esig

n
ed

 to
 sh

o
w

 p
erso

n
al in

terest 

in
 th

e stu
d
en

ts b
y
 ask

in
g
 th

em
 to

 rev
eal th

eir p
erso

n
al p

referen
ces ab

o
u

t ex
tra-cu

rricu
lar 

d
o

m
ain

s. T
h

e stu
d

en
t p

referen
ces w

ere th
en

 u
sed

 as in
p

u
t w

h
en

 th
e m

ath
 p

ro
b

lem
s w

ere 

co
n

stru
cted

. If o
n

e stu
d
en

t an
sw

ered
 th

at sh
e w

o
u

ld
 p

refer a lo
n

g
 car rid

e to
 a lo

n
g
 flig

h
t, an

d
 

th
e o

th
er stu

d
en

t in
 th

e p
air resp

o
n
d

ed
 th

at b
o

o
k
s are m

o
re am

u
sin

g
 th

an
 m

o
v
ies, th

e m
ath

 

activ
ities p

resen
ted

 to
 th

ese stu
d

en
ts w

o
u
ld

 in
clu

d
e a car rid

e an
d

 b
o
o

k
s. T

h
e in

ten
tio

n
 w

as 

th
at th

e so
cial d

ialo
g
u

e sh
o
u

ld
 g

iv
e stu

d
en

ts th
e im

p
ressio

n
 th

at th
e ag

en
t tak

es p
erso

n
al 

in
terest in

 th
em

. R
esu

lts sh
o
w

ed
 th

at th
e ad

d
itio

n
 o

f th
e so

cial d
ialo

g
u

e ag
en

ts h
ad

 a stro
n

g
 

p
o

sitiv
e effect o

n
 th

e attitu
d

e th
at stu

d
en

ts d
isp

lay
ed

 to
w

ard
s ag

en
ts as w

ell as a slig
h

t p
o

sitiv
e 

effect at learn
in

g
 o

u
tco

m
es. T

h
e au

th
o

rs th
u
s arg

u
ed

 th
at “so

cial p
ro

m
p

ts are n
o

t ju
st 

ex
tran

eo
u

s en
tertain

m
en

t, b
u

t can
 affect stu

d
en

t’s attitu
d

es an
d
 b

eh
av

io
u

r.”  

- 
O

ff-task
 co

n
v

ersatio
n
 can

 serv
e to

 m
ak

e a learn
er feel m

o
re co

m
fo

rtab
le, relax

ed
 an

d
 at ease 

w
ith

 a learn
in

g
 task

 o
r to

p
ic. It can

 ev
en

 h
elp

 to
 release m

en
tal b

lo
ck

ag
es w

h
ich

 b
eset so

m
e 

stu
d

en
ts w

ith
 reg

ard
 to

 certain
 ed

u
catio

n
al m

aterial, fo
r ex

am
p

le m
ath

em
atics o

r tech
n
ical 

su
b

jects (v
an

 M
u

lk
en

, A
n

d
ré, &

 M
ü

ller, 1
9
9

8
). M

ath
 an

x
iety

 fo
r in

stan
ce, is a feelin

g
 o

f 

ten
sio

n
, ap

p
reh

en
sio

n
, o

r fear th
at in

terferes w
ith

 m
ath

 p
erfo

rm
an

ce an
d
 is a w

ell-d
o
cu

m
en

ted
 

p
h

en
o

m
en

o
n

. T
h
ere are p

o
ten

tials to
 u

se an
 ag

en
t’s o

ff-task
 co

n
v

ersatio
n
 to

 en
co

u
rag

e a m
o

re 

relax
ed

 atm
o

sp
h

ere w
h

en
 learn

in
g
 m

ath
em

atics. A
n

 ag
en

t can
 also

 act as ro
le m

o
d
el fo

r w
a
y
s 

to
 co

p
e w

ith
 d

ifficu
lties (cf. S

ch
u

n
k
, H

an
so

n
 &

 C
o

x
, 1

9
8
7

). 

- 
F

in
ally

, it h
as o

ften
 b

een
 su

g
g
ested

 th
at o

ff-task
 co

n
v
ersatio

n
 o

f a so
cial an

d
 relatio

n
al k

in
d

, 

can
 resu

lt in
 in

creased
 m

o
tiv

atio
n
 o

r en
g
ag

em
en

t w
ith

 th
e task

 an
d
 d

o
m

ain
 in

 q
u

estio
n

. F
o

r 

                                                 
3 N

o
te th

at, in
 co

n
trast to

 o
u

r sy
stem

 u
n

d
er d

ev
elo

p
m

en
t, th

e ag
en

ts th
at en

g
ag

es in
 o

n
-task

 co
n

v
ersatio

n
 an

d
 in

 o
ff-task

 

co
n

v
ersatio

n
, resp

ectiv
ely

, are d
ifferen

t ag
en

ts an
d

 n
o
t o

n
e an

d
 th

e sam
e. 

1
2

 

 

in
stan

ce R
y
u

 &
 B

a
y
lo

r (2
0

0
5

) h
o

ld
 fo

rth
 “th

e ‘E
n

g
a

g
in

g
 facto

r’ o
r ‘th

e p
o

sitive so
cia

l 

p
resen

ce o
f th

e ag
en

t’ as it is ‘th
ere’ fo

r th
e learn

ers an
d
 m

o
tiv

atin
g
 th

em
” (p

. 2
6

). In
 tu

rn
 su

ch
 

m
o

tiv
atin

g
 effects –

 g
ain

ed
 fro

m
 th

e so
cial d

im
en

sio
n

s o
f in

teractin
g
 w

ith
 a p

ed
ag

o
g
ical ag

en
t 

–
 m

a
y
 affect learn

in
g
 o

u
tco

m
es in

 term
s o

f im
p

ro
v
ed

 u
n
d

erstan
d
in

g
, m

em
o

ry
, p

ro
b

lem
 

so
lv

in
g
, etc. (e.g

. L
ester et a

l., 2
0

0
0

; M
o

u
n
d

rid
o

u
 &

 V
irv

o
u
, 2

0
0

2
; Jo

h
n
so

n
 et a

l., 2
0

0
3

). 

A
cco

rd
in

g
 to

 A
n

d
ré an

d
 R

ist (2
0
0

0
), a p

erso
n

 p
o
ssib

ly
 learn

s m
o

re ab
o
u

t a su
b

ject m
atter if 

w
illin

g
 to

 sp
en

d
 m

o
re tim

e w
ith

 a sy
stem

. M
o

ren
o

, M
a
y
er, S

p
ires, an

d
 L

ester (2
0

0
1

) su
g

g
est 

th
at a so

cia
l ag

en
c
y
 en

v
iro

n
m

en
t b

u
ilt aro

u
n

d
 a co

n
v

ersatio
n

al p
ed

ag
o

g
ical ag

en
t w

ill 

en
co

u
rag

e learn
ers to

 m
a

ke a
 stro

n
g

er effo
rt to

 u
n
d

erstan
d
 m

aterial. 

In
 su

m
, b

y
 ad

d
in

g
 an

 o
ff-task

 co
n

v
ersatio

n
 m

o
d

u
le to

 th
e o

rig
in

al g
am

e an
d

 p
ed

ag
o

g
ical ag

en
t, 

w
e sim

u
late a n

atu
ral p

art o
f trad

itio
n

al ed
u
catio

n
al settin

g
s, h

o
p

in
g
 th

at th
is w

ill h
av

e p
o
sitiv

e 

effects o
n

 th
e m

o
tiv

atio
n

al q
u
alities o

f th
e g

am
e. In

 ad
d

itio
n

 w
e set o

u
t to

 ex
p

lo
re w

h
eth

er th
e 

co
n
v

ersatio
n
al m

o
d

u
le can

 b
e th

e b
asis o

f p
ed

ag
o

g
ical in

terv
en

tio
n
s to

 affect stu
d

en
ts’ m

ath
 self-

efficac
y
 an

d
 attitu

d
es to

w
ard

s m
ath

 as a sch
o

o
l su

b
ject. 

4
. G

U
ID

IN
G

 F
R

A
M

E
W

O
R

K
S

 

4
.1

 T
h

e E
n

h
a

n
cin

g
 A

g
en

t-L
ea

rn
er In

tera
ctio

n
 (E

n
A

L
I) fra

m
ew

o
rk

 

R
esearch

ers h
av

e lo
n

g
 called

 fo
r a refin

ed
 ap

p
ro

ach
 to

 th
e d

esig
n
 o

f v
irtu

al ag
en

ts (D
eh

n
 &

 v
an

 

M
u
lk

en
, 2

0
0
0

), an
d

 d
u

rin
g
 th

e last few
 y

ears p
ed

ag
o

g
ical ag

en
t research

ers h
av

e p
ro

p
o

sed
 a 

n
u
m

b
er o

f fram
ew

o
rk

s to
 en

h
an

ce p
ed

ag
o

g
ical ag

en
t im

p
lem

en
tatio

n
s (e.g

., K
im

 &
 B

a
y
lo

r, 

2
0
0

8
; W

o
o

, 2
0

0
9

). In
 th

is p
ap

er, w
e u

se th
e E

n
h
a

n
cin

g
 A

g
en

t-L
ea

rn
er In

te
ra

ctio
n
 (E

n
A

L
I) 

fram
ew

o
rk

 (V
eletsian

o
s et al., 2

0
0

9
) to

 g
u

id
e o

u
r w

o
rk

. T
h

e E
n

A
L

I fram
ew

o
rk

, co
n

sists o
f 

p
ractical g

u
id

elin
es fo

r th
e effectiv

e d
esig

n
 o

f p
ed

ag
o

g
ical ag

en
ts th

at are in
 clo

se alig
n

m
en

t 

w
ith

 d
esig

n
 in

q
u
iry

 an
d

 p
ractice, tak

in
g
 an

 en
co

m
p
assin

g
 v

iew
 o

f d
esig

n
 th

at ad
d
resses so

cial, 

co
n
v

ersatio
n
al, an

d
 p

ed
ag

o
g
ical issu

es. T
h
ese g

u
id

elin
es fo

cu
s o

n
 en

h
an

cin
g
 ag

en
t-learn

er 

in
teractio

n
, ag

en
t m

essag
e, an

d
 ag

en
t ch

aracteristics an
d

 are p
resen

ted
 in

 T
ab

le 1
. W

e w
ill retu

rn
 

to
 th

ese in
 th

e sectio
n

s th
at fo

llo
w

.  

T
a
b

le 1
. T

h
e E

n
h

a
n

cin
g
 A

g
en

t L
ea

rn
er In

tera
ctio

n
s (E

n
A

L
I) F

ra
m

ew
o
rk (fro

m
 V

eletsia
n

o
s, 

M
iller, &

 D
o

erin
g

, 2
0

0
9
) 

 
D

esig
n

 fo
cu

s 
G

u
id

elin
es 

1
 

U
ser 

in
teractio

n
 

A
g

en
ts sh

o
u

ld
 b

e a
tten

tive a
n
d

 sen
sitive to

 th
e lea

rn
er’s n

eed
s 

a
n

d
 w

a
n

ts b
y: 

- 
B

ein
g
 resp

o
n

siv
e an

d
 reactiv

e to
 req

u
ests fo

r ad
d

itio
n

al an
d
/o

r 

ex
p
an

d
ed

 in
fo

rm
atio

n
. 

- 
B

ein
g
 red

u
n

d
an

t. 

- 
A

sk
in

g
 fo

r fo
rm

ativ
e an

d
 su

m
m

ativ
e feed

b
ack

. 



1
3

 

 

- 
M

ain
tain

in
g
 an

 ap
p
ro

p
riate b

alan
ce b

etw
een

 o
n
- an

d
 o

ff-task
 

co
m

m
u

n
icatio

n
s. 

2
 

M
essag

e 
A

g
en

ts sh
o

u
ld

 co
n

sid
er in

trica
cies o

f th
e m

essa
g

e b
y: 

- 
M

ak
in

g
 th

e m
essag

e ap
p

ro
p

riate to
 th

e receiv
er’s ab

ilities, 

ex
p
erien

ces, an
d
 fram

e o
f referen

ce. 

- 
U

sin
g
 co

n
g
ru

en
t v

erb
al an

d
 n

o
n

v
erb

al m
essag

es. 

- 
C

learly
 o

w
n

in
g
 th

e m
essag

e. 

- 
M

ak
in

g
 m

essag
es co

m
p
lete an

d
 sp

ecific. 

- 
U

sin
g
 d

escrip
tiv

e, n
o
n

-ev
alu

ativ
e co

m
m

en
ts. 

- 
D

escrib
in

g
 feelin

g
s b

y
 n

am
e, actio

n
, o

r fig
u

re o
f sp

eech
. 

3
 

A
g
en

t 

ch
aracteristics 

A
g

en
ts sh

o
u

ld
 d

isp
la

y so
cia

lly a
p

p
ro

p
ria

te d
em

ea
n

o
r, p

o
stu

re, 

a
n

d
 rep

resen
ta

tio
n
 b

y: 

- 
E

stab
lish

in
g
 cred

ib
ility

 an
d

 tru
stw

o
rth

in
ess. 

- 
E

stab
lish

in
g
 ro

le an
d

 relatio
n

sh
ip

 to
 u

ser/task
. 

- 
B

ein
g
 p

o
lite an

d
 p

o
sitiv

e (e.g
., en

co
u

rag
in

g
, m

o
tiv

atin
g
). 

- 
B

ein
g
 ex

p
ressiv

e (e.g
. ex

h
ib

itin
g
 v

erb
al cu

es in
 sp

eech
). 

- 
U

sin
g
 a v

isu
al rep

resen
tatio

n
 ap

p
ro

p
riate to

 co
n

ten
t. 

It is im
p
o

rtan
t to

 o
b

serv
e th

at th
ese g

u
id

elin
es m

ay
 o

v
erlap

 an
d
 in

flu
en

ce o
n
e an

o
th

er. F
o
r 

in
stan

ce, o
n
e g

u
id

elin
e su

g
g
ests th

at ag
en

ts “m
ain

tain
 an

 ap
p

ro
p
riate b

alan
ce b

etw
een

 o
n

- an
d
 

o
ff-task

 co
m

m
u

n
icatio

n
s” an

d
 an

o
th

er su
g

g
ests th

at ag
en

ts “estab
lish

 [th
eir] cred

ib
ility

 an
d

 

tru
stw

o
rth

in
ess.” N

o
tab

ly
, b

o
th

 o
n
-task

 an
d

 o
ff-task

 in
teractio

n
s can

 estab
lish

 o
r sh

atter 

cred
ib

ility
 o

r tru
stw

o
rth

in
ess: co

rrect o
n

-task
 resp

o
n

ses to
 learn

er q
u

estio
n
s an

d
 o

ff-task
 rem

ark
s 

(e.g
. rem

em
b

erin
g
 a learn

er’s n
am

e after an
 in

itial in
teractio

n
) m

a
y
 estab

lish
 rap

p
o

rt, w
h
ile 

in
co

rrect o
n
-task

 resp
o

n
ses to

 learn
er q

u
estio

n
s an

d
 o

ff-task
 rem

ark
s at in

ap
p

ro
p

riate tim
es (e.g

. 

w
h

en
 th

e learn
er is req

u
estin

g
 assistan

ce w
ith

 an
 esp

ecially
 ch

allen
g
in

g
 asp

ect o
f a learn

in
g
 

activ
ity

) m
a
y
 ru

in
 th

e ag
en

t’s cred
ib

ility
. 

4
.2

 D
esig

n
 b

a
sed

 resea
rch

 

T
h

e m
eth

o
d
o

lo
g
y
 th

at w
e u

se to
 en

h
an

ce p
ed

ag
o

g
ical ag

en
t d

ep
lo

y
m

en
ts is term

ed
 D

esig
n
 b

ased
 

research
 (D

B
R

) an
d

 is a relativ
ely

 n
ew

 research
 m

eth
o

d
o

lo
g

y
 th

at aim
s to

 assist in
 u

n
d
erstan

d
in

g
 

learn
in

g
 in

 co
n

tex
t (B

ro
w

n
, 1

9
9

2
; C

o
llin

s, 1
9
9

2
). W

an
g
 an

d
 H

an
n
afin

 (2
0

0
6
, p

.6
) arg

u
e th

at 

D
B

R
 is, “a sy

stem
atic b

u
t flex

ib
le m

eth
o
d

o
lo

g
y
 aim

ed
 to

 im
p

ro
v

e ed
u

catio
n
al p

ractices th
ro

u
g
h
 

iterativ
e an

aly
sis, d

esig
n

, d
ev

elo
p

m
en

t, an
d
 im

p
lem

en
tatio

n
, b

ased
 o

n
 co

llab
o

ratio
n

 am
o
n

g
 

research
ers an

d
 p

ractitio
n

ers in
 real-w

o
rld

 settin
g
s, an

d
 lead

in
g
 to

 co
n
tex

tu
ally

-sen
sitiv

e d
esig

n
 

p
rin

cip
les an

d
 th

eo
ries.” D

B
R

 attem
p

ts to
 u

n
d

erstan
d

 th
e “h

o
w

” w
h

ile v
alu

in
g
 eco

lo
g
ical 

v
alid

ity
 an

d
 ex

p
lo

ratio
n

 in
 m

essy
 ed

u
catio

n
al co

n
tex

ts. F
o

r in
stan

ce, w
e ask

, (a) h
o
w

 d
o

es 

p
ed

ag
o

g
ical ag

en
t ap

p
earan

ce in
flu

en
ce th

e w
a
y
 ag

en
ts an

d
 learn

ers in
teract, (b

) h
o

w
 d

o
 iterativ

e 

1
4

 

 m
o

d
ificatio

n
s en

h
an

ce learn
in

g
, (c) an

d
 h

o
w

 d
o

es k
n

o
w

led
g
e fro

m
 th

is ex
ercise in

fo
rm

 th
eo

ry
 

an
d
 p

ractice? M
o

re fo
rm

ally
, D

B
R

 is a m
u
lti-step

 m
eth

o
d
o

lo
g
ical ap

p
ro

ach
 aim

ed
 at en

h
an

cin
g
 

learn
in

g
 an

d
 teach

in
g
 p

ro
cesses b

y
 m

ean
s o

f th
eo

ry
 d

ev
elo

p
m

en
t, research

 in
 au

th
en

tic an
d

 

n
atu

ralistic en
v

iro
n

m
en

ts, an
d

 th
e sh

arin
g
 o

f k
n
o

w
led

g
e am

o
n

g
st p

ractitio
n
ers an

d
 research

ers 

(T
h
e D

esig
n

-B
ased

 R
esearch

 C
o

llectiv
e, 2

0
0

3
). P

h
en

o
m

en
a are stu

d
ied

 in
 th

eir “m
essy

 

co
n
tex

ts,” o
u

tsid
e o

f ex
p
erim

en
tal lab

s (B
ro

w
n

, 1
9

9
2

) b
ecau

se an
y
 in

sig
h
ts g

ain
ed

 fro
m

 

in
v

estig
atio

n
s u

n
d

ertak
en

 in
 o

u
t-o

f-co
n

tex
t en

v
iro

n
m

en
ts h

av
e lim

ited
 ap

p
licab

ility
 in

 th
e 

classro
o

m
. 

5
. D

E
S

IG
N

 C
H

A
L

L
E

N
G

E
S

 A
N

D
 P

O
S

S
IB

L
E

 W
A

Y
S

 T
O

 A
P

P
R

O
A

C
H

 T
H

E
M

. 

W
e id

en
tify

 fo
u
r m

ain
 d

esig
n

 ch
allen

g
es th

at w
e co

n
fro

n
t in

 th
e d

ev
elo

p
m

en
t p

ro
cess o

f th
e 

p
ed

ag
o

g
ical co

n
v
ersatio

n
al ag

en
t in

 th
e m

ath
 g

am
e. T

h
e ch

allen
g
es in

 q
u

estio
n

 all arise fro
m

 th
e 

d
ecisio

n
 to

 d
ev

elo
p
 th

e o
rig

in
al ag

en
t in

to
 a m

o
re so

cial an
d

 p
erso

n
al k

in
d

 o
f ag

en
t –

 b
y
 m

ean
s 

o
f visu

a
l em

b
o
d

im
en

t an
d

 an
 exten

sio
n

 o
f its co

n
v
ersa

tio
n
a

l ca
p

a
cities. T

h
e ch

allen
g
es are 

th
erefo

re lik
ely

 to
 b

e faced
 b

y
 o

th
ers w

h
o

 aim
 to

 d
ev

elo
p

 th
e k

in
d

 o
f p

ed
ag

o
g
ical ag

en
t 

p
rev

io
u

sly
 categ

o
rized

 as a “v
irtu

al h
u

m
an

”: 

1
. T

h
e ch

a
llen

g
e o

f stu
d

en
t ex

p
ecta

tio
n

s o
n

 th
e p

ed
a

g
o
g

ica
l a

g
en

t’s k
n

o
w

led
g

e: h
o
w

 to
 

h
an

d
le stu

d
en

ts’ ex
p

ectatio
n

s o
n

 th
e k

n
o
w

led
g
e an

d
 kn

o
w

led
g

e p
ro

file o
f th

e p
ed

ag
o

g
ical 

ag
en

t. 

2
. T

h
e ch

a
llen

g
e o

f stu
d

en
t ex

p
ecta

tio
n

s o
n

 th
e p

ed
a

g
o
g

ica
l a

g
en

t’s so
cia

l a
b

ilities: h
o

w
 to

 

m
an

ag
e stu

d
en

ts’ ex
p
ectatio

n
s o

n
 th

e so
cia

l p
ro

file o
f th

e p
ed

ag
o

g
ical ag

en
t. 

3
. T

h
e ch

a
llen

g
es o

f stu
d

en
ts’ en

g
a

g
em

en
t in

 o
ff-ta

sk
 co

n
v
ersa

tio
n

: 

a) h
o
w

 to
 m

an
ag

e stu
d

en
ts’ p

o
ssib

le o
v

er-en
g
a
g
em

en
t in

 o
ff-task

 co
n

v
ersatio

n
 w

ith
 th

e 

p
ed

ag
o

g
ical ag

en
t, 

b
) h

o
w

 to
 m

an
ag

e stu
d

en
ts’ p

o
ssib

le u
n

d
er-en

g
ag

em
en

t in
 o

ff-task
 co

n
v

ersatio
n
 w

ith
 th

e 

p
ed

ag
o

g
ical ag

en
t. 

4
. T

h
e ch

a
llen

g
e o

f a
b

u
siv

e stu
d

en
t co

m
m

en
ts: h

o
w

 to
 m

an
ag

e th
e p

ed
ag

o
g

ical ag
en

t’s 

resp
o

n
ses to

 in
ap

p
ro

p
riate o

r ab
u

siv
e u

ser lan
g
u

ag
e an

d
 y

et m
ain

tain
 a co

n
v
ersatio

n
. 

It is im
p
o

rtan
t to

 clarify
 th

at “ex
p
ectatio

n
s” h

ere refer to
 th

e su
b

co
n

scio
u

s b
eliefs th

at lead
 

stu
d

en
t actio

n
s in

 in
teractin

g
 w

ith
 th

e ag
en

t as o
p
p

o
sed

 to
 ex

p
licitly

 fo
rm

u
lated

 o
r stated

 

“ex
p

ectatio
n

s”. 

5
.1

. T
h

e ch
a
llen

g
e o

f stu
d

en
t ex

p
ecta

tio
n

s o
n

 th
e p

ed
a

g
o
g

ica
l a

g
en

t’s k
n

o
w

led
g

e p
ro

file 

S
tu

d
en

ts n
eed

 to
 ex

p
erien

ce a p
ed

ag
o

g
ical ag

en
t as u

sefu
l fo

r in
fo

rm
atio

n
 p

u
rp

o
ses an

d
 fo

r th
eir 

learn
in

g
 task

 at h
an

d
 (V

eletsian
o

s, 2
0

1
0
). A

 co
rresp

o
n

d
in

g
 d

esig
n

 ch
allen

g
e is to

 create a 

p
ed

ag
o

g
ical ag

en
t th

at liv
es u

p
 to

 th
is. H

o
w

ev
er, th

is ch
allen

g
e ap

p
lies to

 all p
ed

ag
o

g
ical ag

en
ts, 

in
clu

d
in

g
 classical IT

S
 sy

stem
s. A

cco
rd

in
g
 to

 th
e E

n
A

L
I fram

ew
o

rk
, a p

ed
ag

o
g
ical ag

en
t sh

o
u

ld
 

b
e ab

le to
 p

ro
m

p
tly

 p
ro

v
id

e co
m

p
lete an

d
 sp

ecific in
fo

rm
atio

n
 th

at is ap
p

ro
p

riate to
 th

e stu
d

en
t’s 



1
5

 

 ab
ilities, ex

p
erien

ces an
d

 fram
e o

f referen
ce. A

g
ain

 th
e co

rresp
o
n

d
in

g
 d

esig
n
 ch

allen
g
e is n

o
t 

u
n
iq

u
e to

 p
resen

t d
ay

 co
n

v
ersatio

n
al ag

en
ts b

u
t ap

p
lies to

 classical tu
to

rin
g
 sy

stem
s to

o
. 

H
o

w
ev

er, w
h

en
 w

e in
tro

d
u

ce a p
ed

ag
o

g
ical ag

en
t w

h
o

se co
n

v
ersatio

n
 cap

acities ex
p
an

d
s fro

m
 

th
e ab

ility
 to

 en
g
ag

e in
 a lim

ited
, d

o
m

ain
-sp

ecific an
d
 task

-o
rien

ted
 co

n
v

ersatio
n

 to
 also

 b
ein

g
 

ab
le to

 en
g
ag

e in
 b

ro
ad

er, h
u

m
an

lik
e co

n
v

ersatio
n
, th

e ch
allen

g
e o

f creatin
g
 an

 a
p

p
ro

p
ria

te 

kn
o
w

led
g

e p
ro

file b
eco

m
es co

n
sid

erab
ly

 m
o

re co
m

p
lex

. 

A
s so

o
n

 as th
e p

ed
ag

o
g
ical ag

en
t ap

p
ears o

n
 th

e screen
, an

d
 th

ro
u

g
h
o

u
t th

e co
n
v

ersatio
n

, th
e 

stu
d

en
t w

ill d
ev

elo
p
 ex

p
ectatio

n
s reg

ard
in

g
 th

e a
g
en

t’s co
n

versa
tio

n
a
l a

b
ilities. C

an
 th

e ag
en

t 

d
iscu

ss strateg
ies o

f th
e m

ath
 g

am
e? C

an
 it tell w

h
eth

er it fin
d

s m
ath

em
atics a b

o
rin

g
 su

b
ject? 

C
an

 it d
iscu

ss m
u

sic? C
an

 it g
iv

e an
 an

sw
er to

 w
h

eth
er it h

as a b
est frien

d
 o

r n
o

t? 

In
 o

u
r ex

am
p
le sy

stem
 w

e n
eed

 to
 h

an
d
le stu

d
en

ts’ ex
p
ectatio

n
s o

f th
e ag

en
t’s co

n
v

ersatio
n

al 

cap
acity

 as p
ertain

in
g
 b

o
th

 to
 o

n
-d

o
m

a
in

 an
d

 o
ff-d

o
m

a
in

 co
n

ten
t. S

electin
g
 its p

articu
lar o

ff-task
 

k
n
o

w
led

g
e areas –

 w
h

at it sh
o

u
ld

 b
e cap

ab
le to

 talk
 ab

o
u
t an

d
 n

o
t w

ith
 th

e 1
2

-1
4

 y
ear o

ld
s in

 th
e 

targ
et g

ro
u
p

 –
 is a n

o
n

-triv
ial an

d
 ch

allen
g
in

g
 task

 in
 itself. Im

p
o

rtan
tly

, it is n
o

t en
tirely

 fo
r th

e 

R
&

D
 team

 (w
ith

 a m
ean

 ag
e o

f aro
u
n

d
 4

5
) to

 d
ecid

e. T
h

is g
o

es sp
ecifically

 fo
r o

ff-task
/o

ff-

d
o
m

ain
 areas, w

h
ere th

e m
ain

 p
u

rp
o
se is to

 in
crease stu

d
en

t en
g
ag

em
en

t w
ith

 th
e g

am
e an

d
 

sy
stem

 (an
d
 h

o
p

efu
lly

 h
av

e a sp
ill-o

v
er to

w
ard

s th
e m

ath
em

atical co
n
ten

t o
f th

e g
am

e, attitu
d

es 

to
 m

ath
, etc.) In

 o
rd

er to
 settle o

n
 w

h
ich

 d
o

m
ain

s th
e ag

en
t sh

o
u
ld

 k
n

o
w

 th
in

g
s ab

o
u

t an
d

 b
e 

in
terested

 in
, w

e co
llect in

fo
rm

atio
n
 fro

m
 th

e stu
d

en
t targ

et g
ro

u
p

 in
 an

 iterativ
e d

esig
n

-red
esig

n
 

p
ro

cess. In
 co

n
crete term

s, fo
cu

s g
ro

u
p
 in

terv
iew

s p
ro

v
id

e th
e in

p
u
t fo

r a W
izard

-o
f-o

z ro
le-p

la
y
 

(w
h

ere tw
o

 stu
d

en
ts are en

g
ag

ed
 in

 a co
m

p
u

ter m
ed

iated
, tex

t b
ased

 ch
at –

 o
n

e o
f th

em
 tak

in
g
 

th
e ro

le o
f th

e p
ed

ag
o

g
ical ag

en
t). T

h
e co

llected
 d

ata in
 iteratio

n
s is su

b
ject to

 a d
ialo

g
u

e co
rp

u
s 

an
aly

sis, to
 p

ro
v

id
e in

p
u

t fo
r th

e iterativ
e p

ro
to

ty
p

in
g
 o

f o
u

r co
n
v

ersatio
n
al sy

stem
. T

h
e d

ialo
g
u

e 

lo
g
s are th

en
 an

aly
zed

 to
g
eth

er w
ith

 th
e m

aterial fro
m

 su
rv

e
y
s an

d
 o

th
er fo

cu
s g

ro
u

p
 in

terv
iew

s. 

O
u
r first ro

u
n

d
 o

f iterativ
e stu

d
ies an

d
 d

ev
elo

p
m

en
t w

as co
m

p
leted

 as fo
llo

w
s: F

o
r th

e fo
cu

s 

g
ro

u
p

 sessio
n
s, tw

en
ty

 1
3
-1

4
 y

ear-o
ld

 stu
d
en

ts p
lay

ed
 th

e g
am

e fo
r 3

0
 m

in
u

tes. In
 th

ese 

sessio
n
s, th

e ag
en

t w
as p

resen
t an

d
 p

o
sed

 o
n
-task

 q
u

estio
n
s. T

h
e stu

d
en

ts w
ere th

ereafter sp
lit 

in
to

 fo
u

r fo
cu

s g
ro

u
p
s th

at d
iscu

ssed
 th

e ag
en

t’s p
erso

n
ality

 an
d

 in
terests, th

e ag
en

t’s v
isu

al 

ap
p
earan

ce an
d

 an
y
 ad

d
itio

n
al in

fo
rm

atio
n
 th

at th
ey

 w
an

ted
 to

 p
ro

v
id

e ab
o

u
t th

e ag
en

t.  

R
eg

ard
in

g
 th

e latter w
e fo

u
n

d
 it in

terestin
g
 to

 co
m

p
are th

e o
u

tco
m

e w
ith

 th
e to

p
ics th

at th
e 

R
&

D
 g

ro
u

p
 h

ad
 su

g
g
ested

 b
efo

reh
an

d
 as p

ro
b

ab
le d

esired
 to

p
ics fo

r o
ff-task

 co
n
v

ersatio
n

. T
h
e 

stu
d

en
ts d

iscu
ssed

 so
m

e o
f th

ese to
p

ics (fo
r ex

am
p

le, o
ff-task

 co
n

v
ersatio

n
s ab

o
u

t frien
d

s an
d

 

sch
o

o
l). O

th
er to

p
ics h

o
w

ev
er w

ere n
o

t d
iscu

ssed
 (su

ch
 as film

 an
d

 trav
elin

g
). In

 ad
d

itio
n

, 

stu
d

en
ts co

n
sisten

tly
 p

ro
p
o

sed
 to

p
ics th

at th
e R

&
D

 g
ro

u
p
 h

ad
 n

o
t p

rev
io

u
sly

 co
n
sid

ered
, e.g

. 

sp
o
rts, m

u
sic, an

d
 co

m
p
u

ter g
am

es. 

O
n
 th

e b
asis o

f th
e m

aterial fro
m

 th
e fo

cu
s g

ro
u
p

s, w
e d

ev
elo

p
ed

 a sk
etch

 o
f th

e ag
en

t's 

p
erso

n
a as a b

asis fo
r a ro

le-p
lay

 activ
ity

, in
 w

h
ich

 stu
d

en
ts sim

u
lated

 o
ff-task

 co
n

v
ersatio

n
s in

 

th
e g

am
e (W

izard
-o

f-O
z stu

d
y
). A

g
en

t p
la

y
ers w

ere ask
ed

 to
 act in

 acco
rd

an
ce w

ith
 th

e p
erso

n
a, 

an
d
 if d

ialo
g
u

e to
p

ics o
ccu

rred
 o

u
tsid

e o
f th

e p
erso

n
a’s k

n
o
w

led
g
e sco

p
e, th

ey
 w

ere ask
ed

 to
 

im
p

ro
v
ise. T

h
e resu

ltin
g
 1

2
 d

ialo
g
u

es w
ere an

aly
z
ed

, an
d

 ag
ain

 n
o

v
el to

p
ics em

erg
ed

. T
h

ereafter 

1
6

 

 a sy
stem

 p
ro

to
ty

p
e w

as d
ev

elo
p

ed
 th

at w
as tested

 b
y
 an

o
th

er 3
8

 rep
resen

tativ
es fro

m
 th

e targ
et 

g
ro

u
p

. A
fter a sh

o
rt in

tro
d

u
ctio

n
 to

 th
e sy

stem
 th

e stu
d
en

ts p
lay

ed
 th

e g
am

e fo
r 1

0
 m

in
u

tes, 

ch
atted

 w
ith

 th
e ag

en
t fo

r 5
 m

in
u

tes, p
la

y
ed

 th
e g

a
m

e fo
r an

o
th

er 5
 m

in
u
tes, an

d
 ch

atted
 w

ith
 th

e 

ag
en

t fo
r 5

 ad
d

itio
n

al m
in

u
tes. T

h
is w

as rep
eated

 w
ith

 a rev
ised

 p
ro

to
ty

p
e w

ith
 th

e sam
e g

ro
u

p
 

o
f stu

d
en

ts
4. T

h
ese tw

o
 c

y
cles o

f iteratio
n
 led

 to
 a refin

em
en

t an
d

 ex
ten

sio
n
 o

f th
e o

ff-task
 

co
n
v

ersatio
n
al m

o
d

u
le. In

 su
m

, th
e u

ser stu
d
ies d

escrib
ed

 allo
w

ed
 u

s to
 ex

p
an

d
, rev

ise, an
d
 

refin
e th

e o
ff-task

/o
ff-d

o
m

ain
 to

p
ics th

at w
e, as research

ers an
d

 d
esig

n
ers, h

ad
 d

ev
ised

. T
h

e 

targ
et g

ro
u
p

, actin
g
 as d

esig
n

ers, h
elp

ed
 refin

e th
e to

p
ics, lan

g
u

ag
e, an

d
 co

n
ten

t u
sed

.  

F
o

r th
e o

ff-task
/o

n
-d

o
m

ain
 to

p
ics th

e situ
atio

n
 is so

m
ew

h
at d

ifferen
t. W

e h
av

e p
ed

ag
o

g
ical 

m
o

tiv
es fo

r in
co

rp
o

ratin
g

 co
n
v

ersatio
n

al to
p

ics th
at relate to

 th
e d

o
m

ain
 o

f m
ath

em
atics: 

attitu
d
es to

w
ard

s m
ath

, m
ath

 self-efficac
y
, etc. H

o
w

ev
er, th

e co
n

v
ersatio

n
al arch

itectu
re m

u
st b

e 

d
esig

n
ed

 so
 th

at co
n
v

ersatio
n

s o
n
 th

ese to
p

ics are n
o

t p
erceiv

ed
 as strain

ed
 in

 th
e co

n
v
ersatio

n
s 

as a w
h

o
le. P

art o
f o

u
r ap

p
ro

ach
 to

 d
eal w

ith
 th

is co
m

es fro
m

 o
u
r v

iew
 o

n
 o

n
-task

 co
n

v
ersatio

n
 

an
d
 o

ff-task
 co

n
v
ersatio

n
 as an

 in
terrela

ted
 w

h
o
le. T

h
e in

terco
n

n
ectin

g
 facto

r is rep
resen

ted
 b

y
 

th
e a

g
en

t, w
h

ich
 in

teg
rates selected

 o
n

-d
o
m

ain
 k

n
o

w
led

g
e w

ith
 (lim

ited
) o

ff-d
o

m
ain

 k
n

o
w

led
g
e 

(e.g
. th

e ag
en

t is a 1
1
-y

ear o
ld

 stu
d

en
t th

at g
o

es to
 sch

o
o

l an
d
 is learn

in
g
 to

 p
lay

 th
e m

ath
 g

am
e, 

b
u
t also

 h
as in

terests lik
e m

u
sic an

d
 sp

o
rts th

at it p
u
rsu

es in
 its sp

are tim
e). E

v
en

 w
h

en
 th

e free 

co
n
v

ersatio
n
 is p

rim
arily

 o
rien

ted
 to

w
ard

s o
ff-task

/o
ff-d

o
m

ain
 to

p
ics, th

e ag
en

t can
 also

 

co
m

m
en

t o
n

 th
e g

a
m

e p
la

y (i.e. o
n

-task
/o

n
-d

o
m

ain
 to

p
ics), as w

ell as b
rin

g
 in

 o
ff-task

/o
n

-

d
o
m

ain
 to

p
ics related

 to
 sch

o
o
l, m

ath
, th

e m
ath

 g
am

e, etc.  

A
n
o

th
er ap

p
ro

ach
 is th

e d
ed

icated
 u

se o
f an

ecd
o

tes an
d
 n

arrativ
e sto

ry
tellin

g
. A

s ev
id

en
ced

 b
y
 

th
e w

o
rk

 o
f B

ick
m

o
re an

d
 C

assell (1
9
9

9
; 2

0
0
0

), an
ecd

o
tes an

d
 sm

all-talk
 h

av
e a so

cial an
d

 tru
st-

b
u
ild

in
g
 fu

n
ctio

n
 ev

en
 w

h
en

 th
e in

terlo
cu

to
r is a v

irtu
al ch

aracter. A
t th

e sam
e tim

e, th
e co

n
ten

t 

o
f sm

all talk
 can

 b
e d

esig
n

ed
 to

 co
n

v
e
y
 so

m
eth

in
g

 releva
n
t a

b
o

u
t th

e su
b

je
ct d

o
m

a
in

. F
o

r o
u

r 

ag
en

t w
e p

lan
 to

 in
clu

d
e an

ecd
o

tal m
aterial relatin

g
 to

 sch
o

o
l an

d
 m

ath
em

atics (e.g
., th

e ag
en

t 

tellin
g
 a sto

ry
 ab

o
u

t “m
y
 frien

d
, w

h
o

 tu
rn

ed
 th

e m
ath

 b
o

o
k
 u

p
sid

e d
o

w
n

 an
d
 fo

u
n

d
 th

e 

h
o
m

ew
o

rk
 to

 b
e v

ery
 d

ifficu
lt”; o

r ab
o

u
t “th

e o
th

er d
a
y
 in

 sch
o

o
l w

h
en

 w
e h

ad
 m

ath
 an

d
 th

e 

teach
er w

as ex
p

lain
in

g
 o

n
 th

e w
h
iteb

o
ard

 b
u
t m

ad
e a m

istak
e an

d
 co

u
ld

 n
o

t g
et th

e rig
h
t an

sw
er, 

b
u
t I saw

 th
e m

istak
e an

d
 co

u
ld

 sh
o

w
 h

im
”). 

P
ick

in
g
 u

p
 an

o
th

er th
read

 o
n

 o
b
tain

in
g
 a b

alan
ced

 k
n

o
w

led
g
e p

ro
file fo

r th
e ag

en
t, an

d
 

m
atch

in
g
 th

is to
 stu

d
en

ts’ ex
p

ectatio
n

s, th
ere is an

 in
h
eren

t p
ro

b
lem

 in
 a V

irtu
al H

u
m

an
 ag

en
t o

f 

th
e k

in
d
 w

e are d
esig

n
in

g
. B

y
 n

ecessity
 th

ere w
ill b

e a larg
e n

u
m

b
er o

f h
u

m
an

 cu
ltu

ral d
o

m
ain

s 

th
at h

u
m

an
s k

n
o
w

 at least so
m

eth
in

g
 ab

o
u

t –
 b

u
t th

at th
e ag

en
t w

ill k
n

o
w

 n
o

th
in

g
 ab

o
u

t, 

esp
ecially

 co
n

tem
p

o
rary

 n
ew

s. T
h
e ch

allen
g
e is to

 sh
ap

e an
 ag

en
t an

d
 fram

in
g
 it so

 as to
 

m
in

im
ize th

e frictio
n

 b
etw

een
 “p

retty
 g

o
o
d

 k
n

o
w

led
g
e o

n
 so

m
e cu

ltu
ral d

o
m

ain
s” (fo

r in
stan

ce 

T
V

-sh
o

w
s, co

m
p

u
ter g

am
es, b

ein
g
 frien

d
s, sp

o
rts, etc.) an

d
 “v

ery
 lim

ited
 o

r n
o
 k

n
o

w
led

g
e o

n
 

o
th

ers” (fo
r in

stan
ce co

o
k
in

g
, d

an
cin

g
, p

la
y
in

g
 ch

ess). P
art o

f su
ch

 fram
in

g
 can

 b
e o

b
tain

ed
 b

y
 

an
 ap

p
ro

p
riate v

isu
al em

b
o

d
im

en
t. U

sin
g
 an

 em
b

o
d

im
en

t th
at is d

ev
o

id
 o

f n
atu

ralism
 serv

es to
 

                                                 
4 F

o
r b

o
th

 p
ro

to
ty

p
es tw

o
 q

u
estio

n
n

aires w
ere filled

 in
 b

y
 th

e stu
d

en
ts, o

n
e reg

ard
in

g
 th

e ex
p

erien
c
e o

f u
sin

g
 th

e learn
in

g
 

en
v
iro

n
m

en
t an

d
 o

n
e reg

ard
in

g
 th

e ex
p

erien
ced

 p
erso

n
ality

 o
f th

e ag
en

t.  



1
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 d
o
w

n
p

lay
 ex

p
ectatio

n
s o

n
 th

e ag
en

t to
 b

e an
d
 co

n
v

erse like a h
u

m
an

 b
ein

g
. A

p
p
ro

p
riate d

ialo
g
u

e 

strateg
ies are an

o
th

er im
p

o
rtan

t m
ean

s fo
r ad

d
ressin

g
 th

is ch
allen

g
e. O

n
e n

eed
s to

 h
an

d
le 

d
ifferen

t classes o
f th

e cases w
h

ere th
e ag

en
t w

ill n
o

t u
n

d
erstan

d
 th

e stu
d

en
t’s in

p
u
t. T

h
at is, 

b
u
ild

 a d
ialo

g
u

e arch
itectu

re th
at can

 u
se v

aried
 an

d
 ap

p
ro

p
riate resp

o
n

ses in
 th

ese cases: ask
in

g
 

fo
r clarificatio

n
, in

d
icate m

isu
n
d

erstan
d
in

g
, m

o
v

e o
n
 w

ith
 th

e co
n

v
ersatio

n
, etc. (A

rtstein
 et al., 

2
0
0

9
; T

rau
m

, S
w

arto
u

t, G
ratch

, &
 M

arsella, 2
0
0

8
). 

T
h

ere is y
et an

o
th

er su
b

-ch
allen

g
e th

at relates to
 th

e id
ea o

f co
m

b
in

in
g
 o

n
-task

 co
n

v
ersatio

n
, 

strictly
 targ

eted
 at a task

, an
d

 o
ff-task

 co
n
v

ersatio
n

 o
f a b

ro
ad

er an
d

 so
cially

 o
rien

ted
 k

in
d

: If a 

stu
d

en
t fin

d
s th

e so
cia

l co
n

versa
tio

n
 w

ith
 an

 ag
en

t o
n

 “all k
in

d
s o

f su
b
ject” satisfy

in
g
 an

d
 

en
g
ag

in
g
, a failu

re o
f th

e sam
e ag

en
t to

 b
e o

f m
u

ch
 u

se to
 h

elp
 so

lv
e a g

iv
en

 task
 m

ay
 cau

se 

ev
en

 m
o

re d
isap

p
o

in
tm

en
t th

an
 if th

e ag
en

t also
 w

as n
o

n
-satisfy

in
g
 as so

cial co
n

v
ersatio

n
al 

p
artn

er.  

F
in

ally
, o

n
e m

a
y
 o

b
serv

e th
at th

e ch
allen

g
es o

f co
n

stru
ctin

g
 an

 ad
eq

u
ate k

n
o
w

led
g
e p

ro
file 

g
et a p

articu
lar tw

ist w
h
en

 th
e p

ed
ag

o
g
ical ag

en
t is a tea

ch
a

b
le ag

en
t (T

A
). A

 T
A

 is u
n

u
su

ally
 

straig
h

tfo
rw

ard
 as to

 w
h

at it ap
p
ears to

 k
n

o
w

 ab
o
u

t its assig
n

ed
 su

b
ject. It is th

e stu
d

en
t’s task

 to
 

train
 it an

d
 th

e ag
en

t w
ill q

u
ite ex

p
licitly

 co
n

v
ey

 n
o

t kn
o

w
in

g
 a

n
yth

in
g
 a

t a
ll ab

o
u
t th

e learn
in

g
 

d
o
m

ain
 fro

m
 th

e start. A
 T

A
 is n

o
t an

 ex
p
ert, n

o
r d

o
es it b

elo
n

g
 to

 an
y
 o

th
er k

in
d
 o

f au
th

o
ritativ

e 

p
ed

ag
o

g
ical ag

en
ts (H

aak
e &

 G
u

lz, 2
0

0
9

), an
d

 th
u

s th
ere is n

o
 risk

 fo
r stu

d
en

t d
isap

p
o
in

tm
en

t 

b
ecau

se it “k
n

o
w

s to
o

 little” o
n
 th

e task
 as su

ch
. B

u
t w

h
en

 –
 lik

e in
 o

u
r p

ro
ject –

 th
e T

A
 is can

 

en
g
ag

e in
 task

-o
rien

ted
 co

n
v
ersatio

n
s an

d
 so

cially
-o

rien
ted

 in
teractio

n
s, th

ere m
a
y
 b

e a clash
 

b
etw

een
 stu

d
en

t ex
p
ectatio

n
s o

n
 th

e p
ed

ag
o

g
ical ag

en
t’s k

n
o

w
led

g
e as to

 th
e m

ath
 g

am
e (n

o
t 

k
n
o

w
in

g
 m

u
ch

 at all) an
d

 its k
n
o

w
led

g
e o

f g
en

eral, “so
cial” su

b
jects.  

T
h

e p
resen

t sectio
n

 h
as, d

ealt w
ith

 stu
d
en

t ex
p

ectatio
n
s o

n
 w

h
a

t th
e ag

en
t can

/w
ill talk

 to
 th

e 

stu
d

en
t ab

o
u
t. W

e h
av

e d
iscu

ssed
 o

u
r ap

p
ro

ach
 o

f iterativ
ely

 co
llectin

g
 d

ata relatin
g
 to

 o
u

r targ
et 

p
o
p

u
latio

n
, an

d
 in

 th
e n

ex
t sectio

n
 w

e d
iscu

ss stu
d

en
t ex

p
ectatio

n
s o

n
 h

o
w

 th
e ag

en
t can

/w
ill talk

 

to
 th

e stu
d

en
t. 

5
.2

. T
h

e ch
a
llen

g
e o

f stu
d

en
t ex

p
ecta

tio
n

s o
n

 th
e p

ed
a

g
o
g

ica
l a

g
en

t’s so
cia

l p
ro

file 

F
ro

m
 th

e v
ery

 first tim
e a stu

d
en

t en
ters th

e learn
in

g
 en

v
iro

n
m

en
t, sh

e w
ill h

av
e ex

p
ectatio

n
s as 

to
 w

h
at k

in
d

 o
f ch

aracter th
e p

ed
ag

o
g
ical ag

en
t w

ill b
e. In

 co
m

p
ariso

n
 to

 th
e ag

en
t’s k

n
o

w
led

g
e 

p
ro

file, w
e refer to

 th
e ag

en
t’s so

cia
l p

ro
file as th

e m
an

n
er in

 w
h

ich
 its k

n
o

w
led

g
e is b

ein
g
 

co
m

m
u

n
icated

. N
o

t o
n

ly
 d

o
es a stu

d
en

t h
av

e ex
p

ectatio
n

s o
n

 w
h

a
t th

e ag
en

t can
 talk

 ab
o

u
t to

 h
er 

b
u
t also

 o
n
 h

o
w

 it can
 an

d
 w

ill talk
 to

 h
er. T

h
ese ex

p
ectatio

n
s are fu

rth
erm

o
re lin

k
ed

 to
 h

o
w

 th
e 

stu
d

en
t p

erceiv
es th

e ag
en

t’s g
en

eral p
erso

n
al featu

res, fo
r ex

am
p

le in
 term

s o
f b

ein
g
 a k

in
d

 o
r a 

m
ean

 ch
aracter, ex

tro
v

ert o
r in

tro
v

ert, h
u

m
o

ro
u
s o

r serio
u

s, h
ap

p
y
 o

r sad
, etc. In

 ad
d

itio
n

, fo
r 

an
y
 in

teractio
n

, h
u

m
an

s seem
 to

 ex
p

ect so
m

e d
eg

ree o
f co

n
sisten

cy w
ith

 resp
ect to

 su
ch

 

ch
aracteristics. T

h
ey

 w
ill n

o
t ex

p
ect –

 an
d

 n
o

t ap
p
reciate –

 ch
an

g
es in

 a p
ed

ag
o

g
ical ag

en
t’s 

ex
h

ib
ited

 attitu
d

es o
r m

o
o

d
s th

at are ran
d

o
m

 an
d

 in
co

n
sisten

t (Isb
ister &

 N
ass, 2

0
0

0
). 

N
o
w

, w
h

at k
in

d
 o

f so
cial p

ro
file o

f a p
ed

ag
o

g
ical ag

en
t w

ill b
e ap

p
ro

p
riate fo

r a g
iv

en
 settin

g
 

can
 b

e h
ard

 to
 p

red
ict b

efo
reh

an
d
. N

ev
erth

eless it is an
 im

p
o
rtan

t ch
allen

g
e to

 ad
d
ress, sin

ce a 

1
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 g
o
o

d
 m

atch
 b

etw
een

 stu
d

en
t ex

p
ectatio

n
s o

f an
 ag

en
t’s so

cial p
ro

file is lik
ely

 to
 en

h
an

ce th
e 

p
ed

ag
o

g
ical o

b
jectiv

e o
f m

ak
in

g
 th

e co
n

v
ersatio

n
 en

g
ag

in
g
, en

co
u

rag
in

g
 an

d
 m

o
tiv

atin
g
. 

A
lread

y
 in

 th
e b

eg
in

n
in

g
 o

f th
e d

esig
n
 p

ro
cess w

ith
 o

u
r p

resen
t sy

stem
, w

e h
av

e an
 illu

strativ
e 

ex
am

p
le o

f h
o

w
 th

e E
n
A

L
I fram

ew
o

rk
 can

 b
e fru

itfu
lly

 co
m

b
in

ed
 w

ith
 a d

esig
n

-b
ased

 research
 

strateg
y
 fo

r co
n
tex

tu
alizin

g
, an

d
 ex

em
p

lify
in

g
, so

m
e o

f th
e E

n
A

L
I g

u
id

elin
es. In

 th
e case to

 b
e 

p
resen

ted
 w

e started
 o

u
t fro

m
 th

e “A
g
en

t C
h
aracteristics” g

u
id

elin
es (see T

ab
le 1

) th
at su

g
g
est 

th
at th

e ag
en

t sh
o
u

ld
 b

e cred
ib

le an
d

 tru
stw

o
rth

y
, estab

lish
 a ro

le to
 th

e u
ser an

d
 b

e p
o

lite an
d

 

p
o
sitiv

e. In
sp

ired
 b

y
 W

a
n

g
 et al. (2

0
0

8
), w

h
o

 arg
u
e sp

ecifically
 fo

r th
e so

-called
 “p

o
liten

ess 

effect”, o
u

r fo
cu

s fo
r th

is ex
am

p
le is o

n
 th

e p
o
liten

ess asp
ect. T

h
e d

esig
n

 p
ro

cess in
 q

u
estio

n
 can

 

b
e d

escrib
ed

 as fo
llo

w
s: (1

) m
ak

in
g
 a raw

 sk
etch

 o
f th

e ag
en

t ch
aracter, (2

) u
sin

g
 th

is sk
etch

 as a 

b
asis fo

r p
relim

in
ary

 d
esig

n
 d

ecisio
n

s b
y
 th

e research
 team

, (3
) refin

in
g
 th

e d
esig

n
 d

ecisio
n
s b

y
 

ru
n
n

in
g
 fo

cu
s g

ro
u

p
 in

terv
iew

s w
ith

 actu
al stu

d
en

ts an
d
 (4

) d
iscu

ssin
g
 d

esig
n

 im
p
licatio

n
s o

f th
e 

o
u
tco

m
e b

ased
 o

n
 th

e fo
cu

s g
ro

u
p

 resu
lts: 

- 
S

tep
 1

: S
tartin

g
 fro

m
 th

e E
n

A
L

I g
u

id
elin

es, w
e m

ad
e a raw

 sk
etch

 o
f an

 ”A
g
en

t ch
aracter”. A

 

v
ery

 first set o
f p

relim
in

ary
 d

esig
n

 d
ecisio

n
s w

ere tak
en

, d
irected

 b
y
 o

u
r k

n
o
w

led
g
e an

d
 

ex
p

erien
ce fro

m
 o

th
er p

ed
ag

o
g
ical ag

en
t sy

stem
s as w

ell as fro
m

 o
u

r ex
p
erien

ce as teach
ers 

an
d

 co
n

sid
eratio

n
s ab

o
u

t th
e tech

n
ical feasib

ility
. N

o
tab

ly
, w

e co
n

ceiv
ed

 o
f th

e p
ed

ag
o

g
ical 

ag
en

t as b
ein

g
 “o

v
erall p

o
sitiv

e, n
ice an

d
 p

o
lite” in

 its co
n
v

ersatio
n
, in

 lin
e w

ith
 p

rev
io

u
s 

su
g
g
estio

n
s. 

- 
S

tep
 2

: T
h
e first sk

etch
 b

ecam
e su

b
ject o

f m
u

ch
 d

iscu
ssio

n
, w

h
ich

 h
ig

h
lig

h
ted

 th
e co

m
p
lex

ity
 

o
f th

e stu
d
en

t-ag
en

t relatio
n
sh

ip
 in

 relatio
n
 to

 o
u
r v

ario
u

s research
 g

o
als. W

e are in
terested

 in
 

th
e p

ed
ag

o
g
ical ag

en
t’s p

o
ten

tial to
 in

flu
en

ce stu
d

en
ts’ attitu

d
es to

w
ard

s m
ath

, w
ith

 resp
ect to

 

m
ath

 self-efficacy
 as w

ell as to
 th

e g
en

eral attitu
d
e to

w
ard

s m
ath

 as a sch
o

o
l su

b
ject. A

t th
e 

sam
e tim

e, th
ese are facto

rs w
e w

an
t to

 b
e ab

le to
 m

an
ip

u
late in

 o
rd

er to
 m

ak
e em

p
irically

-

b
ased

 d
ecisio

n
s, fo

r ex
am

p
le co

m
p

arin
g
 an

 ag
en

t w
h

ich
 ex

h
ib

its lo
w

 m
ath

 self-efficacy
 to

 o
n

e 

w
ith

 h
ig

h
 m

ath
 self-efficac

y
. R

esu
lts fro

m
 p

rev
io

u
s stu

d
ies p

ro
v

ed
 to

o
 am

b
ig

u
o
u

s to
 serv

e as 

an
 em

p
irical b

asis fo
r an

y
 o

ff-h
an

d
 an

d
 d

efin
ite d

esig
n

 d
ecisio

n
s in

 th
ese resp

ects, w
h

ich
 is 

w
h

y
 w

e tu
rn

ed
 to

 o
u

r fo
cu

s g
ro

u
p
s o

f actu
al stu

d
en

ts fo
r b

etter an
sw

ers. 

- 
S

tep
 3

: W
e co

n
d

u
cted

 fo
cu

s g
ro

u
p

 in
terv

iew
s w

ith
 fo

u
r g

ro
u

p
s o

f 4
-5

 teen
ag

ers each
 (1

3
-1

4
 

y
ears o

ld
), w

h
o

 h
ad

 th
e o

p
p

o
rtu

n
ity

 to
 try

 o
u

t th
e m

ath
 g

am
e, lo

o
k
 at ag

en
t im

ag
es (F

ig
u

re 4
) 

an
d

 listen
 to

 m
aterial ab

o
u
t th

e g
am

e. In
 th

ese d
iscu

ssio
n

s th
e stu

d
en

ts rein
fo

rced
 so

m
e o

f o
u

r 

p
relim

in
ary

 d
esig

n
 d

ecisio
n

s reg
ard

in
g
 th

e ag
en

t’s p
erso

n
al q

u
alities, su

ch
 th

at it sh
o

u
ld

 b
e 

frien
d

ly
, cu

rio
u

s, eag
er to

 learn
, an

d
 lik

e sch
o

o
l. H

o
w

ev
er, stu

d
en

ts in
sisted

 th
at th

e ag
en

t 

sh
o

u
ld

 n
o

t b
e to

o
 p

o
lite, b

u
t ex

p
ress so

m
e “attitu

d
e”. In

terestin
g
ly

, it co
u
ld

 b
e in

ferred
 fro

m
 

th
e in

terv
iew

s th
at a “to

o
 so

ft, n
ice an

d
 p

o
lite” ch

aracter seem
ed

 to
 elicit sk

ep
ticism

 am
o

n
g
 th

e 

stu
d

en
ts, ren

d
erin

g
 th

e ag
en

t u
n
tru

stw
o

rth
y
 (fo

r th
e ag

e g
ro

u
p
 in

 q
u

estio
n

). T
h

is is an
 ex

am
p

le 

o
f h

o
w

 a p
articu

lar u
ser g

ro
u

p
 m

ay
 g

iv
e in

p
u
t th

at d
iv

erg
es fro

m
 g

en
eral d

esig
n
 g

u
id

elin
es 

(E
n

A
L

I, 2
0
0

9
; W

an
g
, 2

0
0
8

) w
h
ich

 th
u

s h
ig

h
lig

h
ts th

e im
p

o
rtan

ce o
f in

v
o

lv
in

g
 targ

et u
ser 

g
ro

u
p
s in

 d
esig

n
. 
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 - 
 S

tep
 4

: W
e tu

rn
ed

 to
 p

o
ssib

le in
terp

retatio
n
s, an

d
 d

esig
n

 im
p

licatio
n

s, o
f th

e resu
lt reg

ard
in

g
 

th
e ag

en
t b

ein
g
 “p

o
lite” v

ersu
s “h

av
in

g
 so

m
e attitu

d
e”. O

n
e in

terp
retatio

n
 is th

at th
e 

p
referen

ce fo
r a so

m
ew

h
at “p

lu
ck

y
” ag

en
t w

ith
 a b

it o
f an

 attitu
d

e sim
p

ly
 is an

 ex
p

ressio
n
 o

f 

stu
d

en
ts w

an
tin

g
 to

 h
av

e fu
n

. O
n
 th

e o
n

e h
an

d
 th

is co
u

ld
 b

e a p
o
sitiv

e d
esig

n
 featu

re b
ecau

se 

it m
a
y
 in

tro
d

u
ce so

m
e p

lay
fu

l co
n

flict b
etw

een
 ag

en
ts an

d
 stu

d
en

ts. B
u
t, o

n
 th

e o
th

er h
an

d
, an

 

ag
en

t h
av

in
g
 an

 attitu
d

e co
u
ld

 b
e q

u
ick

ly
 m

ark
ed

 as co
n
fro

n
tatio

n
al an

d
 co

n
v

ersatio
n
s co

u
ld

 

q
u

ick
ly

 escalate to
 ab

u
se (cf. V

eletsian
o

s, S
ch

arb
er, &

 D
o

erin
g
, 2

0
0

8
). A

n
o

th
er in

terp
retatio

n
 

is th
at b

y
 statin

g
 th

in
g
s lik

e “S
h

e/h
e sh

o
u
ld

 b
e p

o
sitiv

e, y
es, b

u
t n

o
t o

v
er-p

o
sitiv

e, sh
e/h

e 

sh
o

u
ld

 h
av

e so
m

e attitu
d

e” o
r “S

h
e/h

e sh
o

u
ld

 b
e n

ice b
u

t also
 h

av
e so

m
e attitu

d
e”, th

e 

stu
d

en
ts are search

in
g
 fo

r an
 ag

en
t th

at d
o

es n
o

t retu
rn

 scrip
ted

, ro
b
o

t-lik
e resp

o
n
ses. T

h
e 

ag
en

t sh
o
u

ld
 n

o
t rep

ly
 o

r react in
 th

e sam
e w

ay
 w

h
en

ev
er th

e stu
d

en
t ty

p
es th

e sam
e co

m
m

en
t.  

T
h

is d
o
es n

o
t p

rev
en

t th
e ag

en
t fro

m
 ex

h
ib

itin
g
 an

 o
v
erall p

o
sitiv

e attitu
d

e, b
u

t its b
eh

av
io

r as 

w
ell as its m

o
o
d

 sh
o

u
ld

 v
ary

. In
 th

e so
cial co

n
v

ersatio
n
s, th

e ag
en

t can
 v

ary
 its u

tteran
ces. In

 

sh
o

rt, g
iv

en
 th

at th
ere are m

u
ltip

le in
terp

retatio
n

s o
f th

e resu
lt w

e see a n
eed

 to
 co

n
tin

u
e 

ex
p

lo
ratio

n
 o

f th
is to

p
ic w

ith
 in

p
u

t fro
m

 th
e targ

e
t g

ro
u
p

. In
 p

articu
lar w

e n
eed

 to
 cap

tu
re in

 

m
o

re d
etail w

h
at “ex

p
ressin

g
 so

m
e attitu

d
e” m

ean
s fo

r th
e targ

et g
ro

u
p
, an

d
 to

 w
h
at ex

ten
t it 

relates to
 u

n
p

red
ictab

ility
, in

terestin
g
 p

erso
n

ality
, sarcasm

, h
u

m
o

r, an
d

 so
 o

n
.  

In
 co

n
clu

sio
n

, o
u

r co
n
sid

eratio
n

s ab
o

u
t th

e p
ed

ag
o

g
ical ag

en
t’s so

cial ab
ilities illu

strate th
at a 

su
ccessfu

l d
esig

n
 d

ep
en

d
s a lo

t o
n
 in

fo
rm

ativ
e in

p
u

t fro
m

 actu
al stu

d
en

ts o
n
 w

h
ich

 to
 m

ak
e 

fu
rth

er iteratio
n
s an

d
 im

p
lem

en
tatio

n
s o

f th
e sy

stem
. T

h
is is also

 w
h

at co
n

tem
p
o

rary
 d

esig
n

-

b
ased

 ap
p
ro

ach
es to

 ed
u

catio
n

al tech
n
o

lo
g
y
 en

h
an

cem
en

ts su
g

g
est. 

5
.3

 T
h

e ch
a

llen
g

es o
f o

ff-ta
sk

 en
g
a

g
em

en
t 

A
 th

ird
 ch

allen
g
e relates to

 stu
d

en
ts’ lev

el o
f en

g
ag

em
en

t in
 o

ff-ta
sk co

n
versa

tio
n

 w
ith

 

co
n
v

ersatio
n
al p

ed
ag

o
g
ical ag

en
ts. T

h
ere are actu

ally
 tw

o
 su

b
-ch

allen
g
es th

at are th
e o

p
p

o
sites 

o
f o

n
e an

o
th

er. O
n

 th
e o

n
e h

an
d

: an
 o

ff-task
 co

n
v

ersatio
n

 can
 b

eco
m

e so
 en

g
a
g

in
g

 th
at th

e 

stu
d

en
t co

m
p

letely
 d

ev
iates fro

m
 th

e learn
in

g
 task

. O
n

 th
e o

th
er h

an
d

: a stu
d

en
t can

 fin
d
 o

ff-task
 

co
n
v

ersatio
n
 co

m
p

letely
 u

n
in

terestin
g
 an

d
 th

erefo
re n

o
t (w

an
t to

) en
g
ag

e in
 it at all.  

5
.3

.1
 T

h
e a

p
p
ea

l o
f o

ff-ta
sk co

n
versa

tio
n

 

T
h

ere are ex
am

p
les o

f stu
d

en
ts b

eco
m

in
g
 so

 stro
n

g
ly

 im
m

ersed
 in

 co
n

v
ersatio

n
 w

ith
 a 

p
ed

ag
o

g
ical ag

en
t th

at th
ey

 fo
reg

o
 th

e learn
in

g
 task

, as d
em

o
n
strated

 b
y
 V

eletsian
o

s an
d
 M

iller 

(2
0
0

8
). T

h
is ap

p
ears as a p

o
ssib

le d
raw

b
ack

 o
f d

ep
lo

y
in

g
 a m

o
d
u

le “to
o

 elab
o
rated

” fo
r so

cial 

co
n
v

ersatio
n
, as stu

d
en

ts co
m

e to
 fo

cu
s m

o
re o

n
 th

e so
cial in

teractio
n
 th

an
 th

e p
resen

t learn
in

g
 

g
o
al. R

elatin
g
 b

ack
 to

 th
e E

n
A

L
I fram

ew
o

rk
, th

ere is su
rely

 a fin
e lin

e b
etw

een
 stu

d
en

ts b
ein

g
 

en
g
ag

ed
 an

d
 b

ein
g
 im

m
ersed

 to
 th

e p
o

in
t o

f lo
sin

g
 fo

cu
s o

n
 th

e task
. A

s stated
 in

 th
e E

n
A

L
I 

U
ser In

teractio
n

 G
u

id
elin

es (T
ab

le 1
), it is im

p
o

rtan
t to

 m
ain

tain
 an

 ap
p

ro
p

riate b
alan

ce b
etw

een
 

o
n
- an

d
 o

ff-task
 activ

ities. 

O
u
r w

a
y
 to

 ad
d

ress th
is in

 th
e sy

stem
 u

n
d

er d
ev

elo
p

m
en

t is b
y
 d

ed
icated

ly
 b

rid
g
in

g
 th

e g
ap

 

b
etw

een
 w

h
at is clea

rly ta
sk-o

rien
ted

 (p
la

y
in

g
 th

e m
ath

 g
am

e an
d

 h
av

in
g
 a co

n
v

ersatio
n

 o
n
 th

is) 

an
d
 w

h
at is co

m
p
letely u

n
rela

ted
 to

 th
e ta

sk (d
iscu

ssin
g
 th

e m
u
sic sty

le o
f a ro

ck
 sin

g
er o

r 

2
0

 

 say
in

g
 o

n
e w

an
ts to

 g
o

 an
d

 b
u

y
 an

 ice-cream
) w

ith
 th

e in
 b

etw
een

 categ
o

ry
. O

ff-ta
sk/o

n
-d

o
m

a
in

 

co
n
versa

tio
n
 is so

cial an
d
 free co

n
v

ersatio
n
 b

u
t o

n
 th

e m
a

th
 g

a
m

e, o
n

 m
a

th
, o

n
 sch

o
o

l, etc. B
y
 

co
m

b
in

in
g
 a b

asic ch
atb

o
t sy

stem
 arch

itectu
re b

ased
 o

n
 A

IM
L

 w
ith

 d
ialo

g
u

e m
an

ag
em

en
t an

d
 

d
ialo

g
u

e h
isto

ry
 tech

n
iq

u
es u

sed
 in

 d
ialo

g
u

e sy
stem

s, th
e ag

en
t can

 h
an

d
le a m

ix
ed

 in
itiativ

e 

d
ialo

g
u

e an
d
 b

y
 tak

in
g
 th

e in
itiativ

e also
 steer aw

ay
 fro

m
 lo

n
g
 o

ff-d
o

m
ain

 co
n
v

ersatio
n
s an

d
 

rein
tro

d
u
ce th

e learn
in

g
 task

. T
h

e p
ed

ag
o

g
ical ag

e
n

t can
 in

 th
is w

ay
 (re-)in

tro
d

u
ce p

articu
lar 

su
b
jects o

f co
n

v
ersatio

n
, d

raw
in

g
 fro

m
 its k

n
o

w
led

g
e d

atab
ase. F

o
r ex

am
p

le, if th
e stu

d
en

t 

co
m

m
en

ts o
n

 so
m

eth
in

g
 in

 “sch
o

o
l”, th

e p
ed

ag
o

g
ical ag

en
t can

 relate th
e fact th

at m
ath

em
atics 

is a sch
o

o
l su

b
ject an

d
 select b

etw
een

 asso
ciated

 resp
o

n
ses, su

ch
 as fo

r in
stan

ce “I h
ad

 a p
retty

 

g
o
o

d
 d

ay
 at sch

o
o

l, b
u

t it w
as a v

ery
 lo

n
g
 o

n
e. I w

as tired
 d

u
rin

g
 th

e last lesso
n
 o

f th
e d

a
y
 

(m
ath

). D
id

 y
o
u

 h
av

e m
ath

 to
d

ay
 to

o
?” T

h
is p

ro
v
id

es a to
o

l to
 w

o
rk

 o
n

 a b
alan

cin
g
 b

etw
een

 o
n
-

task
 an

d
 o

ff-task
 co

n
v
ersatio

n
s b

etw
een

 ag
en

t an
d

 stu
d
en

t. 

  

5
.3

.2
 T

h
e n

o
n
-a

p
p

ea
l o

f o
ff-ta

sk co
n
versa

tio
n

 

O
n

 th
e o

th
er h

an
d

, so
m

e stu
d

en
ts sh

o
w

 v
ery

 little in
terest in

 en
g
ag

in
g
 in

 o
ff-task

 co
n
v

ersatio
n

 

(G
u

lz, 2
0

0
5
; V

eletsian
o

s, 2
0
0

9
), an

d
 m

a
y
 ex

p
erien

ce o
ff-task

 co
n

v
ersatio

n
 as u

n
n
ecessary

 an
d

 

m
ean

in
g
less, tak

in
g
 tim

e fro
m

 th
e task

. In
 a stu

d
y
 w

ith
 n

in
ety

 1
2

-1
5
-y

ear-o
ld

 sch
o

o
l ch

ild
ren

 

fro
m

 a S
w

ed
ish

 seco
n

d
ary

 sch
o
o

l (G
u
lz, 2

0
0

5
), 3

7
 o

u
t o

f 9
0

 said
 th

at th
ey

 w
o

u
ld

 p
refer a 

p
ed

ag
o

g
ical ag

en
t th

at w
as strictly

 task
-o

rien
ted

 in
 its co

n
v

ersatio
n
 rath

er th
an

 also
 en

g
ag

e in
 

so
cially

 o
rien

ted
 o

ff-task
 co

n
v
ersatio

n
. T

h
e arg

u
m

en
ts fell in

to
 fo

u
r categ

o
ries: i) o

ff-task
 

co
n
v

ersatio
n
 w

ith
 th

e ag
en

t w
o

u
ld

 b
e tryin

g
, tireso

m
e a

n
d

 a
 n

u
isa

n
ce, ii) th

ere is a risk
 o

f g
ettin

g
 

d
istra

cted
 b

y
 o

ff-task
 co

n
v
ersatio

n
, iii) o

ff-task
 co

n
v

ersatio
n

 w
o
u

ld
 in

v
o
lv

e d
o

in
g
 u

n
n

ecessa
ry 

o
r m

ea
n
in

g
less th

in
g

s in
stea

d
 o

f fo
cu

sin
g

 o
n
 w

h
at is im

p
o

rtan
t, an

d
 iv

) m
in

im
al in

terest in
 

d
ev

elo
p

in
g
 a so

cially
 o

rien
ted

 relatio
n

sh
ip

 w
ith

 a co
m

p
u

ter. S
im

ilar resu
lts o

f d
iverg

in
g

 attitu
d

es 

to
w

ard
s ag

en
ts’ o

ff-task
 co

n
v
ersatio

n
 h

av
e b

een
 p

resen
ted

 b
y
 B

ick
m

o
re (2

0
0

3
) an

d
 b

y
 H

all et 

al., (2
0

0
4

). In
 o

th
er w

o
rd

s, th
e n

o
tio

n
 th

at so
cial d

im
en

sio
n

s o
f v

irtu
al ch

aracters in
crease 

learn
ers’ m

o
tiv

atio
n
 an

d
 en

g
ag

em
en

t m
ay

 b
e less straig

h
tfo

rw
ard

 th
an

 is so
m

etim
es 

h
y
p

o
th

esized
 (G

u
lz, 2

0
0

5
). 

W
e tack

le th
is ch

allen
g
e b

y
 u

tilizin
g
 v

ario
u

s ap
p
ro

ach
es. O

n
e is b

y
 co

n
stru

in
g
 o

u
r sy

stem
 

su
ch

 th
at it can

 d
etect a stu

d
en

t’s lack
 o

f en
g
a
g
em

en
t in

 o
ff-task

 co
n

v
ersatio

n
 (w

h
ich

 is 

relativ
ely

 easy
 to

 d
eterm

in
e fro

m
 sim

p
ly

 th
e am

o
u

n
t o

f ty
p
ed

 tex
t an

d
 certain

 in
d
icativ

e 

co
m

m
en

ts o
r q

u
estio

n
s). T

h
e ag

en
t can

 th
en

 tak
e th

e in
itiativ

e to
 fin

ish
 a co

n
v

ersatio
n
 an

d
 retu

rn
 

to
 th

e g
am

e: “L
et’s p

la
y
 ag

ain
”, “D

o
 y

o
u
 w

an
t to

 p
lay

 an
o

th
er g

am
e?” A

n
o

th
er ap

p
ro

ach
 is to

 

h
av

e a b
u

tto
n

 fo
r ‘retu

rn
 to

 g
am

e’ b
y
 w

h
ich

 a stu
d

en
t can

 ch
o
se to

 term
in

ate an
 o

ff-task
 

co
n
v

ersatio
n
 b

efo
re th

e ch
at-tim

e (p
au

se-tim
e) h

as p
assed

. 

5
.3

.3
 F

in
d

in
g

 th
e b

a
la

n
ce a

n
d

 a
llo

w
in

g
 flexib

ility fo
r in

d
ivid

u
a

ls 

S
o
m

e stu
d

en
ts are co

n
sid

erab
ly

 m
o
re attracted

 to
 an

 ag
en

t th
at en

g
ag

es in
 o

ff-task
 co

n
v

ersatio
n

 

th
an

 o
th

ers. S
im

p
ly

 p
lacin

g
 p

referen
ce fo

r p
ed

ag
o

g
ical ag

en
t en

g
ag

in
g
 in

 o
ff-task

 co
n
v

ersatio
n

 

ag
ain

st p
referen

ce fo
r a p

ed
ag

o
g
ical ag

en
t n

o
t d

o
in

g
 so

 is an
 o

v
ersim

p
lificatio

n
. T

h
e a

m
o

u
n

t o
f 

o
ff-task

 co
n
v

ersatio
n
 in

 relatio
n

 to
 task

-o
rien

ted
 co

n
v

ersatio
n
 an

d
 th

e kin
d

 o
f o

ff-task
 



2
1

 

 co
n
v

ersatio
n
, are im

p
o

rtan
t p

aram
eters th

at can
 in

flu
en

ce p
referen

ces. T
h

ese p
aram

eters affect a 

learn
er’s ju

d
g
m

en
t o

f th
e v

alu
e an

d
 w

o
rth

 o
f o

ff-task
 in

teractio
n
s.  

In
 fact, th

ere is ev
id

en
ce th

at a p
ed

ag
o

g
ical ag

en
ts’ en

g
ag

in
g
 in

 o
ff-task

 co
n
v

ersatio
n

 can
 lead

 

to
 a stro

n
g
er fo

cu
s o

n
 th

e task
 b

y
 th

e p
art o

f th
e stu

d
en

ts. In
 a stu

d
y
 b

y
 A

i an
d

 co
lleag

u
es (A

i, 

K
u

m
ar, N

g
u

y
en

, N
ag

asu
n
d

er &
 R

o
sé, 2

0
1

0
) stu

d
en

t p
airs in

teracted
 w

ith
 o

n
e an

o
th

er w
ith

in
 a 

co
llab

o
rativ

e so
ftw

are, w
h

ere a co
n

v
ersatio

n
al ag

en
t in

 th
e ro

le o
f a tu

to
r p

articip
ated

 w
ith

 th
e 

stu
d

en
ts in

 a ch
at. T

h
e co

n
v
ersatio

n
al ag

en
t cam

e in
 th

ree d
ifferen

t v
ersio

n
s th

at d
iffered

 in
 th

e 

am
o
u

n
t o

f so
cial b

eh
av

io
rs an

d
 attitu

d
es ex

h
ib

ited
 b

y
 th

e ag
en

t in
 th

e co
n

v
ersatio

n
. T

h
e 

N
o

n
so

cial tu
to

r ag
en

t w
as strictly

 task
-o

rien
ted

 in
 its co

n
v

ersatio
n
, w

h
ereas th

e L
o

w
 so

cial an
d
 

th
e H

ig
h

 so
cial ag

en
ts d

iffered
 in

 th
e freq

u
en

c
y
 o

f b
rin

g
in

g
 in

 so
cially

 o
rien

ted
 u

tteran
ces in

 th
e 

co
n
v

ersatio
n
. R

esu
lts sh

o
w

ed
 th

at th
e stu

d
en

ts w
h

o
 in

teracted
 w

ith
 th

e so
cial ag

en
ts fo

cu
sed

 o
n

 

th
e task

 rath
er th

an
 en

g
ag

in
g
 in

 o
ff-task

 co
n

v
ersatio

n
s w

ith
 each

 an
o

th
er.  

In
 th

e sy
stem

 th
at w

e d
ev

elo
p

 th
ere are, lik

ew
ise, p

arts o
f th

e o
ff-task

 co
n

v
ersatio

n
 th

at relate 

to
 th

e task
 at h

an
d

 –
 th

ese asp
ects w

e call o
ff-task

/o
n
-d

o
m

ain
. T

h
e ag

en
t can

 u
se th

is asp
ect o

f 

o
ff-task

 co
n
v

ersatio
n
 to

 b
o
o

st th
e stu

d
en

ts’ acco
m

p
lish

m
en

ts–
 fo

r in
stan

ce th
e ag

en
t co

u
ld

 say
: 

“It w
o
u

ld
 n

o
t h

av
e b

een
 easy

 to
 learn

 th
is w

ith
o

u
t y

o
u
r h

elp
”, o

r “I n
ev

er th
o

u
g
h

t th
at m

ath
 

co
u
ld

 b
e th

is fu
n
, th

an
k
s to

 y
o

u
”. T

h
e R

&
-D

 p
ro

ject w
ill ex

p
lo

re h
o

w
 th

is can
 b

e u
sed

 as a w
ay

 

to
 in

flu
en

ce stu
d
en

ts’ self-efficacy
 b

eliefs in
 m

ath
 (cf. sectio

n
 2

.2
.1

 ab
o

v
e). 

In
 th

e o
ff-task

/o
ff-d

o
m

ain
 co

n
v

ersatio
n
, v

ery
 d

ifferen
t k

in
d

s o
f to

p
ics can

 b
e d

iscu
ssed

. It is 

ex
p

ected
 th

at stu
d

en
ts are lik

ely
 to

 h
av

e d
ifferen

t o
p
in

io
n

s o
n
 th

e u
sefu

ln
ess o

f th
is ty

p
e o

f 

co
n
v

ersatio
n
 an

d
 b

e d
ifferen

tly
 w

illin
g
 to

 en
g
ag

e in
 it. A

s d
iscu

ssed
 ab

o
v

e w
e w

ill o
p

t fo
r d

esig
n
 

so
lu

tio
n
s th

at allo
w

 flex
ib

ility
 an

d
 ch

o
ice in

 o
rd

er to
 m

eet th
is ch

allen
g
e. O

u
r ratio

n
ale fo

r th
is 

ch
o
ice co

m
es fro

m
 th

e stu
d

y
 m

en
tio

n
ed

 ab
o

v
e, (G

u
lz, 2

0
0

5
), w

h
ere stu

d
en

ts resp
o

n
d

ed
 th

at th
e 

id
eal, as th

ey
 saw

 it, w
o

u
ld

 b
e to

 b
e ab

le to
 ch

o
o
se w

h
ich

 ag
en

t th
e
y
 w

an
ted

 to
 in

teract w
ith

: 

“‘S
o

m
etim

es o
n

e w
o

u
ld

 feel lik
e talk

in
g
 m

o
re an

d
 ch

attin
g
, b

u
t so

m
etim

es o
n

e w
o

u
ld

 p
refer an

 

ag
en

t th
at is q

u
iet an

d
 stick

s to
 th

e task
.’ […

.] ; ‘It d
ep

en
d

s, so
m

etim
es I w

o
u
ld

 lik
e o

n
e th

at is 

talk
ativ

e an
d
 so

cial, b
u
t so

m
etim

es I can
’t stan

d
 th

at an
d

 w
an

t to
 b

e sp
ared

 fro
m

 it’ (ib
id

.. p
 

4
1
3

).” 

5
.4

 T
h

e ch
a

llen
g

e o
f a

b
u

siv
e stu

d
en

t co
m

m
en

ts  

A
 fo

u
rth

 ch
allen

g
e relates to

 av
o

id
in

g
 co

n
v

ersatio
n
s in

 w
h

ich
 stu

d
en

ts ab
u
se th

e p
ed

ag
o

g
ical 

ag
en

t (B
ran

h
am

 &
 D

e A
n

g
eli, 2

0
0
8

; D
e A

n
g
eli &

 B
ran

h
am

, 2
0
0

8
). T

h
e E

n
A

L
I fram

ew
o

rk
 

su
g
g
ests sev

eral g
u
id

elin
es fo

r ad
d

ressin
g
 th

is ch
allen

g
e. R

elatin
g
 to

 th
e ag

en
t ch

aracteristics, fo
r 

ex
am

p
le, th

e ag
en

t sh
o

u
ld

 d
isp

lay
 so

cially
 ap

p
ro

p
riate d

em
ean

o
r an

d
 rep

resen
tatio

n
 an

d
 u

se a 

v
isu

al rep
resen

tatio
n

 ap
p

ro
p

riate to
 th

e co
n

ten
t. 

P
rev

io
u
sly

 th
is ch

allen
g
e h

as b
een

 ad
d

ressed
 b

y
 m

ak
in

g
 th

e ag
en

t g
iv

e v
ery

 n
eu

tral resp
o

n
ses 

to
 as stu

d
en

t’s v
erb

al ab
u

se. V
eletsian

o
s, S

ch
arb

er, an
d

 D
o

erin
g
 (2

0
0

8
) let th

e p
ed

ag
o

g
ical ag

en
t 

resp
o
n

d
 to

 ab
u
ses b

y
 lectu

rin
g
 th

e u
ser o

n
 fo

u
l lan

g
u

ag
e o

r actin
g
 su

b
m

issiv
ely

. B
o

th
 ty

p
es o

f 

resp
o
n

ses h
o
w

ev
er, resu

lted
 in

 co
n

tin
u

ed
 ab

u
se. O

u
r cu

rren
t ap

p
ro

ach
 in

v
o

lv
es th

e p
ed

ag
o

g
ical 

ag
en

t n
o

tin
g
 th

at it is n
o
t in

terested
 in

 certain
 to

p
ics an

d
 n

o
t w

an
tin

g
 to

 co
m

m
en

t o
n
 th

em
. 

2
2

 

 A
n

o
th

er strateg
y
 b

ein
g
 ev

alu
ated

 in
v

o
lv

es refrain
in

g
 fro

m
 p

ro
v
o

cativ
e resp

o
n

ses w
h

ile at th
e 

sam
e tim

e n
o

t b
ein

g
 ig

n
o

ran
t ab

o
u

t th
e ab

u
siv

e lan
g
u

ag
e. 

A
d
d

itio
n

ally
, v

isu
al ap

p
earan

ce can
 p

lay
 an

 im
p

o
rtan

t ro
le in

 g
u

id
in

g
 ex

p
ectatio

n
s an

d
 

m
an

ag
in

g
 su

ch
 in

teractio
n

s. In
 a related

 stu
d

y
 (G

u
lz &

 H
aak

e, 2
0
1

0
) a fem

ale p
ed

ag
o

g
ical ag

en
t 

in
 th

e ro
le o

f co
ach

 fo
r a tech

n
o

lo
g

y
 d

o
m

ain
 w

as g
iv

en
 tw

o
 d

ifferen
t em

b
o

d
im

en
ts, o

n
e m

o
re 

fem
in

in
e-lo

o
k
in

g
 an

d
 o

n
e m

o
re n

eu
tral-lo

o
k
in

g
. T

h
e m

o
re fem

in
in

e-lo
o

k
in

g
 ch

aracter w
as m

o
re 

freq
u
en

tly
 co

m
m

en
ted

 u
p

o
n

 in
 d

ero
g
ativ

e term
s, w

h
ereas th

e m
o

re n
eu

tral-lo
o
k
in

g
 w

as 

d
iscu

ssed
 in

 m
o

re p
o

sitiv
e term

s. W
e w

ill co
n

tin
u

e to
 ex

p
lo

re w
h
at in

flu
en

ce m
an

ip
u

latio
n

s o
f 

v
isu

al g
en

d
er can

 h
av

e.  

F
o

r th
e early

 v
ersio

n
s o

f o
u

r sy
stem

s an
d

 th
e v

isu
al ch

aracters as in
 fig

u
re 5

, th
e resu

lts so
 far 

in
d

icate th
at th

e am
o

u
n

t o
f ag

en
t ab

u
se is co

n
sid

erab
ly

 sm
aller an

d
 tak

es m
ild

er fo
rm

s th
an

 in
 

th
e stu

d
y
 fro

m
 V

eletsian
o
s et al. (2

0
0

8
). T

h
e co

m
p

ariso
n

 sh
o

u
ld

, h
o
w

ev
er, b

e tak
en

 w
ith

 

cau
tio

n
, sin

ce th
ere are d

ifferen
ces n

o
t o

n
ly

 in
 th

e v
isu

alizatio
n
 o

f ag
en

ts b
u

t also
 in

 th
e 

ed
u
catio

n
al sy

stem
s u

sed
, th

e p
erio

d
 o

f tim
e fo

r u
se, ag

e o
f stu

d
en

ts as w
ell as th

e cu
ltu

ral 

co
n
tex

t. A
s to

 th
e im

p
act o

f cu
ltu

ral co
n

tex
t o

n
 p

ed
ag

o
g
ical ag

en
t im

p
lem

en
tatio

n
, th

e issu
e h

as 

receiv
ed

 little atten
tio

n
.  

6
. F

u
tu

re tren
d

s a
n

d
 resea

rch
 d

irectio
n

s 

W
h

ile th
is p

ap
er h

as d
escrib

ed
 ch

allen
g
es, d

esig
n

 th
in

k
in

g
, an

d
 p

o
ssib

le so
lu

tio
n

s to
 co

m
m

o
n

 

p
ro

b
lem

s w
h

en
 im

p
lem

en
tin

g
 p

ed
ag

o
g
ical ag

en
ts, it is im

p
o

rtan
t to

 h
ig

h
lig

h
t th

e w
a
y
s fu

tu
re 

research
 can

 su
p
p

o
rt th

e ex
ten

sio
n
 o

f th
is w

ay
 o

f th
in

k
in

g
. 

T
o

 th
e ex

ten
t th

at o
ff-task

 co
n
v

ersatio
n

 fu
lfills th

e p
u
rp

o
se o

f estab
lish

in
g
 a so

cial relatio
n

sh
ip

 

w
ith

 th
e learn

er, th
ere is a p

o
ten

tial fo
r p

ed
ag

o
g
ical in

terv
en

tio
n
s th

at d
eserv

e fu
rth

er atten
tio

n
 –

 

su
ch

 as p
ed

ag
o

g
ical in

terv
en

tio
n

s b
ased

 o
n

 id
en

tificatio
n

 an
d

 ro
le-m

o
d

elin
g
. (T

o
 o

u
r k

n
o

w
led

g
e, 

o
u
r p

ro
ject rep

resen
ts th

e v
ery

 first im
p

lem
en

tatio
n
 o

f o
ff-task

 in
teractio

n
 in

 ed
u

catio
n

al 

so
ftw

are in
ten

tio
n

ally
 d

esig
n

ed
 to

 serv
e a set o

f p
ed

ag
o

g
ical in

terv
en

tio
n

s.) 

A
n
 im

p
o

rtan
t area th

at n
eed

s to
 b

e ex
p
lo

red
 fu

rth
er, in

 relatio
n

 to
 th

e ab
o
v

e, an
d

 in
 relatio

n
 to

 

o
th

er issu
es, is lo

n
g

-term
 stu

d
ies. W

h
at can

 b
e acco

m
p
lish

ed
 w

h
en

 a p
ed

ag
o

g
ical ag

en
t b

ased
 

ed
u
catio

n
al sy

stem
 is u

sed
 fo

r a lo
n

g
er p

erio
d

 o
f tim

e? T
h

e n
eed

 fo
r su

ch
 research

 h
as b

een
 

p
o
in

ted
 o

u
t fo

r q
u

ite so
m

e tim
e an

d
 b

y
 sev

eral research
ers (e.g

. D
eh

n
 &

 v
an

 M
u
lk

en
, 2

0
0
0

; 

G
u

lz, 2
0

0
4
; B

ick
m

o
re &

 P
icard

 2
0

0
4

.) W
ith

 m
o
re m

atu
re ag

en
t-b

ased
 ed

u
catio

n
al sy

stem
s, th

e 

tim
e h

as co
m

e w
h

ere su
ch

 stu
d

ies can
 actu

ally
 b

e carried
 o

u
t. F

o
r ex

am
p
le, it is k

n
o
w

n
 th

at a 

w
ell-d

esig
n

ed
 co

n
v

ersatio
n

al p
ed

ag
o

g
ical ag

en
t d

u
rin

g
 sh

o
rt-term

 u
se can

 p
o

sitiv
ely

 in
flu

en
ce 

self-efficac
y
 b

eliefs in
 stu

d
en

ts (B
a
y
lo

r, 2
0

0
9
; K

im
, B

a
y
lo

r, &
 S

h
en

, 2
0
0

7
; B

ay
lo

r &
 P

lan
t, 

2
0
0

5
) b

u
t little is k

n
o

w
n

 ab
o
u

t lo
n

g
 term

 effects. R
eg

ard
in

g
 th

e ro
le o

f v
isu

al ap
p

earan
ce o

f 

p
ed

ag
o

g
ical ag

en
ts o

n
 self-efficac

y
 b

eliefs an
d

 o
th

er p
ed

ag
o

g
ical m

easu
rem

en
ts, ag

ain
 m

o
st 

stu
d

ies h
av

e d
ealt w

ith
 sh

o
rt-tim

e u
se. T

h
e field

 stan
d
s b

efo
re th

e ex
citin

g
 task

 o
f also

 ex
am

in
in

g
 

th
e ro

le o
f ap

p
earan

ce w
h
en

 a h
u

m
an

-ag
en

t so
cial relatio

n
sh

ip
 p

ersists o
v
er tim

e (cf. B
a
y
lo

r, 

2
0
0

9
).  



2
3

 

 

A
n
 im

p
o

rtan
t an

d
 m

u
ch

-n
eed

ed
 tren

d
 in

 th
e field

 is th
at stu

d
ies o

n
 co

n
v

ersatio
n
al p

ed
ag

o
g
ical 

ag
en

ts h
av

e b
eco

m
e co

n
sid

erab
ly

 m
o

re fin
e-g

rain
ed

 th
an

 th
ey

 u
sed

 to
 b

e a d
ecad

e ag
o

. It is n
o
 

lo
n

g
er d

iscu
ssed

 w
h
eth

er ed
u

catio
n

al sy
stem

s are b
etter w

ith
 o

r w
ith

o
u

t co
n

v
ersatio

n
al 

p
ed

ag
o

g
ical ag

en
ts. In

stead
 stu

d
ies are co

n
cern

ed
 w

ith
 w

h
at k

in
d
s o

f ag
en

t can
 affect w

h
at 

asp
ects o

f p
erfo

rm
an

ce o
r attitu

d
es in

 w
h

ich
 learn

ers. A
n

o
th

er ex
am

p
le o

f stu
d

ies b
eco

m
in

g
 

m
o

re fin
e-g

rain
ed

 is h
o

w
 stu

d
ies o

f ag
en

t g
en

d
er d

o
 n

o
t sto

p
 at co

m
p

arin
g
 m

ale an
d
 fem

ale 

ag
en

t ch
aracters, b

u
t in

v
o

lv
e d

ifferen
t asp

ects o
f fem

in
in

ity
 an

d
 m

ascu
lin

ity
 in

 ap
p

earan
ce (G

u
lz 

&
 H

aak
e, 2

0
1
0

) 

 In
 ad

d
itio

n
 to

 research
 tren

d
s an

d
 research

 areas th
at n

ecessitate o
u

r atten
tio

n
, w

e see a n
eed

 

to
 reth

in
k
 th

e m
eth

o
d
o

lo
g
ical ap

p
ro

ach
 w

e tak
e to

 p
ed

ag
o

g
ical ag

en
t research

. S
p

ecifically
, 

D
esig

n
-B

ased
 R

esearch
 (D

B
R

) m
eth

o
d

o
lo

g
ies allo

w
 research

ers an
d

 p
ractitio

n
ers to

 fu
lly

 

u
n
d

erstan
d
 p

ed
ag

o
g
ical ag

en
t im

p
lem

en
tatio

n
s, ch

allen
g
es, so

lu
tio

n
s, an

d
 th

eo
ries, an

d
 w

e 

su
g
g
est em

p
lo

y
in

g
 su

ch
 m

eth
o

d
o
lo

g
ies fo

r fu
tu

re in
terv

en
tio

n
s.  

E
d

elso
n

 (2
0

0
2

) su
g

g
ests th

at th
ree ty

p
es o

f th
eo

ries can
 b

e g
en

erated
 fro

m
 D

B
R

 stu
d

ies. W
e 

see o
u
r w

o
rk

 as in
fo

rm
in

g
 tw

o
 o

f th
ese th

ree th
eo

ries. S
p

ecifically
: 

• 
D

o
m

ain
 th

eo
ries: T

h
e im

p
lem

en
tatio

n
s an

d
 iteratio

n
s d

escrib
ed

 in
 th

is p
ap

er 

en
h
an

ce o
u

r u
n

d
erstan

d
in

g
 o

f in
teractio

n
s b

etw
een

 learn
ers an

d
 ag

en
ts w

ith
in

 

d
ig

ital learn
in

g
 en

v
iro

n
m

en
ts.  

• 
D

esig
n

 F
ram

ew
o

rk
s: T

h
e d

esig
n
, im

p
lem

en
tatio

n
, ev

alu
atio

n
, an

d
 red

esig
n

 o
f th

e 

p
ed

ag
o

g
ical ag

en
ts d

escrib
ed

 h
erein

 in
fo

rm
 an

d
 im

p
ro

v
e th

e d
esig

n
 g

u
id

elin
es 

p
ro

p
o

sed
 b

y
 th

e E
n
A

L
I fram

ew
o

rk
 (V

eletsian
o

s, D
o

erin
g
 &

 M
iller, 2

0
0

9
). 

In
 su

m
, D

B
R

 affo
rd

s research
ers w

ith
 th

e o
p
p

o
rtu

n
ity

 to
 ex

p
erim

en
t w

ith
 in

terv
en

tio
n
s in

 

au
th

en
tic en

v
iro

n
m

en
ts to

 ex
p

lo
re w

h
at h

ap
p

en
s in

 th
e “real w

o
rld

.” F
u

tu
re w

o
rk

 in
 th

e 

p
ed

ag
o

g
ical ag

en
t d

o
m

ain
 can

 fin
e-tu

n
e an

d
 en

h
an

ce situ
ated

 p
ractice w

h
ile also

 en
h
an

cin
g
 

th
eo

ry
 o

n
 ag

en
t-learn

er in
teractio

n
s if w

e em
p

lo
y
 a D

B
R

 ap
p

ro
ach

 to
 p

ed
ag

o
g
ical ag

en
t 

research
. In

 lin
e w

ith
 D

B
R

 m
eth

o
d

o
lo

g
ies, th

is p
ap

er d
escrib

es o
u
r th

in
k
in

g
 an

d
 in

itial d
esig

n
 

d
ecisio

n
s fo

r th
e p

ro
ject d

escrib
ed

 h
erein

. W
e w

ill b
e rev

isitin
g
 th

e id
eas p

resen
ted

 h
ere an

d
 w

ill 

b
e rev

isin
g
 th

e in
terv

en
tio

n
 co

n
tin

u
o

u
sly

 b
ased

 o
n

 d
ata fro

m
 th

e field
, feed

b
ack

 fro
m

 teach
ers 

an
d
 stu

d
en

ts, assessm
en

t resu
lts, an

d
 ev

alu
atio

n
s o

f th
e learn

in
g
 ex

p
erien

ce.  

 7
. C

O
N

C
L

U
S

IO
N

 

T
h

is ch
ap

ter h
as p

ro
v

id
ed

 ex
am

p
les o

f h
o
w

 o
n

e can
 reaso

n
 ab

o
u
t d

ealin
g
 w

ith
 th

e 

co
m

p
lex

ity
 o

f d
ecisio

n
s w

ith
in

 o
n

e co
h

eren
t fram

ew
o

rk
 (th

e E
n

A
L

I g
u

id
elin

es) an
d
 still m

ak
e 

p
ro

g
ress to

w
ard

s a sm
all n

u
m

b
er o

f w
ell-d

efin
ed

, ed
u

catio
n

al g
o

als. U
n
lik

e trad
itio

n
al, 

ex
p

erim
en

tal research
 w

h
ich

 p
ro

v
id

es a “y
es” o

r “n
o

” an
sw

er to
 a g

iv
en

 research
 q

u
estio

n
, o

r th
e 

rejectio
n

 o
r accep

tan
ce o

f a h
y
p

o
th

esis, a d
esig

n
-b

ased
 ap

p
ro

ach
 to

 d
ev

elo
p

m
en

t m
ain

tain
s th

e 

fo
cu

s o
n

 th
e “h

o
w

” in
 an

 o
n

-g
o

in
g
 en

h
an

cem
en

t p
ro

cess as to
 w

h
a

t a
ctu

a
lly w

o
rks in

 a
 virtu

a
l 

lea
rn

in
g

 en
viro

n
m

en
t an

d
 th

e so
cio

-cu
ltu

ral en
v

iro
n
m

en
t in

 w
h
ich

 it is b
ein

g
 u

sed
. T

h
e resu

lts 

w
e o

b
tain

 in
 term

s o
f w

h
at m

an
ip

u
latio

n
s y

ield
 a p

o
sitiv

e o
r n

eg
ativ

e effect, fo
r ex

am
p
le, m

ig
h

t 

b
e m

o
re o

r less lim
ited

 to
 th

e im
p

lem
en

tatio
n

 co
n

tex
t. Y

et, o
f g

reater b
en

efit is th
e 

2
4

 

 g
en

eralizab
ility

 an
d

 ap
p
licab

ility
 o

f th
e lin

es o
f reaso

n
in

g
, d

ata co
llectio

n
 p

ro
ced

u
res, an

d
 

strateg
ies fo

r d
ealin

g
 w

ith
 en

acted
 in

terv
en

tio
n

s at d
ifferen

t stag
es o

f d
ev

elo
p
m

en
t, w

h
ich

 are 

lik
ely

 to
 in

fo
rm

 sim
ilar en

d
eav

o
rs o

f en
h
an

cin
g
 in

teractio
n
s in

 real-w
o

rld
 learn

in
g
 en

v
iro

n
m

en
ts. 

In
 o

u
r case, w

e h
av

e aim
ed

 to
 d

em
o

n
strate h

o
w

 th
e field

 o
f co

n
v

ersatio
n

al p
ed

ag
o

g
ical 

ag
en

ts rep
resen

ts a u
n

iq
u

e co
m

b
in

atio
n

 o
f th

eo
ry

 an
d

 research
 in

tertw
in

ed
 w

ith
 p

ractice. T
h

is 

ch
ap

ter h
as h

ig
h

lig
h
ted

 th
e fact th

at d
esig

n
 an

d
 research

 k
n

o
w

led
g
e are im

p
o

rtan
t in

 d
ev

elo
p

in
g
 

effectiv
e, efficien

t, an
d
 en

g
ag

in
g
 p

ed
ag

o
g
ical ag

en
ts th

at n
o

t o
n

ly
 cap

italize o
n
 tech

n
o

lo
g
ical 

ad
v
an

cem
en

ts, b
u

t are also
 sen

sitiv
e to

 co
g
n

itiv
e, em

o
tio

n
al, an

d
 so

cial co
n

sid
eratio

n
s as th

e
y
 

relate to
 ed

u
catio

n
al issu

es. T
ak

in
g
 a d

esig
n

-b
ased

 ap
p

ro
ach

 len
d
s p

ro
m

ise to
 en

h
an

cin
g
 d

esig
n

 

p
ractices o

f co
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