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f c
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e l
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 m
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 r
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 p
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e c
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at
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 c
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f p
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 b
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 d
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 p
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f c
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 p
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at
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 c
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 b
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y c
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 o
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: d
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ev
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s d
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 m
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 p
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 d
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 p
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 m
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e b
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 p
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 b
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 d
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s b
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 b
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t f
or

 in
sig

ht
 p
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 p
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m
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d 
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e 
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m
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c d
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e 

La
ng

le
y,

 S
im

on
, B

ra
ds

ha
w

, A
 Z

yt
- 

ko
w

, 1
98

7)
 sh

ow
s t

ha
t f

ea
tu

re
s o

f a
 si

tu
at

io
n 

m
ay

 b
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 p
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 m
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 b
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e 

sa
m

e 
co

lo
r,

 o
r 

th
at

 th
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 c
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at
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e b
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 d

ir
ec

t s
ea

rc
h 

in
 th

e 
m

et
a-

le
ve

l p
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 p
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 c
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f c
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 p
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 re
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e 
M

C
 p
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 d
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t f
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at
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e p
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l p
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e m
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 d
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t c
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 o
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 m
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ul
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 c
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g 
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e 

co
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 d
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ro
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 d
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f c
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l c
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e f
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of
 th

e 
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of

 h
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ic
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n 
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l p
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co
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ur
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ns
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w
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e 
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ri
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 m

et
ho
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d

M
at

er
ia
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. I

ns
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uc
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de
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al

 fo
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ll 
su

bj
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ts
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e 
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pe
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an
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rd
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 p
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e b
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s. 
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 M
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an
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 c
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of
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 c
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er
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s 
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 c
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d 
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 d
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, b
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of
 se

ar
ch

 c
on

st
ra

in
t i

n 
tu

rn
. 

Th
e 

fa
ct

 th
at

 s
ub

je
ct

s 
so

lv
in

g 
m

or
e 

sa
lie

nt
 v

er
sio

ns
 o

f t
he

 M
C 

pr
ob

le
m

 
at

ta
in

ed
 in

sig
ht

 so
on

er
 a

tte
st

s t
o 

th
e 

po
w

er
 o

f c
ue

 sa
lie

nc
e 

as
 a

 so
ur

ce
 o

f 
co

ns
tr

ai
nt

. H
in

ts
, e

sp
ec

ia
lly

 th
e 

PA
RI

TY
 h

in
t, 

w
er

e 
sh

ow
n 

to
 b

e 
qu

ite
 

ef
fe

ct
iv

e 
so

ur
ce

s 
of

 co
ns

tr
ai

nt
. S

ub
je

ct
s g

en
er

at
ed

 m
or

e 
st

at
em

en
ts

 r
el

 
ev

an
t t

o 
th

e 
so

lu
tio

n 
pa

th
 a

fte
r 

a 
hi

nt
 th

an
 b

ef
or

e 
it.

 P
ro

to
co

l e
vi

de
nc

e 
sh

ow
ed

 th
at

 p
rio

r d
om

ai
n 

kn
ow

le
dg

e, 
w

hi
le

 co
ns

tr
ai

ni
ng

 se
ar

ch
, c

an
 a

c
 

tu
al

ly
 b

e 
co

un
te

rp
ro

du
ct

iv
e 

if 
it 

le
ad

s t
o 

se
ar

ch
 in

 th
e 

w
ro

ng
 p

or
t o

f t
he

 
sp

ac
e 

(a
s 

it 
is 

lik
el

y 
to

 d
o 

w
ith

 in
sig

ht
 p

ro
bl

em
s).

Pe
rh

ap
s 

ou
r 

m
os

t i
nt

er
es

tin
g 

re
su

lts
 c

on
ce

rn
ed

 u
se

 o
f t

he
 N

ot
ic

e 
In

 
va

ria
nt

 h
eu

ri
st

ic
. F

oc
us

in
g 

at
te

nt
io

n 
on

 in
va

ria
nt

 fe
at

ur
es

 o
f t

he
 p

ro
bl

em
 

sit
ua

tio
n 

al
lo

w
s s

ub
je

ct
s t

o 
co

nv
er

t a
 se

ar
ch

 in
 a

n 
en

or
m

ou
s a

nd
 u

nm
an

 
ag

ea
bl

e 
sp

ac
e 

(in
 w

hi
ch

 th
ey

 h
av

e 
no

 re
le

va
nt

 g
en

er
at

or
s)

 to
 a

 se
ar

ch
 in

 
a 

sm
al

ler
 sp

ac
e 

(w
ith

 g
en

er
at

or
s a

va
ila

bl
e)

.
W

e 
fo

un
d 

th
at

 a
ll 

su
bj

ec
ts

 u
se

d 
th

is 
he

ur
ist

ic 
co

m
m

on
ly

, a
nd

 th
at

 fa
st

 
su

bj
ec

ts
 u

se
d 

it 
m

or
e 

of
te

n 
th

an
 s

lo
w

 su
bj

ec
ts

 e
ar

ly
 in

 p
ro

bl
em

 so
lv

in
g.

 
Fu

rt
he

rm
or

e, 
fa

st
 s

ub
je

ct
s 

di
ffe

re
d 

fr
om

 s
lo

w
 s

ub
je

ct
s 

in
 t

he
 t

yp
es

 o
f 

in
va

ria
nt

s t
he

y 
no

tic
ed

. I
n 

pa
rt

icu
la

r, 
of

 th
e e

ig
ht

 su
bj

ec
ts

 w
ho

se
 b

eh
av

 
io

r w
as

 ex
am

in
ed

 in
 d

et
ai

l, 
al

l f
as

t s
ub

je
ct

s n
ot

ic
ed

 p
er

ce
pt

ua
l i

nv
ar

ia
nt

s 
wi

th
in

 t
he

 f
irs

t 
10

 m
in

 o
f p

ro
bl

em
 s

ol
vi

ng
, w

he
re

as
 n

on
e 

of
 th

e 
slo

w
 

su
bj

ec
ts

 d
id

 s
o.

 T
hi

s 
re

su
lt 

cu
ts

 a
cr

os
s 

ex
pe

rim
en

ta
l 

co
nd

iti
on

s. 
Fa

st
 

su
bj

ec
ts

 a
lso

 t
en

de
d 

to
 n

ot
ic

e 
a 

w
id

er
 v

ar
ie

ty
 o

f i
nv

ar
ia

nt
s 

th
an

 s
lo

w
 

su
bj

ec
ts

 d
ur

in
g 

th
e 

in
iti

al
 m

in
ut

es
 o

f p
ro

bl
em

 s
ol

vi
ng

, 
su

gg
es

tin
g 

th
at

 
fle

xi
bi

lit
y,

 o
r 

th
e 

w
ill

in
gn

es
s 

to
 t

ry
 a

 v
ar

ie
ty

 o
f 

th
in

gs
, 

m
ay

 f
ac

ili
ta

te
 

in
sig

ht
.

Th
e 

"N
ot

ic
e 

In
va

ria
nt

**
 r

es
ul

ts
 c

on
st

itu
te

 a
 s

ig
ni

fic
an

t 
st

ep
 t

ow
ar

d 
id

en
tif

yi
ng

 a
 h

eu
ri

st
ic

 th
at

 c
an

 fa
ci

lit
at

e 
in

sig
ht

 a
cr

os
s 

a 
w

id
e 

va
ri

et
y 

of
 

do
m

ai
ns

. A
lth

ou
gh

 h
in

ts
, c

ue
 sa

lie
nc

e,
 a

nd
 p

rio
r k

no
w

le
dg

e a
ll 

co
ns

tr
ai

n 
se

ar
ch

, i
t i

s 
di

ffi
cu

lt 
to

 s
pe

ci
fy

 h
ow

 th
ey

 w
ill

 h
av

e 
th

ei
r 

ef
fe

ct
 w

ith
ou

t 
kn

ow
in

g 
th

e 
na

tu
re

 o
f t

he
 p

ro
bl

em
 (

an
d 

its
 s

ol
ut

io
n)

 b
ef

or
eh

an
d.

 T
he

 
es

se
nc

e o
f d

isc
ov

er
y 

ho
w

ev
er

, i
s t

ha
t y

ou
 d

o 
no

t k
no

w
 b

ef
or

eh
an

d 
w

he
re

 
th

e 
so

lu
tio

n 
m

ay
 li

e.
 I

f n
ot

ic
in

g 
in

va
ria

nt
s, 

an
d 

in
 p

ar
tic

ul
ar

 p
er

ce
pt

ua
l 

in
va

ria
nt

s, 
pr

ov
id

ed
 e

ve
n 

a 
lit

tle
 se

ar
ch

 co
ns

tr
ai

nt
 fo

r t
he

 il
l-d

ef
in

ed
 ta

sk
 

of
 di

sc
ov

er
y,

 th
en

 w
e h

av
e a

 ca
us

e f
or

 ce
le

br
at

io
n.

 A
s t

hi
s p

ap
er

 h
as

 tr
ied

 
to

 sh
ow

, a
 li

ttl
e 

se
ar

ch
 c

on
st

ra
in

t g
oe

s a
 lo

ng
 w

ay
.
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5

I.D
.

At
tac

he
d 

ar
e 

fou
r 

bo
ar

ds
. P

lea
se

 a
ns

we
r 

th
e 

fo
llo

wi
ng

 q
ue

sti
on

s 
ab

ou
t t

he
 b

oa
rd

s 
by

 
cir

cli
ng

 n
um

be
rs 

on
 a 

I .
..
 5

 ra
tin

g s
ca

le:

(1)
 H

ow
 s

ali
en

t 
(st

rik
ing

 o
r 

co
ns

pi
cu

ou
s) 

ar
e 

th
e 

ma
rk

ing
s 

th
at 

dif
fer

en
tia

te 
th

e 
tw

o 
ty

pe
s o

f s
qu

ar
es 

on
 ea

ch
 bo

ar
d?

NO
T 

AT
 A

LL
SA

LI
EN

T 
bla

nk
pin

k a
nd

 b
lac

k 
wo

rd
s 

bla
ck

 an
d 

wh
ite

br
ea

d a
nd

 b
ut

ter
 w

or
ds

2 2 2 2

3 3 3 3

4 4 4 4

VE
RY

 
SA

LI
EN

T 
5 5 5 5

(2)
 H

ow
 co

m
m

on
 ar

e t
he

 m
ar

kin
gs

 on
 ea

ch
 bo

ar
d:

VE
RY

RA
RE

 
...

...
..

br
ea

d A
 b

ut
ter

 w
or

ds
 

I 
2 

pin
k &

 b
lac

k 
wo

rd
s 

1 
2 

bla
ck

 an
d 

wh
ite

 
1 

2 
bla

nk
 

1 
2

3 3 3 3

4 4 4 4

VE
RY

 
CO

M
M

ON
 

5 5 5 5

(3)
 W

hic
h 

ma
rk

ing
 d

o 
yo

u 
th

ink
 w

ou
ld 

be
 m

os
t l

ik
ely

 to
 at

tra
ct 

yo
ur

 at
ten

tio
n 

an
d 

ca
us

e 
yo

u 
to

 re
ma

rk
 th

at 
th

e s
qu

ar
es 

co
m

e i
n 

tw
o d

iff
er

en
t t

yp
es

? —
—

—
—

—
—

—
—

—
—

 
W

hic
h 

ma
rk

ing
 w

ou
ld

 b
e s

ec
on

d 
mo

st 
lik

ely
? —

—
—

—
—

—
—

—
—

—
 

W
hic

h 
ma

rk
ing

 w
ou

ld
 b

e t
hir

d 
mo

st 
lik

ely
? —

—
—

—
—

—
—

—
—

—
 

W
hic

h 
ma

rk
ing

 w
ou

ld
 b

e l
ea

st 
lik

ely
? —

—
—

—
—

—
—

—
—

—

(4)
 W

hic
h 

ma
rk

ing
 b

es
t s

ug
ge

sts
 th

e i
de

a t
ha

t s
qu

ar
es 

mi
gh

t b
e r

ela
ted

 in
 p

air
s?

(5)
 T

wo
 d

iag
on

all
y 

ad
jac

en
t s

qu
ar

es 
hi 

th
e 

tow
er

 ri
gh

th
an

d 
co

rn
er

 o
f e

ac
h 

bo
ar

d 
we

re
 

cir
cle

d. 
Th

e f
oll

ow
in

g q
ue

sti
on

 w
as

 as
ke

d 
ve

rb
all

y:

"Y
ou

 w
ill 

no
tic

e t
ha

t t
wo

 o
f t

he
 sq

ua
re

s h
av

e b
ee

n 
cir

cle
d 

on
 e

ac
h 

bo
ar

d. 
In

 th
e 

sp
ac

e 
at

 th
e t

op
 o

f e
ac

h 
bo

ar
d, 

pl
ea

se
 w

rit
e d

ow
n 

ev
er

yt
hi

ng
 y

ou
 n

ot
ice

 a
bo

ut
 th

e t
wo

 ci
rc

led
 

sq
ua

re
s."

Co
di

ng
 S

ys
te

m
 fo

r 
Ti

me
 S

pe
nt

 in
 V

ar
io

us
 P

ro
bl

em
 S

pa
ce

s
1) 

Cl
ea

n c
op

ies
 of

 ve
rb

ati
m 

tra
ns

cr
ipt

s f
or

 ei
gh

t s
ub

jec
ts 

we
re

 pr
int

ed
. O

f th
es

e e
igh

t, f
ive

 
su

bj
ec

ts 
ha

d 
a d

ela
y 

be
tw

ee
n 

fir
st 

me
nt

ion
ing

 p
ar

ity
 an

d 
ge

ne
ra

tin
g a

 ro
ug

h 
pt

oo
f . 

Th
es

e 
fiv

e t
ra

ns
cr

ipt
s w

er
e s

ub
jec

ted
 to

 fu
rth

er
 an

aly
sis

.

2)
 P

hr
as

es
, c

lau
se

s, 
or

 se
nt

en
ce

s w
er

e m
atc

he
d 

to
 on

e o
f s

ev
er

al 
pr

ob
lem

 sp
ac

es
 li

ste
d 

be
low

. T
he

 m
atc

h w
as

 ba
sed

 on
 a 

su
bj

ec
tiv

e e
sti

m
at

e o
f t

he
 si

mi
lar

ity
 b

etw
ee

n 
th

e c
on

ten
t 

of
 th

e p
hr

as
e, 

cla
us

e o
r s

en
ten

ce
, a

nd
 th

e c
on

ten
t c

rit
er

ia 
fo

r e
ac

h p
ro

ble
m 

sp
ac

e (
de

sc
rib

ed
 

be
low

). 
Ea

ch
 p

hr
as

e, 
cla

us
e, 

or
 se

nt
en

ce
 co

ul
d 

be
 as

sig
ne

d 
to

 on
ly 

on
e p

ro
ble

m 
sp

ac
e. 

In

ca
se

 o
f a

 co
nf

lic
t w

he
re

 a 
ph

ra
se 

co
uld

 b
e a

ssi
gn

ed
 to

 ei
th

er
 th

e P
AR

IT
Y 

sp
ac

e o
r a

no
th

er
 

sp
ac

e, 
th

e c
on

se
rv

at
ive

 p
oli

cy
 w

as
 ad

op
ted

 o
f a

lw
ay

s a
ssi

gn
ing

 th
at 

ph
ra

se 
to

 th
e P

AR
IT

Y 
sp

ac
e. 3) 

Pa
us

es 
we

re
 as

su
me

d 
to

 oc
cu

r i
n 

th
e s

am
e p

ro
ble

m 
sp

ac
e a

s t
he

 p
re

vio
us

 p
hr

as
e, 

cla
us

e, 
or

 se
nt

en
ce

.
4) 

It 
wa

s a
ssu

me
d t

ha
t f

or
 ea

ch
 su

bj
ec

t t
he

 ve
rb

ali
za

tio
n 

ra
te 

wa
s a

pp
ro

xim
ate

ly 
co

n
 

sta
nt

 du
rin

g t
he

 ti
me

 p
er

iod
 o

f i
nt

er
est

. B
as

ed
 on

 th
is 

as
su

mp
tio

n, 
th

e t
im

e s
pe

nt
 in

 ea
ch

 
pr

ob
lem

 sp
ac

e w
as

 ca
lcu

lat
ed

 by
 co

un
tin

g t
he

 nu
mb

er
 of

 w
or

ds
 as

so
cia

ted
 w

ith
 ea

ch
 pr

ob
 

lem
 sp

ac
e a

nd
 di

vid
ing

 by
 th

e v
er

ba
liz

ati
on

 ra
te.

 T
he

 re
su

lti
ng

 tim
es

 (p
hi

s a
ny

 pa
us

e t
im

es
) 

sp
en

t i
n e

ac
h 

pr
ob

lem
 sp

ac
e w

er
e t

he
n c

om
pu

ted
 fo

r e
ac

h 
for

 th
e f

ive
 su

bj
ec

ts.
 T

he
 m

ea
n 

pe
rc

en
tag

e o
f t

im
e s

pe
nt

 in
 ea

ch
 sp

ac
e w

as
 th

en
 ca

lcu
lat

ed
. F

or
 p

ur
po

se
s o

f T
ab

le 
2, 

th
e 

tim
e s

pe
nt

 in
 th

e M
AT

H,
 E

VE
N/

OD
D,

 A
NA

LO
GY

, R
EA

RR
AN

GE
, P

HY
SC

AL
 M

AN
IP

 
UL

AT
IO

N,
 an

d M
ET

A 
CO

M
M

EN
TS

, p
ro

ble
m 

sp
ac

es
 w

er
e c

oB
ap

sed
 in

to
 a 

sin
gle

 O
TH

ER
 

ca
teg

or
y.

5) 
Th

e p
ro

ble
ms

 sp
ac

es
 an

d t
he

ir 
de

fin
ing

 cr
ite

ria
 ap

pe
ar

'be
low

:

Pr
ob

lem
 sp

ac
e

De
fin

ing
 co

nt
en

t

Pa
rit

y a
pp

ro
ac

he
s 

Co
ve

rin
g s

pa
ce

s

M
ath

 (g
en

er
al)

 

Ev
en

/od
d 

pa
th

An
alo

gy
 to

 ot
he

r p
uz

zle
s 

Re
ar

ra
ng

e b
oa

rd

Ph
ys

ica
l m

an
ipu

lat
ion

 

M
eta

 co
m

m
en

ts

Ex
pe

rim
en

ter
 co

m
m

en
ts

An
y m

en
tio

n o
f d

ie 
ma

rk
ing

s o
n 

th
e s

qu
ar

es 
(p

ar
ity

) 
or

 m
en

tio
n o

f t
he

 fa
ct 

th
at 

a d
om

ino
 co

ve
rs

 tw
o 

sq
ua

re
s.

An
y m

en
tio

n o
f p

lac
ing

 do
mt

no
s i

n 
re

gu
lar

 pa
tte

rn
s. 

An
y c

ou
nt

ing
 o

f d
om

in
o p

lac
em

en
ts.

 A
ny

 at
tem

pt
s 

to
 co

ve
r t

he
 b

oa
rd

. D
ec

om
po

sit
ion

 o
f b

oa
rd

 in
to

 
sm

all
er

 bo
ar

ds
.

An
y n

um
er

ica
l a

na
lys

is 
of

 th
e n

um
be

r o
f s

qu
ar

es 
on

 
th

e b
oa

rd
 or

 th
e n

um
be

r r
em

ain
ing

 to
 b

e c
ov

er
ed

.
At

tem
pt

s w
hic

h 
fo

cu
s o

n 
th

e f
ac

t t
ha

t t
he

 p
ath

 b
e 

tw
ee

n 
re

mo
ve

d 
sq

ua
re

s m
ay

 h
av

e e
ve

n 
or

 od
d 

nu
mb

er
s o

f s
qu

ar
es.

At
tem

pt
s t

o r
ec

all
 or

 dr
aw

 an
alo

gie
s b

etw
ee

n 
th

e 
M

C 
pr

ob
lem

 an
d o

th
er

 pu
zz

les
/pr

ob
lem

s.
At

tem
pt

s t
o r

em
ov

e o
th

er
 sq

ua
re

s f
ro

m 
th

e b
oa

rd
 h

i 
or

de
r t

o d
ete

rm
ine

 w
he

th
er

 th
e p

ro
ble

m 
re

ma
ins

 
im

po
ssi

ble
. C

om
pa

ris
on

 o
f c

ur
re

nt
 bo

ar
d t

o o
th

er
 

po
ssi

bl
e b

oa
rd

 st
at

es
.

At
tem

pt
s t

o c
ha

ng
e p

er
sp

ec
tiv

e o
n 

th
e p

ro
ble

m 
by

 
ro

tat
ing

 th
e b

oa
rd

, d
ra

wi
ng

 on
 it

, o
r p

er
for

mi
ng

 
so

m
e o

th
er

 ph
ys

ica
l a

cti
on

.
Co

mm
en

ts 
re

ga
rd

ing
 p

ro
gr

ess
 m

ad
e s

o f
ar

 or
 hi

gh
 

lev
el 

ev
alu

at
ion

s o
f a

tte
mp

ts 
ma

de
. R

em
ar

ks
 di

 
re

cte
d 

at 
ex

pe
rim

en
ter

. E
xp

re
ssi

on
s o

f f
ru

str
ati

on
. 

Re
-re

ad
ing

 o
f t

he
 in

str
uc

tio
ns

.
An

y w
or

ds
 or

 ti
me

 u
sed

 b
y t

he
 ex

pe
rim

en
ter

 to
 

ma
ke

 co
m

m
en

ts 
or

 gi
ve

 hi
nt

s.

Co
din

g S
ys

tem
 fo

r I
nv

ar
ian

ts,
 C

om
pa

ris
on

s, 
an

d H
yp

ot
he

se
s

Ea
ch

 o
f t

he
 ei

gh
t v

er
ba

tim
 tr

an
scr

ipt
s w

er
e c

od
ed

 fo
r o

cc
ur

re
nc

es
 o

f I
NV

AR
IA

NT
S, 

CO
M

PA
RI

SO
NS

, a
nd
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