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Goals

Ø outline a specific case of phonological opacity in Polish that is a problem for strictly parallel
Optimality Theory (OT) (Prince and Smolensky 1993)

Ø provide evidence that this case of opacity is not synchronically productive

Ø construct an analysis of these data consisting of diachronically ordered strictly parallel phonologies,
with the mechanism of Lexicon Optimization (Prince and Smolensky 1993) encoding the output of
each historical stage directly into the evolving lexicon

Ø summarize implications of this analysis and issues for further study

1 Data

All data is from Jastrz«bska-okoÄ and Billip 1993, confirmed by a native speaker.  Broad IPA is used,
with [þ] and [ü] for orthographic 〈æ〉  and 〈�〉 , [J] for other palatalized sounds, and [§], [½], and [t§] for 〈sz〉 ,
〈rz〉 , and 〈cz〉 .  Modern Polish has the vowel inventory in (1).  Orthographic 〈y〉  is fronter and lower,
closer to [I], but I use [ö] to avoid discussing the evolution of Proto-Slavic [ö] to Modern Polish [I].

(1) oral nasal
i ö u

E � E) �)
A

Polish generally has a contrast in obstruent voicing, but word-final obstruents must always be voiceless:

(2) klup klubö Ôclub (SG/PL)Õ
þlAt þlAdö Ôremnant (SG/PL)Õ
b½Ek b½EgJi Ôedge (SG/PL)Õ

[�] is banned before word-final voiced oral consonants; [u] appears instead:

(3) stuw st�wö ÔtableÕ
swuj sw�jE ÔpotÕ
mul m�lE ÔmothÕ
dvur dv�rö ÔmansionÕ

The generalizations in (2) and (3) interact opaquely in the data in (4), with the [�]~[u] alternation
ÔoverapplyingÕ where it should not, before (surface) voiceless obstruents:

(4) grup gr�bö ÔgraveÕ
rut r�dö ÔfamilyÕ
stuk st�gJi ÔstackÕ

This type of opacity cannot be analyzed in strictly parallel OT:
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(5) *d# voiced obstruents cannot appear word-finally
*�d# [�] cannot appear before word-final voiced oral consonants
ID-hi do not change vowel height from input to output
ID-voi do not change voicing from input to output

(6) /r�d/ *d# ID-voi *�d# ID-hi
☛ a. rut * *
� b. r�t *

c. rud * *
d. r�d * *

Problem: The opaque ☛ candidate [rut] (6a) is harmonically bounded by the �-marked transparent
candidate [r�t] (6b).  Thus, no constraint ranking can get the opaque output as the winner.

Various analyses have been proposed to solve this type of problem in OT: sympathy (McCarthy 1999),
turbidity (Goldrick and Smolensky 1998, Goldrick 2000), multiple levels (Goldsmith 1993, Inkelas and
Orgun 1995, Kiparsky in press), etc.  The common assumption (and motivating factor) behind these
analyses is that opacity can be synchronically productive (non-OT analyses with this same assumption
include Gussman 1980, Rubach 1984, and Kenstowicz 1994).

Proposal: Following the predictions of strictly parallel OT, assume opacity cannot be synchronically
productive.  Instead, opacity arises via a series of diachronically ordered parallel phonologies.  The
results of each stage of the grammar are encoded in the lexicon, and opacity is thus lexically memorized
and never productive.

2 Productivity

There are two ways to test productivity: find lexical exceptions (especially in loanwords) and examine
the phonology of nonsense words.

There are many lexical exceptions for the ban on [�] before sonorants (7) and before voiceless
obstruents which are voiced when non-final (8):

(7) �þ�w *�þuw ÔdonkeyÕ
AnJ�w *AnJuw ÔangelÕ
k�vb�j *k�vbuj ÔcowboyÕ
x�l *xul ÔlobbyÕ
pArAs�l *pArAsul ÔumbrellaÕ
p�r *pur ÔleekÕ
k�l�r *k�lur Ôcard suitÕ

(8) gl�p *glup ÔglobeÕ cf. gl�bö ÔglobesÕ
sn�p *snup ÔsnobÕ cf. sn�bö ÔsnobsÕ
EpJiz�t *EpJizut ÔepisodeÕ cf. EpJiz�dö ÔepisodesÕ
k�t *kut ÔcodeÕ cf. k�dö ÔcodesÕ
nEkr�l�k *nEkr�luk ÔobituaryÕ cf. nEkr�l�gJi ÔobituariesÕ
pr�l�k *pr�luk ÔprologueÕ cf. pr�l�gJi ÔprologuesÕ
x�wt *xuwt ÔhomageÕ cf. x�wdö ÔhomagesÕ
rEk�rt *rEkurt ÔrecordÕ cf. rEk�rdö ÔrecordsÕ
fJ�rt *fJurt ÔfjordÕ cf. fJ�rdö ÔfjordsÕ
t§�wk *t§uwk ÔtankÕ cf. t§�wgJi ÔtanksÕ

Additionally, I conducted experiments in which two native speakers produced singulars from plurals (9).
The results were similar to (8), with no [�]~[u] alternation (further details in Appendix):

(9) ünAb�t *ünAbut from ünAb�dö þrAb�k *þrAbuk from þrAb�gJi
p§Ak�t *p§Akut from p§Ak�dö §lAp�k *§lApuk from §lAp�gJi
§tAp�t *§tAput from §tAp�dö smAt�k *smAtuk from smAt�gJi
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 P

o
lish

 d
e
vo

icing
 a

nd
 1

st vo
w
e
l ra

ising
 (1

4
th

 ce
ntury

)

T
h

e R
o

tB
 p

h
ase o

p
eratin

g
 o

n
 p

re-P
o

lish
 o

u
tp

u
ts d

eriv
es th

e sam
e h

ierarch
y

 as in
 (2

0
).

T
h

e in
p

u
t /r�ùd/ o

u
tp

u
ts as [r�ùd] an

d
 is m

o
re faith

fu
l (id

en
tical, in

 fact) to
 [r�ùd] th

an
 an

y
 o

th
er in

p
u

t
w

h
ich

 o
u

tp
u

ts as [r�ùd], so
 b

y
 stro

n
g

 L
O

, /r�ùd/ is selected
 as th

e U
R

 fo
r [r�ùd].  C

ru
cially

, th
e p

lu
ral U

R
is /r�dö/, w

ith
o

u
t u

n
d

erly
in

g
 len

g
th

 (ag
ain

, id
en

tical to
 th

e o
u

tp
u

t).  W
eak

 L
O

 w
o

u
ld

 sto
re th

is p
air as

/r�d/ an
d

 /r�dö/, w
ith

 u
n

d
erly

in
g

 id
en

tity
.

In
 late O

ld
 P

o
lish

, tw
o

 D
S

C
s o

ccu
rred

: d
ev

o
icin

g
 o

f w
o

rd
-fin

al o
b

stru
en

t an
d

 raisin
g

 o
f lo

n
g

 m
id

v
o

w
els.  C

U
E-v

o
i reran

k
ed

 o
v

er ID
-v

o
i fo

rces w
o

rd
-fin

al o
b

stru
en

t d
ev

o
icin

g
:

(2
2
)

/r�ùd/
C

U
E
-v

o
i

ID
-v

o
i

☞
a.

r�3ùt
*

b
.

r�3ùd
*

!
c.

r�3d
*

*
!

R
aisin

g
 o

f [�ù] to
 [�3ù] req

u
ires n

u
m

ero
u

s reran
k

in
g

s in
 late O

ld
 P

o
lish

:

6

¥ *�ù >>
  ID

-h
i, *�3 (to

 allo
w

 raisin
g

 to
 o

ccu
r at all);

¥ ID
-µ

 >>
 *

V
ù (to

 p
reserv

e u
n
d

erly
in

g
 len

g
th

 fro
m

 su
rfacin

g
); an

d
¥ ID

-h
i >>

 *�3 (to
 p

rev
en

t [�ù] fro
m

 raisin
g

 all th
e w

ay
 to

 [uù]):

(2
3

)
/r�ùd/

*�ù
ID

-µ
*
V
ù

ID
-h

i
*�3

*�
*u

☞
a.

r�3ùt
*

*
*

b
.

ruùt
*

*
*

!
*

c.
r�t

*
!

*
d

.
r�ùt

*
!

*
*

T
h

e co
n

strain
t h

ierarch
y

 fo
r late O

ld
 P

o
lish

 is:

(2
4

)
C

U
E
-v

o
i

g¹
ID

-v
o

i
*�ù

g
¸¸ ¸¸

ID
-µ

ID
-h

i
G

G
*

V
ù

*�3g*�g*u

3
.4

 M
id
d
le
 P

o
lish

 vo
w
e
l sh

o
rte

ning
 (1

6
th

 ce
ntury

)

T
h

e lan
g

u
ag

e learn
er h

ears b
o

th
 [r�t] an

d
 [r�3ùt] (early

 p
re-P

o
lish

 r�t an
d

 r�d
) 

w
ith

 
n

o
 

su
rface

en
v

iro
n

m
en

t to
 trig

g
er len

g
th

.  T
h

u
s, u

n
d

erly
in

g
 lo

n
g

 v
o

w
els m

u
st b

e allo
w

ed
 to

 su
rface, so

 ID
-µ

Ê>>
*

V
ù.

V
o

icin
g

 is m
ax

im
ally

 cu
ed

, so
 C

U
E
-v

o
i >>

 *�ù, ID
-v

o
i, ID

-µ
 (n

o
te th

at th
e late p

re-P
o

lish
 ran

k
in

g
b

etw
een

 ID
-v

o
i an

d
 ID

-µ
 d

o
es n

o
t ex

ist in
 early

 M
id

d
le P

o
lish

 b
ecau

se it is n
o

t n
ecessary

; th
e ran

k
in

g
 in

late p
re-P

o
lish

 is m
erely

 a h
o

ld
o

v
er fro

m
 th

e earlier, p
re-D

S
C

 p
re-P

o
lish

 g
ram

m
ar).

O
n

e step
 raisin

g
 o

f [�ù] is o
b

lig
ato

ry
 in

 early
 M

id
d

le P
o

lish
, so

 *�ù >>
 ID

-h
i >>

 *�3 >>
 *� >>

 *u
 still h

o
ld

s:

(2
5

)
C

U
E
-v

o
i

Ïg¹
ID

-v
o

i
ID

-µ
*�ù

g
g

*
V
ù

ID
-h

i
g*�3g*�g*u

L
O

 o
p

erates ju
st as b

efo
re, w

ith
 th

e in
p

u
t id

en
tical to

 its o
u

tp
u

t b
ein

g
 sto

red
 as th

e U
R

.  T
h

u
s, /r�3ùt/ is

sto
red

 as th
e U

R
 fo

r Ôfam
ily

Õ.

In
 late M

id
d

le P
o

lish
, all lo

n
g

 v
o

w
els sh

o
rten

ed
.  T

h
is D

S
C

 req
u

ires *
V
ù to

 reran
k

 o
v

er C
U

E
-v

o
i to

p
rev

en
t v

o
w

el len
g

th
en

in
g

 b
efo

re so
n

o
ran

ts (h
y
p

o
th

etical U
R

 /dAùr/):

(2
6

)
/dAùr/

*
V
ù

C
U

E
-v

o
i

☞
a.

dAr
*

b
.

dAùr
*

!
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B
ecau

se C
U

E-v
o

i w
as alread

y
 ran

k
ed

 o
v

er ID
-µ

, *
V
ù tran

sitiv
ely

 o
u

tran
k

s  ID
-µ

 as w
ell:

(2
7

)
/r�3ùt/

*
V
ù

C
U

E
-v

o
i

ID
-µ

☞
a.

r�3t
*

b
.

r�3ùt
*

!

(2
8

)
*

V
ùG

C
U

E
-v

o
i

Ïg¹
ID

-v
o

i
ID

-µ
*�ùgID
-h

i
g*�3g*�g*u

3
.5

 M
o
d
e
rn P

o
lish

 2
nd

 vo
w
e
l ra

ising
 (1

8
th

 ce
ntury

)

A
s in

 early
 M

id
d

le P
o

lish
, R

o
tB

 in
 early

 M
o

d
ern

 P
o

lish
 resu

lts in
 a slig

h
tly

 d
ifferen

t g
ram

m
ar th

an
 its

p
red

ecesso
r (2

7
).  T

h
e lan

g
u

ag
e learn

er h
ears n

o
 sh

o
rt v

o
w

els, so
 *

V
ù >

>
 C

U
E-v

o
i, Id

-µ
.

W
o

rd
-fin

al d
ev

o
icin

g
 is still p

ro
d

u
ctiv

e, so
 C

U
E-v

o
i >

>
 ID

-v
o

i.

F
in

ally
, sin

ce th
e lan

g
u

ag
e learn

er h
ears b

o
th

 [r�t] an
d

 [r�3t], early
 M

o
d

ern
 P

o
lish

 m
u

st h
av

e ID
-h

i >
>

 *�3
>

>
 *� >

>
 *u

 to
 allo

w
 [�3] to

 su
rface.

S
in

ce *
V
ù is u

n
v

io
lated

, *�ù ag
ain

 p
lay

s n
o

 ro
le an

d
 is u

n
ran

k
ab

le.

(2
9

)
*

V
ù

*�ù
ID

-h
i

Ïg
g

C
U

E
-v

o
i

ID
-µ

*�3
g

g
ID

-v
o

i
*�g*u

B
y

 L
O

, th
e U

R
 fo

r [r�3t] Ôfam
ily

Õ w
ill b

e th
e in

p
u

t id
en

tical to
 it: /r�3t/.

L
ate M

id
d

le P
o

lish
 in

tro
d

u
ces fu

rth
er v

o
w

el raisin
g

 as a D
S

C
, ch

an
g

in
g

 /�3/ in
to

 [u] (in
 so

m
e d

ialects,
th

is h
as n

o
t o

ccu
rred

, an
d

 [�3] is still d
istin

ct fro
m

 [�] an
d

 [u]).  T
h

is D
S

C
 req

u
ires reran

k
in

g
 ID

-h
i o

v
er

*�3 (u
n

iv
ersal ran

k
in

g
 o

f *� o
v

er *u
 en

su
res th

at raisin
g

, n
o

t lo
w

erin
g

, w
ill satisfy

 *�3):

(3
0
)

/r�3t/
*�3

ID
-h

i
*�

*u
☞

a.
rut

*
*

b
.

r�t
*

*
!

c.
r�3t

*
!

T
h

e fin
al co

n
strain

t ran
k

in
g

 fo
r late M

o
d

ern
 P

o
lish

 is:

8

(3
1

)
*

V
ù

*�ù
*�3

Ïg
G

C
U

E
-v

o
i

ID
-µ

ID
-h

i
g

g
ID

-v
o

i
*�g*u

A
s ex

p
ected

, u
n

d
erly

in
g

 /r�d/ d
o

es n
o

t em
erg

e w
ith

 d
ev

o
icin

g
 an

d
 fu

ll raisin
g

 as [rut] w
ith

 th
is

co
n

strain
t ran

k
in

g
.  R

ath
er, it is ren

d
ered

 tran
sp

aren
tly

 as [r�t].  T
h

e o
p

acity
 ram

p
an

t in
 th

e lex
ico

n
 is

n
o

t sy
n

ch
ro

n
ically

 p
ro

d
u

ctiv
e (cf. (6

)):

(3
2

)
/r�d/

*
V
ù

ID
-µ

C
U

E
-v

o
i

ID
-v

o
i

*�3
ID

-h
i

☞
a.

r�t
*

b
.

rut
*

*
!

c.
r�3t

*
!

*
d

.
r�ùd

*
!

*
!

*

4
 S

um
m
a
ry

 a
nd

 so
m
e
 a

re
a
s fo

r furth
e
r stud

y

Ø
O

p
acity

 in
 P

o
lish

 in
v

o
lv

in
g

 [�]~[u] altern
atio

n
 an

d
 w

o
rd

-fin
al o

b
stru

en
t d

ev
o

icin
g

 sh
o

u
ld

 n
o

t b
e a

p
ro

b
lem

 fo
r sy

n
ch

ro
n

ic p
arallel p

h
o

n
o

lo
g

y
 sin

ce th
e [�]~[u] altern

atio
n

 seem
s n

o
t to

 b
e p

ro
d

u
ctiv

e.

Ø
T

h
e fram

ew
o

rk
 o

f d
iach

ro
n

ically
 o

rd
ered

 p
arallel p

h
o

n
o

lo
g

ies d
ev

elo
p

ed
 in

 th
is talk

 can
 b

e u
sed

 to
acco

u
n

t fo
r g

en
eral h

isto
rical so

u
n

d
 ch

an
g

e b
u

t is sp
ecifically

 w
ell-su

ited
 fo

r ex
p

lain
in

g
 h

isto
rical

o
p

acity
 th

at is n
o

 lo
n

g
er sy

n
ch

ro
n

ically
 p

ro
d

u
ctiv

e.

Ø
I h

av
e u

sed
 th

is fram
ew

o
rk

 to
 an

aly
ze a p

u
rp

o
rted

 case o
f o

p
acity

 in
 P

o
lish

, sh
o

w
in

g
 h

o
w

 a series o
f

so
u

n
d

 ch
an

g
es an

d
 reg

u
lar lex

ico
n

 o
p

tim
izatio

n
 h

av
e led

 to
 o

p
acity

 b
ein

g
 en

co
d

ed
 d

irectly
 in

to
 th

e
lex

ico
n

 b
u

t b
ein

g
 ren

d
ered

 sy
n

ch
ro

n
ically

 u
n

p
ro

d
u

ctiv
e, m

atch
in

g
 lex

ical an
d

 ex
p

erim
en

tal resu
lts.

R
a
isin

g
?

 In
 late M

o
d

ern
 P

o
lish

, E3 >
 E, lo

w
erin

g
 in

stead
 o

f raisin
g

 lik
e its b

ack
 co

u
n

terp
art [�3].  T

h
is

d
ifferen

ce in
 m

id
 v

o
w

el b
eh

av
io

r co
u

ld
 b

e related
 to

 th
e m

ig
ratio

n
 o

f P
ro

to
-S

lav
ic [ö] to

 M
o

d
ern

 P
o

lish
[I], w

h
ich

 cro
w

d
ed

 th
e fro

n
t v

o
w

el sp
ace an

d
 m

ay
 h

av
e fo

rced
 [E3] to

 lo
w

er in
 o

rd
er to

 b
e m

o
re

p
ercep

tu
ally

 d
istin

ct fro
m

 [I].

N
a
sa

l co
d
a
s?

  N
asals d

o
 n

o
t trig

g
er [�]~[u] altern

atio
n

, th
o

u
g

h
 th

ey
 trig

g
ered

 v
o

w
el len

g
th

en
in

g
 in

p
re-P

o
lish

.  T
h

e v
o

w
el w

as p
ro

b
ab

ly
 also

 n
asalized

.  D
u

e to
 reso

n
an

ce in
 th

e u
n

ch
an

g
in

g
 n

asal cav
ity

,
all n

asal seg
m

en
ts h

av
e a fix

ed
 n

asal fo
rm

an
t, F

N
, h

ig
h

er th
an

, b
u

t clo
se to

, F
1

 fo
r m

id
 v

o
w

els.  T
h

ere is
p

ercep
tu

al b
lu

rrin
g

 o
f F

1
 an

d
 F

N
, w

ith
 F

1
 so

u
n

d
in

g
 h

ig
h

er, w
h

ich
 m

ean
s th

e v
o

w
el so

u
n

d
s lo

w
er.  T

h
is

lo
w

erin
g

 effect m
ay

 h
av

e sh
ield

ed
 th

e v
o

w
els fro

m
 O

ld
 P

o
lish

 raisin
g

.

N
a
sa

l vo
w
e
ls?

  T
h

ere is an
 altern

atio
n

 b
etw

een
 〈�〉 an

d
 〈«〉, as in

 z�
b

~
z«b

y Ôto
o

th
 (S

G
/P

L
)Õ, in

 m
an

y
 o

f
th

e sam
e en

v
iro

n
m

en
ts as th

e [�]~[u] altern
atio

n
.  P

ro
to

-S
lav

ic d
istin

g
u

ish
ed

 fro
n

t an
d

 b
ack

 n
asal

v
o

w
els, b

u
t th

ese v
o

w
els ev

en
tu

ally
 m

erg
ed

 in
to

 o
n

e, o
ften

 w
ritten

 as 〈φ〉.  L
ik

e all v
o

w
els, 〈φ〉

len
g

th
en

ed
 b

efo
re w

o
rd

-fin
al v

o
iced

 co
n

so
n

an
ts.  T

h
is lo

n
g

 〈φφ〉 ev
en

tu
ally

 b
ecam

e a b
ack

 n
asal v

o
w

el
(M

o
d

ern
 P

o
lish

 〈�〉) w
h

ile sh
o

rt 〈 φ〉 fro
n

ted
 to

 M
o

d
ern

 P
o

lish
 〈«〉.  T

h
is altern

atio
n

 is o
p

aq
u

e, lik
e th

e
[�]~[u] altern

atio
n

, an
d

 it sh
o

u
ld

 b
e p

o
ssib

le to
 an

aly
ze it w

ith
in

 th
is fram

ew
o

rk
.
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A
p
p
e
nd

ix

T
h

e tw
o

 su
b

jects w
h

o
 h

av
e tak

en
 p

art in
 th

is ex
p

erim
en

t so
 far are: M

J, a m
ale in

 h
is m

id
-3

0
s o

f
u

n
co

n
firm

ed
 d

ialect, w
h

o
 h

as b
een

 in
 th

e U
n

ited
 S

tates fo
r o

v
er 1

0
 y

ears; an
d

 K
N

, a fem
ale teen

ag
er

fro
m

 W
arsaw

, w
h

o
 h

ad
 b

een
 in

 th
e U

n
ited

 S
tates fo

r ap
p

ro
x

im
ately

 th
ree m

o
n

th
s at th

e tim
e o

f th
e

ex
p

erim
en

t.

T
h

e su
b

jects w
ere g

iv
en

 3
 rep

etitio
n

s each
 o

f th
e fo

llo
w

in
g

 ty
p

es o
f sen

ten
ces (sp

o
k

en
 b

y
 a fem

ale
n

ativ
e sp

eak
er o

f P
o

lish
 in

 h
er 2

0
s o

f u
n

co
n

firm
ed

 d
ialect), in

 w
h

ich
 th

e u
n

d
erlin

ed
 w

o
rd

, a n
o

n
sen

se
n

o
u

n
 in

 th
e m

ascu
lin

e n
o

m
in

ativ
e p

lu
ral, w

as th
e o

n
ly

 v
ariab

le:

(3
3

)
B

ard
zo

 ¸ad
n

e cztap
o

d
y

 d
a¸y

 Jan
k

o
w

i k
aw
«, n

ie h
erb

at«.
B

ard
zo

 ¸ad
n

e sm
ato

g
i d

a¸y
 Jan

k
o

w
i k

aw
«, n

ie h
erb

at«. (etc.)
ÔT

h
e v

ery
 p

retty
 cztap

u
d

s (sm
ato

g
s, ...) g

av
e Jo

h
n

 co
ffee, n

o
t tea.Õ

T
h

e su
b

jects w
ere ask

ed
 to

 say
 th

e fo
llo

w
in

g
 sen

ten
ce th

ree tim
es, w

ith
 th

e ap
p

ro
p

riate fo
rm

 o
f th

e
n

o
n

sen
se w

o
rd

 in
 th

e b
lan

k
:

(3
4

)
Jed

en
 b

ard
zo

 ¸ad
n

y
 _

_
_

_
_

_
 p

o
ýy

czy
¸ Jan

k
o

w
i i p

ien
i�d

ze, i k
o

szu
l«.

ÔO
n

e v
ery

 p
retty

 _
_

_
_

_
_

 len
t Jo

h
n

 b
o

th
 m

o
n

ey
 an

d
 a sh

irt.Õ

T
h

e v
alid

 fo
rm

 to
 g

o
 in

 th
e b

lan
k

 is th
e m

ascu
lin

e n
o

m
in

ativ
e sin

g
u

lar, w
h

ich
 d

ro
p

s th
e v

o
w

el en
d

in
g

 o
f

th
e p

lu
ral, an

d
 creates th

e en
v

iro
n

m
en

t fo
r b

o
th

 raisin
g

 o
f [�] to

 [u] an
d

 fo
r d

ev
o

icin
g

.  T
h

u
s, th

ese
fo

rm
s sh

o
u

ld
 b

e o
p

aq
u

e if th
is case o

f o
p

acity
 is p

ro
d

u
ctiv

e.

F
1

, th
e p

h
o

n
etic co

rrelate o
f h

eig
h

t, w
as m

easu
red

 fo
r th

e fin
al v

o
w

el o
f all o

f M
JÕs to

k
en

s o
f th

e
relev

an
t n

o
n

sen
se w

o
rd

s.  T
h

ese m
easu

rem
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