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ay com
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IaIt 1D

C
IIIO

rieI.
S

ucb m
odels predict bIeIId enon duriaa cued recall. T

o eum
iD

e m
em

ory bIeodiaa duriaa
recall, four e

a
p
e
n
a
.
u
.
 
w
e
r
e
 perform

ed, ID
 eacb eaperim

eD
t,lU

ticc1l rated the plauaibility
o
r
 
a
e
v
e
n
l
l
C
D
l
e
n
c
:
e
a
.
 
D
I
l
D
Y
 
o
I
w
b
i
l
:
b
 
I
I
w
e
d
 
w
o
n
t
l
 
w
i
t
h
 
O
D
e
 
o
t
h
e
r
 
1
C
D
t
e
D
C
:
C
,
 
L
8
1
e
t
,they w

ere
uked to recall w

ordI from
 . IinaIe a

e
D
I
C
I
I
C
C
 
t
o
 com

plete JI8I1iakeD
IC

IIC
C

 C
IIC

I, W
beD
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cue m

atched tw
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bjectllll8de bIeod enon, rec:8IIiD
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D
e W

O
ld &

om
 C

IIC
b

lIudy IC
D

lC
nce m

ore I'requenlly 
I
h
8
D
 
i
n
 
.
 
a
I
I
I
l
r
o
I
 
C
O
D
d
i
I
i
o
D
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lead enon w
ere relatively

inf'reqU
C

D
I. how

ever. occ:lIIriD
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M
any C

U
JT

C
nt m

odels of m
em

ory ac:c:ount
not only for recall and rec:opition perfor-
m

ance, but also for the prototypiq and
generalization found in concept form

ation
experim

ents (K
napp &

. A
nderson, 1984;

M
c
C
l
e
l
l
a
n
d
,
 
1
9
8
1
;
 
M
c
C
l
e
l
l
a
n
d
 
&
.
 
R
u
m
e
l
-

hart, 1985). A
s a class, such m

odels m
ight

be called trace synthesis m
odels, because

in aU
 of them

 the representation retrieved at
recaU

 is som
e form

 of synthesis of m
ultiple

m
em

ory traces, V
arious m

odels differ in
t
h
e
i
r
 
c
h
o
i
c
e
 
o
f
 
s
t
o
r
a
g
e
 
r
e
p
r
e
s
e
n
t
a
t
i
o
n
s
;

som
e store each trace separately (M

cC
lel-

land, 1981; H
intzm

an, 1986) w
hile others

u
s
e
 
s
u
p
e
r
i
m
p
o
s
e
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o
r
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 C
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J
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d
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o
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U
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odel, U
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ell U

 M
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m
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yllrom
, D

c
p
a
n
m
c
a
t
 
o
r

PsycbolotJy, C
am

qie M
ellon U

D
ivcnilY

, PinsburaIa,
PA
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i
n
v
o
l
v
i
q
 
m
a
t
r
i
c
e
s
 
(
H
i
n
t
o
n
 
&
.
 
A
n
d
e
r
s
o
n
,

1981; M
cC

lelland &
: R

um
elhart, 198';

H
um

phreys, B
ain, .\ P

ike, 1
9
8
9
)
 
o
r
 
v
e
c
t
o
r

c
o
n
v
o
l
u
t
i
o
n
s
 
(
M
c
t
c
a
l
f
e
 E

ic:h, 1982; M
ur-

dock, 1982). R
cprdless of the form

 of rep-
resentation how

ever, retrieval processes in
all of these m

odels can lead to prototypina
because they involve an activation of m

ore
than one trace to produce a set of properties
that m

ight not correspond to a sinJle trace
as originally stored.

C
onsequently, it w

ould seem
 that any of

these m
odels w

ould also predict abundant
C

IT
O

l'S 
d
u
r
i
Q
 
n
o
r
m
a
l
 

rec:aU
-blend 

errors,
m

ixing properties from
 m

ore than one
trace. For m

odels w
hich store each trace

separately, this synthesis of m
ultiple traces

could oc:c:ur duriQ
 retrieval, w

hile for m
0d-

els w
hich superim

pose traces in m
em

ory,
the synthesis could oc:c:ur duriQ

 stonac, It
appears that the synthesis-at-retrieval and
t
h
e
 
s
y
n
t
h
e
s
i
s
-in-stonac classes of m

odels
m

ake sim
ilar predictions in m

ost circum
-

stances (M
cC

leU
and &

. R
um

elhart, 198.S)
and this paper is not intended to distinauish
betw

een them
.

N
ot aU

 m
odels of m

em
ory retrieval as-

sum
e that recall involves a synthesis of

m
ultiple m

em
ory traces, how

ever. Som
e

m
odels view

 the recall process as a search
through m

em
ory to find just one single

591
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trace w
hose properties satisfactorily m

atch
a cue. T

races m
ight be view

ed as files, w
ith

the task of recall as the selection of a file
from

 w
hich to read aU

 thc desired inform
a-

tion. M
ost m

em
ory m

odels before the 1980s
had this character. It w

ould be possible in
s
u
c
h
 
a
 
" singlc-tracc

"
 
m
o
d
e
l
 
t
o
 synthcsizc

traces during cncoding: one could im
aginc

that as som
eone encoded a ncw

 trace, they
m

ight havc brought older traces to m
ind

and form
ed a new

 com
positc trace relating

thcm
 all, N

otc that this lim
ited form

 of trace
s
y
n
t
h
e
s
i
s
 
i
s
 
a
v
a
i
l
a
b
l
e
 
i
n
 
s
y
n
t
h
e
s
i
s
-
a
t
-

retrieval or synthesis- in-stol'88e m
odels as

w
ell and w

ould be better characterized as
an elaboration than as a blend, B

ecause sin-
gle- trace m

odels do not synthesize m
ultiple

traces during either storage or retrieval,
they can easily avoid blend errors-ahough,
o
n
 
t
h
e
 
o
t
h
e
r
 
h
a
n
d
,
 
t
h
e
y
 
d
o
 
n
o
t
 
a
u
t
o
m
a
t
i
-

cally yield the prototyping or generalization
benefits found in the other m

odels.
Shiffrin

s S
A

M
 m

odel of associative
m

em
ory (R

aaijm
akers &

 Shiffrin, 1
9
8
1
;
 
G
i
I
-

lund &
 Shiffrin, 1984) provides one exam

-
ple of a singlc-tracc m

odel. In the S
A

M
m

odel, cued recall proceeds as a probabi-
listic selection of a singlc trace from

 the
collection of all traces. T

he probability of
selecting a liven trace is essentially a func-
t
i
o
n
 
o
f
 
a
 
b
a
s
e
l
i
n
e
 
s
t
r
e
n
g
t
h
 
o
f
 
t
h
c
 
t
r
a
c
e
 
a
s

w
cll as the degree of m

atch betw
een the

cuc
s properties and the trace

s properties,
O

ncc selected, all properties of thc trace
are accessible, and no other traces w

ill be
accessed. A

nother prom
inent single-trace

m
o
d
e
l
 
i
s
 
A
n
d
e
r
s
o
n

s A
C

T
 theory (1976;

1
9
8
3
)
,
 
w
h
i
c
h
 
r
e
p
r
e
s
e
n
t
s
 
e
p
i
s
o
d
i
c
a
l
l
y
 
o
r

gram
m

atically related inform
ation as being

subsum
ed under a single " trace

"
 
n
o
d
e
;
 
t
h
e

goal of recall is the selection of one of the
p
o
s
s
i
b
l
e
 
t
r
a
c
e
 
n
o
d
e
s
,
 
a
s
 
a
 
f
u
n
c
t
i
o
n
 
o
f
 
t
h
e

activation of the nodes subsum
ed under it.

A
s w

ith S
hiffrin

s
 
m
o
d
e
l
,
 
o
n
c
e
 
a
 single

trace is selected, all of its constituent infor-
m

ation (the subsutr.cd nodcs) can be re-
tricved w

ithout interference from
 other

traces. N
either m

odel predicts blend er-
rors.

W
e can see then that single-trace and

trace synthesis m
odels m

ake contrasting
predictions about the existence of blend er-
rors during recall. Single-trace m

odels pre-
dict that traces should not be blended, be-
cause tl\ey retrieve each trace as an intact
w

hole, B
y contrast, synthesis-at-retrieval

and synthesis- in-storage m
odcls seem

 to
predict an abundance of blend errors, be-
cause they fail to explicitly keep each trace
intact during thc recall process, T

he intent
of this paper, therefore, is not to separate
synthesis-at-retrieval from

 synthesis- in-
storage m

odels. For now
, w

e w
ill set syn-

thesis- in-storage m
odels aside, and return

to them
 in the G

eneral D
iscussion. R

ather,
the purpose of this paper is to exam

ine the
phenom

enon of blend errors during recall in
order to assess the validity of predictions
from

 the synthesis-at-retrieval account; to
explore w

hether a coherent fit to a body of
data can be obtained from

 a m
odel of that

type; and to exam
ine w

hether and to w
hat

extent the data are consistent w
ith the other

types of m
odels,

T
he particular synthesis-at-retrieval

m
odcl that w

c w
ill consider hcrc is the

m
o
d
e
l
 
o
f
 
M
c
C
l
e
l
l
a
n
d
 (1981). M

cC
lelland

outlined a connectionist m
odel of m

em
ory

w
herein each trace consists of one "

in-

stancc
"
 
u
n
i
t
 
r
e
p
r
e
s
e
n
t
i
n
g
 
t
h
e
 
t
r
a
c
e
 
a
s
 
a

w
holc along w

ith " property
" units for cach

o
f
 
t
h
e
 
t
r
a
c
e

s properties, P
roperty units

w
ithin a trace reinforce each others ' activa-

tion through bidirectional connectiolls to a
central instance unit, w

hile inhibiting the
activation of alternative property units
from

 other traces (see Fig, I), T
races w

hich
share a property actually share the sam

e
property unit. D

uring retrieval, every tracc
in m

em
ory can therefore becom

e active to
the extent that it shares the properties of a
recall cue, represented by activating som

e
property units, as w

ell as to the extent that
its properties reinforce one another through
the instance unit, T

he inhibition betw
een

non-shared properties of different traces
also influences the final activation of a trace
as sim

ilar traccs com
pete for activation.

F
I
G
,
 
I
,
 
T
h
e
 
s
y
n
t
h
e
s
i
s
-
a
t
-
r
e
l
n
c
n
l
 
m
o
d
e
l
 
o
f
 
M
c
C
l
e
l
l
a
n
d
 
(
1
9
8
1
)
,
 T

he sotid black units in the central
pool are the instance units, w

hile tile units w
ith nam

es arc tile property units. T
he units c:oonec:teII w

ith

double-headed anow
s arc m

ulually U
C

ilalO
f)', A

ll tile units w
ilhin tile sam

e pool arc m
utually iahib-

iiO
f)',

T
hose property units w

hich ultim
ately re-

m
ain active after a settlins period of activa-

tion and com
petition constitute the recalled

inform
ation, regardless of w

hether thcy all
occurred in thc sam

e trace. T
herefore, if

tw
o traces share properties that are all ac-

tivated by a recall cue, after a settling pe-
riod, som

e of one of the trace
s
 
u
n
i
q
u
e

properties m
ight be active w

hile som
e of

t
h
e
 
o
t
h
e
r
 
t
r
a
c
e

s unique properties re-
m
a
i
n
e
d
 
a
c
t
i
v
e
-
a
 situation leading to a

blend error.
T

he question therefore ariscs: Is there
any evidence that blend errors really do cx-
ist? Past experim

ents have suggested that
m

em
ories for facts and experiences can in-

deed com
bine w

ith each other. For in-
stance, the body of literature dealing w

ith
story recall, dating back to the w

ork of B
art-

lett (1932), has dem
onstrated that subjects

tend to m
isrem

em
ber portions of stories in

accord w
ith their ow

n bacqround know
l-

edge, H
ow

ever, it is not entirely clear to
w

hat degree subjects in these experim
ents

h
a
d
 
a
c
t
i
v
c
l
y
 
e
l
a
b
o
r
a
t
e
d
 
o
n
 
a
 
s
t
o
r
y
 
d
u
r
i
n
s

m
em

ory encodins, tryins to m
ake sense of

an unfam
iliar text by integrating their past

know
ledge w

ith their m
em

ory for the story,
S

im
ilar reservations apply w

hen evaluating
m

ore recent w
ork on integrative m

em
ory

for sentences follow
in. B

ransford and
Franks (1971); the blendins of sim

ilar sen-
tences in these experim

ents m
ay w

ell have
o
c
c
u
r
r
e
d
 
d
u
r
i
n
s
 
e
n
c
o
d
i
n
g
.
 
A
s
 
w
e
 
D
o
t
e
d
 
e
a
r
-

lier, though, all m
odels allow

 for trace syn-
thesis during encodins, E

ven single-trace
m

odels can easily account for " blends
"
 
i
n

circum
stances w

here subjects com
bined in-

form
ation during encoding, because the

traces form
ed during such encodins w

iD
t
h
e
m
s
e
l
v
e
s
 
a
l
r
e
a
d
y
 
r
e
p
r
e
s
e
n
t
 
" blended"

inform
ation, For instance, if a subject has

consciously com
bined tw

o sentences shar-
ins an agent, thereby fonnins a new

 i8rgcr
trace, subsequent cueing w

ith that agent
can brins forth the com

bined sentence trace
a
s
 
a
 

single 
trace. 1berefore, in order to dis-

tinguish single-trace from
 synthesis.at.

retrieval m
odels, the focus of an investip-

tion m
ust be directed to blending of sim

ilar

common
Pencil

common
Pencil
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separate m
em

ory traces at the tim
e of re-

trieval and not durins enc:odins.
E
x
p
e
r
i
m
e
n
t
s
 
b
y
 
L
o
f
t
u
s
 
o
n
 
e
y
e
w
i
t
n
e
s
s

testim
ony (Loftus, 1977; Loftus, M

iller, &
.

B
urns, 1978) first introduced the term
blendins. "

 
T
h
e
s
e
 studies su8lested that

subjects blend their m
em

ories of an event
w
i
t
h
 
l
a
t
e
r
 
m
i
s
l
e
a
d
i
n
g
 
i
n
f
o
r
m
a
t
i
o
n
 w

hen
asked to recaU

 details of the event. L
oftus

claim
ed that subjects ' original episodic

m
em

ories had been integrated w
ith the

postevent inform
ation, H

ow
ever, critiques

by M
cC

loskey and Z
ansoza (l98.5a, I98Sb)

raise the valid concern that L
oftus ' experi-

m
ental design inadequately controU

ed a de-
m

and characteristic: that w
ould lead sub-

jects to respond w
ith blended inform

ation
sim

ply because they bU
sted the veracity of

the m
isleadina postevent inform

ation. (It is
w
o
r
t
h
 
n
o
t
i
n
s
 
t
h
a
t
 
M
e
t
c
a
l
f
e
,
 
1
9
9
0
,
 
h
a
s
 
a
p
-

p
l
i
e
d
 
h
e
r
 
s
y
n
t
h
e
s
i
s
- in-storage C

H
A

R
M

m
odel to explain the supposedly contlictins

data from
 both L

oftus and M
cC

loskey and
Z

aragoza, )
 
I
n
 
a
n
y
 
c
a
s
e
,
 
L
o
f
t
u
s
'
 
e
x
p
e
r
i
-

m
ents allow

ed and m
ay have even encour-

aged subjects to integrate m
em

ories at the
tim

e of encodina the postevent inform
ation

rather than durins recall, thereby reducina
their relevance to the present discussion.

A
 
r
e
c
a
U
 
e
x
p
e
r
i
m
e
n
t
 
p
e
r
f
o
r
m
e
d
 
b
y
 
A
n
d
e
r
-

son and B
ow

er (1971) sugests an interest-
ina test of the m

odels. In this experim
ent,

s
u
b
j
e
c
t
s
 
l
e
a
r
n
e
d
 
a
 
l
i
s
t
 

of 
sentences, includ-

ina som
e sentences that shared a verb, and

w
ere later uked to r

e
c
a
l
l
 
t
h
e
 
s
e
n
t
e
n
c
e
s
,

given either an agent or an agent plus a verb
as the cue. A

m
ong their results, A

nderson
and B

ow
er reported "object intrusion er-

ron
: erron w

hen subjects, cued w
ith an

agent, com
:ctly recalled the verb from

 the
sentence containing that agent but recalled
an object from

 a different sentence. T
hey

found that these intrusions w
ere m

ore com
-

m
on betw

een sentences sharins a verb than
betw

een sentences sharins no w
ords, A

l-
though this isolated result can be explained
in m

any w
ays, it seem

s to naturally follow
f
r
o
m
 
t
h
e
 
e
x
p
e
c
t
a
t
i
o
n
s
 
o
f
 
a
 synthesls-at-

retrieval m
odel, because the Intrudina ob-

ject cam
e from

 a noncued sentence trace
that w

as sim
ultaneously activated as it

shared Ii verb w
ith the cued trace. B

y con-
trast, A

nderson and B
ow

er (1971) w
ere sur-

prised by the intrusions, although they gen-
erated a plausible post hoc explanation for
them

, U
nfortunately, the subjects in this

experim
ent w

ere told that they w
ere partic-

ipatins in a m
em

ory experim
ent before ini-

tially studyina the sentence lists and, once
again, m

ay have consciously integrated
sim

ilar sentences durins encodins. A
s a re-

sult, A
nderson and B

ow
er

s results cannot
b
e
 
t
a
k
e
n
 
a
s
 
s
t
r
o
n
a
 
e
v
i
d
e
n
c
e
 
f
o
r
 
b
l
e
n
d
i
n
s

during recall.
T

he present experim
ents sought to find

evidence for or aaainst the existence of
blend erron using a recall task like that of
A

nderson and B
ow

er (1971), w
hile attem

pt-
iO

J to m
inim

ize the possibility that subjects
m

ight deliberately integrate sentences dur-
ins enc:odins. Im

agine the situation w
herein

tw
o sentences share three out of five con-

tent w
ords, and the three shared w

ords all
are used as a recall cue. T

his cue w
ould

m
atch the tw

o overlapping sentences
equally w

ell. If a subject w
ere asked to re-

call tho rem
ainina tw

o content w
ords from

one 
of 

t
h
e
 
s
e
n
t
e
n
c
e
s
,
 
t
h
e
y
 
c
o
u
l
d
 
c
o
r
r
e
c
t
l
y

a
n
s
w
e
r
 
w
i
t
h
 
t
h
e
 
r
e
m
a
i
n
i
n
s
 
w
o
r
d
s
 
f
r
o
m
 

~i-
Ih~r 

overlappins sentence, For instance:

Sentence I: T
he doctor aave the

plum
ber the coat in the

lobby.
Sentence 2: T

he doctor gave the
plum

ber the w
atch in the

kitchen.
C

ue: T
he doctor gave the plum

ber the
i
n
 
t
h
e
 
-

A
ssum

ing that each sentence is enc:oded as
a single trace, w

ith its constituent w
ords as

properties, a synthesls-at-retrieval m
odel of

recall w
ould predict difficulty for subjects

recall, because the am
bisuous cue w

ould
equally activate the traces for both of the
sentences and their constituent properties.
A

s a consequence, subjects m
ay be prone

to m
aklna a " crossover " Intrusion error by

responding 
coal 

k;lch~n. 
or 

w
alch 

lobby, 
m

ixing w
ords from

 both sentences.
B

y contrast, a single-trace m
odel w

ould
predict that either of the tw

o traces m
atch-

ing the am
biguous cue w

ould be accessed in
a probabilistic search, yet the w

ords from
only one of these tw

o traces w
ould be re-

trieved, In other w
ords, a single-trace

m
odel w

ould predict no blending of these
highly sim

ilar m
em

ory traces even w
ith

such am
biguous cues.

Follow
ing the logic of this exam

ple, four
experim

ents w
ere designed to create a sit-

uation that w
ould m

axim
ally facilitate

b
l
e
n
d
i
n
g
 
a
c
c
o
r
d
i
n
g
 
t
o
 
a
 synthesis-at-

retrieval m
odel. E

xperim
ent I, w

hich can
serve as a prototype for all four experi-
m

ents, used a list of sentences in w
hich half

of the sentences w
ere constructed in pain

sharing three content w
ords w

ith one other
s
e
n
t
e
n
c
e
,
 
w
h
i
l
e
 
t
h
e
 
o
t
h
e
r
 
h
a
l
f
 
s
e
r
v
e
d
 
a
s

com
pletely dissim

ilar controls. U
nlike the

procedure in m
any earlier m

em
ory experi-

m
ents, subjects learned this list under the

pretense of a ratina task, unaw
are that they

w
ould need to later recall any sentences.

T
he need to recall sentences w

as only in-
troduced after a further paraaraph ratina
task used to create a delay betw

een study
and test. Subjects therefore had no reason
to continually rehearse sentences or to ac-
tively inte8r8te the traces of overlappina
sentences, thereby allow

i... the experim
ent

to plausibly investigate blendi... during re-
trieval alone. Indeed, early pilot testina
confirm

ed that If subjects knew
 that they

w
ould later need to recall sentences, they

often attem
pted to com

bine sentences shar-
i
n
g
 
c
o
n
t
e
n
t
 
w
o
r
d
s
 
I
n
t
o
 
l
a
q
e
r
 
c
o
m
p
o
s
i
t
e
,

preblended" sentences. A
ctive blendins

w
as further discouraged by separating the

presentation of overlapping sentences as
far as possible, A

s a check on the use of
explicit trace synthesis at enc:odins, in E

x-
p
e
r
i
m
e
n
t
s
 
2
 throup 4, p

o
s
t
t
e
s
t
 
q
u
e
s
t
i
o
n
-

naires w
ere given to assess the degree to

w
hich subjects w

ere aw
are of our m

anipu-
lations and w

hether or not they consciously
Intearated sim

ilar sentencel, O
bviously

such questionnaires cannot elim
inate all

versions of synthesis-at-encodins but they
do shed som

e lipt on explicit and deliber-
a
t
e
 
s
t
r
a
t
e
g
i
e
s
.

In all four of the experim
ents, tw

o gen-
eral results w

ere of prim
ary interest, each

testing an hypothesis of synthesis-at-
retrieval m

odels regardi... m
em

ory blends:
(I) Sim

ilar m
em

ory traces should som
e-

tim
es be blended; and (2) T

here should be
interference betw

een sim
ilar sentences

even .rter accessing one of them
. T

he fint
h
y
p
o
t
h
e
s
i
s
,
 
a
s
s
e
r
t
i
n
s
 
t
h
e
 
e
x
i
s
t
e
n
c
e
 

of 
m

em
-

ory blends, w
ould be IU

pported by findins
m

ore crossover intrusion errors betw
een

the sim
ilar overlappina sentences than the

b
a
s
e
 
r
a
t
e
 

of 
intrusions betw

een dissim
ilar

control sentences. If no difference w
as dis-

covered, the null hypothesis of single-trace
m

odels w
ould be supported instead. T

he
second hypothesis concerned postaccess
interference betw

een sim
ilar traces: it w

as
expected that subjects should be less U

kely
w

ith overlappina thaD
 w

ith control sen-
tences to correctly recall a com

plete sen-
tence after havina accessed its trace. T

his
hypothesis developed in contrast to tho
claim

 m
ade by slnale-trace m

odels that
once a trace is accessed, retrieval should
sim

ply involve a readout of the relevant in-
form

ation, w
ithout interference from

 any
o
t
h
e
r
 
t
r
a
c
e
s
.
 
I
n
 
a
 synthesis-at-retrieval

m
odel, how

ever, the overlappina sentence
traces should continually influence each
other durina retrieval or the trace pr0per-
ties, w

hereas the control sentence traces
(w

hich shared no properties w
ith other

traces) w
ould be relatively im

m
une from

such postaccess interference. T
he second

hypothesis w
as tested by exam

ini... the
conditional probability that a subject w

ould
correctly recall all target w

ords, given that
they had correctly recalled one of the
w

ords, Synthesis-at-retrieval m
odels, but

not sinsJe-trace m
odels, predict that this

conditional probability should be low
er

w
i
t
h
 
o
v
e
r
l
a
p
p
i
n
a
 
s
e
n
t
e
n
c
e
s
 
t
h
a
n
 
w
i
t
h
 
C
O
R
-

trol sentencel.
T

his paper w
U

I present four experim
ents

common
Pencil
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and then discuss com
puter sim

ulations of a
synthesis-at-retrieval m

odel of the results
of these experim

ents, T
he first experim

ent
w

ill be presented in m
ore detail than the

others, as it serves as a prototype for all
four experim

ents.

E
X

P
E

R
IM

E
N

T
 I

M
ethod

Subjects. 
T

hirty-
f
i
v
e
 
u
n
d
e
r
g
r
a
d
u
a
t
e
s

from
 C

arnegie-M
enon U

niversity voluntar-
i
l
y
 
p
a
r
t
i
c
i
p
a
t
e
d
 
a
s
 
s
u
b
j
e
c
t
s
.
 
A
l
l
 
s
u
b
j
e
c
t
s

w
ere native speakers of E

nglish. Subjects
w

ere reim
bursed for their participation w

ith
their choice of either $5 or credit to fulfill an
introductory psychology course require-
m

ent.
M

aterials. 
T

hirty-tw
o experim

ental sen-
tences w

ere random
ly created for each sub-

ject, (Prelim
inary testing had detennined

that 20 sentences could be rem
em

bered too
easily and allow

ed conscious integration of
overlapping sentences and that 40 sen-
tences w

ere too m
any to learn and later re-

m
em

ber, )
 
F
o
u
r
 
d
i
f
f
e
r
e
n
t
 
s
e
n
t
e
n
c
e
 
t
e
m
-

plates w
ere used to generate stim

uli w
ith

m
oderately differing sem

antics, T
hese tem

-
plates included five w

ord positions w
hich

w
ere filled by random

 selection (w
ithout re-

placem
ent) from

 prearranged lists of w
ords

of the appropriate sem
antic type. E

ach list
of w

ord fillers included only as m
any w

ords
as w

ould be needed to create the 32 sen-
tences, so that each subject' s random

 sen-
tences w

ere generated from
 the sam

e finite
set of w

ords, T
he four sentence tem

plates
(
w
i
t
h
 
s
e
m
a
n
t
i
c
- type w

ord positions high-
lighted) included:

(
a
)
 
T
h
e
 

P
E

R
S

O
N

 T
R

A
N

S
F

E
R

(-ed) 
the

PE
R

SO
N

 
the 

O
B

JE
C

T
 

i
n
 
t
h
e
 

L
O

C
A

-
T

IO
N

.
(
b
)
 
T
h
e
 

PE
R

SO
N

 
C

O
N

T
A

C
T

(-ed) the
PE

R
SO

N
 

o
n
 
t
h
e
 

B
O

D
Y

PA
R

T
 

in the
L

O
C

A
T

IO
N

.
(c) 

PE
R

SO
N

 
h
e
l
p
e
d
 
t
h
e
 
P
E
R
S
O
N
 
V
E
R
B

the 
O

B
JE

C
T

 
i
n
 
t
h
e
 

L
O

C
A

T
IO

N
,

(
d
)
 
T
h
e
 

PE
R

SO
N

 
s
a
w
 
t
h
e
 

PE
R

SO
N

V
E

R
B

 
the 

O
B

JE
C

T
 

i
n
 
t
h
e
 

L
O

C
A

-
T

IO
N

,

T
he tem

plates w
ere chosen so as to provide

a sem
antically-neutral setting for w

ord fill-
ers. T

heSe w
ords w

ere chosen to be m
axi-

m
ally dissim

ilar w
ithin a sem

antic type,
w

hile not being infrequent in everyday use.
C

are w
as also taken to avoid closely related

w
ords in the different sem

antic types by
disallow

ing the use, for instance, of both
barber

"
 
a
n
d
 
" barbershop,

E
i
g
h
t
 
s
e
n
t
e
n
c
e
s
 
w
e
r
e
 
g
e
n
e
r
a
t
e
d
 
u
s
i
n
g

each tem
plate, grouped into tw

o sets of
four, T

w
o sentences from

 each group of
four (or " quadruple

) w
ere selected to be-

com
e overlap sentences, the other tw

o left
as m

atched control sentences, A
n intrusion

error betw
een tw

o control sentences w
ould

only be scored as a crossover error if it oc-
curred betw

een control sentences previ-
ously paired in one of these quadruples, In
this w

ay, the base likelihood for crossover
errors for overlap and control sentences
could be m

ost closely m
atched. T

hree of
the w

ord positions in each quadruple w
ere

random
ly chosen for the overlap; any three

of the five w
ere equaU

y likely to be chosen
for overlap (although for convenience, the
exam

ples in this paper all show
 the first

t
h
r
e
e
 
w
o
r
d
s
 
a
s
 
o
v
e
r
l
a
p
p
i
n
g
)
.
 
T
h
e
 
t
h
r
e
e

w
ords in the overlapping positions of one of

the tw
o overlap sentences w

ere then re-
placed w

ith the corresponding w
~rds fro~

the other sentence, thereby creating a pair
of sentences w

hich differed by only tw
o

w
ords.
T

he order of presentation of the 32 sen-
tences . w

as random
ized for each subject

w
ith the constraint that a m

inim
um

 of 
sentences intervened betw

een any tw
o

m
atched overlap or m

atched control sen-
tences from

 the sam
e quadruple. T

w
o ad-

ditional sentences w
ere constructed for use

w
ith all subjects as the first and the last

study sentence, T
hese tw

o sentences
closely resem

bled the style of the random
ly

generated sentences, w
hile using w

ords and
a tem

plate not included elsew
here,

Sentence 33: T
he zookeeper told the pro-

gram
m

er to lift the rock in
the shop,

T
hese sentences served as "buffers,"

 
r
e
-

ducing any serial or tem
poral position ef-

fects that m
ight affect the m

em
ory salience

of the first or last sentence read,
For the second phase of the experim

ent,
a paragraph from

 a discussion of "art and
reality" w

as selected as a delay stim
ulus.

T
he paragraph w

as chosen for its difficult
concepts and w

ording and because its topic
seem

ed closely related to the experim
ent'

cover story.
For the third phase, recall cues (test sen-

tences) contained all w
ords from

 a previ-
ously presented sentence except the tw

o
w
o
r
d
s
 
i
n
 
t
h
e
 
n
o
n
o
v
e
r
l
a
p
p
i
n
g
 
w
o
r
d
 posi-

tions, w
hich w

ere replaced by blank under-
lines of a fixed length. P

resenting anyone
sentence from

 an overlapping pair in this
m
a
n
n
e
r
 
t
h
e
r
e
f
o
r
e
 
a
c
t
e
d
 
a
s
 
a
 
c
u
e
 
f
o
r
 

either
of the tw

o paired sentences. O
ne overlap

and one control sentence from
 each of the

eight quads w
ere random

ly chosen to be.
com

e test sentences. T
he first test sentence

show
n to subjects alw

ays cued Sentence 0,
the first buffer sentence. T

he 16 actual test
sentences follow

ed, presented in a com
-

pletely random
 order.

A
ll m

aterials w
ere presented on the

screen of a standard A
pple M

acintosh II
m

onitor. A
ll responses w

ere m
ade using the

A
pple M

acintosh keyboard.
D
e
s
i
g
n
 
a
n
d
 
p
r
o
c
e
d
u
r
e
.
 

T
he experim

ent
used a w

ithin-subject design. T
he random

generation of sentences created m
any un-

likely com
binations of sentence constitu-

ents, enabling the experim
ent to use a con-

vincing cover story, S
ubjects w

ere told that
the experim

ent w
as designed to explore

how
 people read sentences that "sound

strange," those in w
hich som

e or all of the
content w

ords do not seem
 to belong to-

gether "
i
n
 
r
e
a
l
i
t
y
,
"
 
S
u
b
j
e
c
t
s
 
w
e
r
e
 there-

fore unaw
are that they w

ould need to re-
m

em
ber any of the sentences later. T

hey
w

ere also assured that the experim
ent did

not m
easure any reaction tim

es, so that

Sentence 0: T
he astronom

er told the
usher to shake the keys in
t
h
e
 
s
h
e
d
,

they could concentrate on the tasks w
ithout

w
orrying about how

 long they spent w
ork-

ing on them
.

In the first phase, subjects saw
 34 sen-

tences, one at a tim
e. For each sentence,

subjects m
ade ajudgm

ent about the overaU
plausibility" of the sentence, follow

ed by
judgm

ents of how
 appropriate each of the

five m
ain w

ords seem
ed in the context of

t
h
e
 
r
e
s
t
 
o
f
 
t
h
e
 
s
e
n
t
e
n
c
e
.
 
F
i
r
s
t
 
t
h
e
 
s
e
n
t
e
n
c
:
e

appeared along w
ith a prom

pt to rate it asa
w
h
o
l
e
,
 
t
h
e
n
 
e
a
c
h
 
o
f
 
t
h
e
 
f
i
v
e
 
w
o
r
d
s
 
a
p
-

peared sequentially underneath the sen-
tence along w

ith a prom
pt to rate it as w

eD
.

A
n ratings fell on a five-point scale; sub-

jects w
ere show

n sam
ple sentences w

ith
e
x
a
m
p
l
e
 
r
a
t
i
n
g
s
 
a
n
d
 
h
a
d
 
t
o
 
d
e
m
o
n
s
t
r
a
t
e

their understanding of the scale to the ex-
perim

enter, T
he purpose of these ratings

w
as both to m

ake the cover story m
ore con-

vincing and to ensure that the subjects paid
attention to every sentence and its prim

ary
w

ords, form
ing m

em
ory traces after pro-

c
e
s
s
i
n
g
 
t
h
e
m
 
a
t
 
a
 
"deep," sem

antic level.
T

he actual judpnent responses w
ere never

recorded.
In the second phase, subjects w

ere told
to read a parasraph and then answ

er som
e

questions about it. T
hey read the delay talk

paragraph then answ
ered seven 5-point

judgm
ent questions sim

ilar to those in the
farst phase, evaluating the overall under-
standability of the paragraph along w

ith
that of several of its m

ore obscure w
ords.

D
ue to the difficulty of the selected pas-

sase, this task provided a delay period of
approxim

ately 
m

in durins w
hich there

w
as no reason for subjects to actively at-

tem
pt to rem

em
ber any of the sentences

from
 the first phase.

In the third phase, subjects w
ere told that

they w
ere going to have to rem

em
ber m

any
of the sentences from

 phase one. T
hey

w
ere presented w

ith 17 test cues one at a
tim

e and had to type in the w
ord. previ-

ously seen in the blank positions in a left-
to-right order. S

ubjects w
ere Ioid that they

m
ay have seen tw

o sentences that fit a cue
equally w

ell, but that in those cases, they
w

ould have to rem
em

ber both of them
, one

common
Pencil

common
Pencil
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at a tim
e. H

ow
ever, they w

ere never told
that a particular test cue m

atched tw
o sen.

tences until they had first already recalled
one sentence. It w

as stressed that in choos-
ing each response they should take care to
recall tw

o w
ords from

 w
ithin the sam

e sen-
tence in the fant phase, So after the subject
first recaU

ed tw
o w

ords from
 one overlap

sentence, they w
ould be told that they had

seen another sentence that also m
atched

the cue and be asked to now
 recall tw

o
m

ore w
ords beloqing to the other m

atch-
i
n
g
 
s
e
n
t
e
n
c
e
.
 
I
n
 
t
h
i
s
 
m
a
n
n
e
r
,
 
a
l
l
 

of 
the over-

lap sentences from
 the first phase w

ere
tested, along w

ith one half (random
ly se-

lected) 
of 

the control sentences. T
he exper-

i
m
e
n
t
 
t
h
e
r
e
f
o
r
e
 
i
n
c
l
u
d
e
d
 
t
h
r
e
e
 
r
e
s
p
o
n
s
e

conditions: (I) the first pair recalled given
a
n
 
o
v
e
r
l
a
p
 
c
u
e
 

(
t
h
e
f
U
'
s
t
 
o
v
e
r
l
a
p
 

condition);
(
2
)
 
t
h
e
 
s
e
c
o
n
d
 

pair 
recalled given an over-

l
a
p
 
c
u
e
 
(
t
h
e
 

s
e
c
o
n
d
 
o
v
e
r
l
a
p
 

condition); and
(3) the pair recaU

ed given a control cue (the
c
o
n
t
r
o
l
 
c
o
n
d
i
t
i
o
n
)
.

A
fter typing in each w

ord, subjects w
ere

asked to rate their confidence that they had
correctly recalled the w

ord, again on a five-
point scale. T

his w
as done to encourage

subjects to carefully consider each recall;
as expected, confidence w

as higher for
w

ords correctly recalled than for w
ords re-

called incorrectly. A
fter typing in each set

of 
tw

o w
ords, they w

ere also asked to rate
their confidence that they had correctly re-
c
a
l
l
e
d
 
b
o
t
h
 
w
o
r
d
s
/
r
o
m
 

the 
sam

e 
single sen-

tence 
In 

t
h
e
 
j
l
r
s
t
 
p
M
s
e
.
 

T
his served both as

a rem
inder to subjects that w

e w
anted them

to rem
em

ber a w
hole sentence, not m

ix-
tures 

of 
sentences, and as a dependent m

ea-
sure for later analysis.

F
inally, after all the sentences w

ere
tested, subjects w

ere given a questionnaire
w

hich attem
pted to discover to w

hat extent
t
h
e
y
 
w
e
r
e
 
a
w
a
r
e
 

of 
t
h
e
 
o
v
e
r
l
a
p
p
i
n
g
 
s
e
n
-

t
e
n
c
e
 
m
a
n
i
p
u
l
a
t
i
o
n
 
d
u
r
i
n
g
 
t
h
e
 
f
i
r
s
t
 
p
h
a
s
e
 

the experim
ent. Q

uestions asked w
hether

they becam
e aw

are that m
ore than one sen-

t
e
n
c
e
 
u
s
e
d
 
t
h
e
 
s
a
m
e
 
w
o
r
d
s
 
a
n
d
 
w
h
e
t
h
e
r
 

n
o
t
 
t
h
e
y
 
t
r
i
e
d
 
t
o
 
r
e
m
e
m
b
e
r
 

or 
integrate ear-

lier sentences sharing w
ords w

ith later
overlapping sentences.

R
tsulll

greater in the first overlap than in the sec-
ond overlap conditions (p c:: .05).

I
n
 
o
r
d
e
r
 
t
o
 show

 that the greater fre-
quency 

of 
intrusions betw

een overlap sen-
t
e
n
c
e
s
 
w
a
s
 
n
o
t
 
s
i
m
p
l
y
 
a
 
r
e
s
u
l
t
 

of 
a
 
r
e
l
a
t
i
v
e

t
e
n
d
e
n
c
y
 
t
o
 
r
e
c
a
l
l
 
w
o
r
d
s
 

from
 

o
v
e
r
l
a
p
 
s
e
n
-

t
e
n
c
e
s
,
 
w
e
 
e
x
a
m
i
n
e
d
 
t
h
e
 
f
r
e
q
u
e
n
c
y
 

of 
an-

o
t
h
e
r
 
t
y
p
e
 

of 
intrusion w

ithin a m
atched set

of 
four sentences: a w

ord from
 an overlap

s
e
n
t
e
n
c
e
 
i
n
t
r
u
d
i
n
g
 
i
n
t
o
 
r
e
c
a
l
l
 

of 
a
 
c
o
n
t
r
o
l

sentence, 
or 

vice versa. In fact, w
ords from

o
v
e
r
l
a
p
 
s
e
n
t
e
n
c
e
s
 
i
n
t
r
u
d
e
d
 
i
n
t
o
 
r
e
c
a
l
l
 

of 

m
a
t
c
h
e
d
 
c
o
n
t
r
o
l
 
s
e
n
t
e
n
c
e
 
o
n
l
y
 

4
%
 
o
f
 

the
lim

e, w
hile w

ords from
 control sentences

intruded into recall of a m
atched overlap

sentence 2.7%
 of the tim

e.
T

he second hypotheses test com
pared,

a
c
r
o
s
s
 
c
o
n
d
i
t
i
o
n
s
,
 
t
h
e
 
c
o
n
d
i
t
i
o
n
a
l
 
p
r
o
b
a
b
i
l
-

ity 
of 

correctly recalling tw
o w

ords from
 a

t
a
r
g
e
t
 
s
e
n
t
e
n
c
e
,
 
g
i
v
e
n
 
t
h
e
 
c
o
r
r
e
c
t
 
r
e
c
a
l
l
 

one w
ord. For overlap sentences, this prob-

a
b
i
l
i
t
y
 
w
a
s
 
h
i
g
h
e
r
 
i
n
 
t
h
e
 
f
i
r
s
t
 
p
a
i
r
 

of 
w

ords
recalled than in the second pair (p ... ,so in
the first overlap condition; p ... .

3
6
 
i
n
 
t
h
e

second overlap condition); w
ith control

senlences, the probability w
as . 58. T

o test
t
h
e
 
s
i
g
n
i
f
i
c
a
n
c
e
 

of 
t
h
e
s
e
 
d
i
f
f
e
r
e
n
c
e
s
,
 
t
h
e

c
o
n
d
i
t
i
o
n
a
l
 
p
r
o
b
a
b
i
l
i
t
y
 
w
a
s
 
c
a
l
c
u
l
a
t
e
d
 

for
each condition and each subject separately,
and W

ilcoxon signed-ranks tests w
ere per-

form
ed across subjects. T

he conditional
probability in the control condition w

as sil-
nificantly higher than in either the first
o
v
e
r
l
a
p
 
(
l
 
=
 1.81, p c::: .05) or the second

overlap conditions (l ... 4.11, p c::: .0001);
the conditional probability in the first over-
lap condition w

as significantly higher than
in the second overlap condition (l ... 3. 10, p
c::: .001).

A
nalysis 

of 
confidence ratings focused

on subjects' confidence that both recalled
w

ords cam
e from

 the sam
e sentence. In

general, the ratings corresponded quite w
ell

t
o
 
t
h
e
 
a
c
t
u
a
l
 
c
o
r
r
e
c
t
n
e
s
s
 

of 
their recall. A

n
exam

ination 
of 

the first overlap condition
confidence ratings show

s that the average
confidence 

for 
a answ

er containina both
correct w

ords (M
 ... 4. 5, SD

 

.
.
.
 
.87) w

as
higher than the average confidence for an
answ

er containing no correct w
ords (M

 ...

O
verall, subjects correctly recalled indi-

v
i
d
u
a
l
 
w
o
r
d
s
 
5
2
%
 

of 
the tim

e. T
hey cor-

r
e
c
t
l
y
 
r
e
c
a
l
l
e
d
 

both 
target w

ords (thus cor-
rectly com

pleting a sentence) 34%
 of the

tim
e, and correctly recalled neither w

ord
30%

 
of 

the tim
e. F

or the rem
aining 36%

 of
the tim

e, subjects recalled one w
ord cor-

rectly and either left the other w
ord blank,

guessed a w
ord that had never appeared in

t
h
e
 
s
t
u
d
y
 
s
e
n
t
e
n
c
e
s
,
 

or 
responded w

ith a
w

ord from
 another sentence. T

his last cat-
egory included any crossover errors.

T
he overaU

 error rates w
ere not the sam

e
in each experim

ental condition, how
ever,

Subjects w
ere able to recall m

ore sentences
correctly in the first overlap condition (M
... 42%

) than in the second overlap condi-
tion (M

 ... 19%
), T

hey perform
ed about the

sam
e in the control condition (M

 ... 41%
) as

in the fant overlap condition. A
 W

ilcoxon
s
i
g
n
e
d
-
r
a
n
k
s
 
t
e
s
t
 

of 
these differences

across subjects show
ed that the difference

betw
een success rates in the first and sec-

ond overlap conditions w
as significant (l =

261, pC
::: . 0001), as w

as the difference be-
tw

een success rates in the second overlap
a
n
d
 
c
o
n
t
r
o
l
 
c
o
n
d
i
t
i
o
n
s
 
(
l
 
.
.
.
 
4
. 261, P

 c:::

0001), but the difference betw
een first

overlap and control conditions ' success
rates w

as not significant (l ... . 027, p ~ , 05).

T
h
e
 
t
e
s
t
 

of 
the first hypothesis distin-

guishing synthesis-at-retrieval from
 single-

t
r
a
c
e
 
m
o
d
e
l
s
 
c
o
m
p
a
r
e
d
 
t
h
e
 
r
a
t
e
s
 

of 
cross-

o
v
e
r
 
e
r
r
o
r
s
 
r
e
l
a
t
i
v
e
 
t
o
 
t
h
e
s
e
 
c
o
n
d
i
t
i
o
n
s
,

Subjects m
ade crossover errors m

ore often
w

hen tested in the overlap conditions (5.4%
w

ith the first, 2. 1%
 w

ith the second) than in
the control condition (0, 7%

), T
he raw

 fre-
quency 

of 
crossover errors w

as rather sm
all

(15, 6, and 2, respectively), but the differ-
ence betw

een the rates in the first overlap
versus control conditions w

as significant
nonetheless (using the sign test across sub-
jects, p c:: ,01), O

n the other hand, the dif-
f
e
r
e
n
c
e
 
b
e
t
w
e
e
n
 
t
h
e
 
r
a
t
e
s
 
i
n
 
t
h
e
 
s
e
c
o
n
d

overlap versus control conditions w
as not

significant (p ~
. . 05), T

he frequency of
crossover errors w

as also significantly

3, SD
 ... 1. 4). S

ubjects w
ere less confi-

dent in crossover error responses (M
 

7, S
D

 III 1.3) than in correct responses,
though stiD

 m
ore confident in these cross-

over errors than in other answ
ers w

here
one w

ord w
as w

rong (M
 -
 
3
.3, SD

 - 1.3).
In fact, six ofthe IS blend errors w

ere m
ade

w
ith a full confidence of 5, C

rossover er-
rors in the other conditions w

ere too infre-
quent for useful analysis.

D
iscussion

T
he results of this experim

ent confirm
ed

the hypotheses of synthesis-at-retrieval.
not single-trace, m

odels. First of aU
. sub-

jects m
ade sipiflC

lD
tly m

ore crossover er-
rors w

ith the sim
ilar. overlap sentences

t
h
a
n
 
w
i
t
h
 
t
h
e
 
d
i
s
s
i
m
i
l
a
r
 
c
o
n
t
r
o
l
 
s
e
n
t
e
D
C
C
l
.

T
he intnasion of one incorrect w

ord into an
overlap sentence recall w

as also m
ore

likely to com
e from

 the paired overlap sen-
tence than from

 any other single sentence
in the study list. T

he greater num
ber of in-

tnasions betw
een overlap sentences than

control sentences did not result from
 a sen-

eral tendency to recall w
ords from

 overlap
sentences. A

ll of this can be explained by
t
h
e
 
p
r
e
d
i
c
t
i
o
n
 

of 
synthesis-at-retrieval

m
odels that sim

ilar traces w
ill blend durina

recaU
 because every trace contributes to

the recalled inform
ation to the extent that

its properties are sim
ilar to the cue and to

those of other traces. S
ingle-trace m

odels
w

ould not expect any differences in the in-
trusion rates based on sim

ilarity of the
traces, because they preclude any intenc-
tions betw

een traces once a single trace is
selected for access.

Second, the conditional probability that
subjects rem

em
bered both w

ords after c0r-
rectly recalling one w

ord w
as hiJher w

ith
c
o
n
t
r
o
l
 
s
e
n
t
e
n
c
e
s
 
t
h
a
n
 
w
i
t
h
 
t
h
e
 
o
v
e
r
l
a
p

sentences. T
his result contradicts the claim

of 
single-trace m

odels that a trace i
s
 
r
e
-

t
r
i
e
v
e
d
 
a
s
 
a
 
w
h
o
l
e
;
 
i
n
s
t
e
a
d
 

it 
fits the pre-

diction 
of 

synthesis-at-retrieval m
odels

claim
ina that the sim

ilarity betw
een overlap

s
e
n
t
e
n
c
e
s
 
s
h
o
u
l
d
 
c
a
u
s
e
 
a
n
 
i
n
c
r
e
a
s
e
d

chance 
of 

retrieving w
ords from

 different
sentences. T

he difference betw
een the fant

common
Pencil

common
Pencil
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recall attem
pt w

ith overlap sentences and
recall w

ith control sentences w
as not very

large. how
ever,

Perhaps a better m
easure of perform

ance
w
i
t
h
 
o
v
e
r
l
a
p
 
s
e
n
t
e
n
c
e
s
 
m
i
g
h
t
 
b
e
 
t
h
e
 

aver-

age 
probabilities of both first and second

recall attem
pts, a m

easurem
ent that w

ould
enhance the difference betw

een results
w

ith overlap versus control sentences, In
fact. it is extrem

ely difficult to know
 w

hich
m

easure. either of first recall alone or of the
averaae of flJ"S

t and second recalls. w
ould

be less biased. W
ith overlap sentence cues.

subjects w
ere allow

ed to recall either of
tw

o sentences. w
hile control cues m

ust
have been used to access a single sentence,
C

learly, subjects correctly recalled w
ords

m
ore frequently in the first overlap condi-

t
i
o
n
 
t
h
a
n
 
i
n
 
t
h
e
 
s
e
c
o
n
d
 
o
v
e
r
l
a
p
 
c
o
n
d
i
t
i
o
n

because the first recall reflects retrieval of
the stronger of tw

o traces. T
herefore if one

just looks at the perform
ance of subjects in

the first overlap condition. one potentially
biases the analysis tow

ards an exam
ination

of retrieval of only strong traces, O
n the

other hand. it is not clear that averaging
perform

ance across qualitatively different
recall attem

pts can provide valid com
pari-

sons betw
een the overlap conditions and

the control condition. Furtherm
ore, exam

-
ination of the first attem

pt alone allow
s

com
parison of crossover intrusion rates be-

tw
een tw

o conditions w
ith the sam

e overall
level of recall accuracy,

T
he analysis of confidence ratings indi-

cates that subjects dem
onstrated a general

ability to judge the correctness of their an-
sw

ers. Focusing on just the first overlap
condition. w

e see that subjects w
ere less

confident w
ith blend errors than w

ith cor-
rect recalls, T

his raises the concern that
subjects m

ight have been aw
are of their in-

correct answ
ers w

hen m
aking crossover er-

rors. consciously deciding to answ
er w

ith a
w

ord from
 a m

atched overlap sentence just
because it seem

ed a m
ore appropriate guess

than any other w
rong answ

er. H
ow

ever,
subjects w

ere m
ore confident on average in

crossover errors than in other one-w
ord er-

rors, and som
e crossover errors w

ere given

w
ith full confidence. In synthesis-at-

retrieval m
odels like that of M

cC
lelland

(1981). a subject's confidence m
ight be

m
ost naturally captured as a function of the

overall " goodness " (cf, R
um

elhart et aI..
1
9
8
6
)
 
o
f
 
t
h
e
 
s
t
a
t
e
 
o
f
 
t
h
e
 m

em
ory system

. In
such a m

odel, the goodness associated w
ith

a blend error w
ill aenerally be hiaher than

that of any other error, but cannot be as
high as w

ith a correct answ
er due to the

inhibition betw
een the sim

ultaneously ac-
tive sentence traces form

ing the blend. T
he

p
a
t
t
e
r
n
 
o
f
 
c
o
n
f
i
d
e
n
c
e
 
r
a
t
i
n
g
s
 
a
s
 
o
b
t
a
i
n
e
d

here cannot be used to distinguish betw
een

the m
odels of interest and. since the sam

e
pattern held in each of the next three ex-
perim

ents, w
e w

ill not discuss them
 fur-

ther,

S
e
n
t
e
n
c
e
 
2
:
 
T
h
e
 
d
o
c
t
o
r
 
s
a
v
e
 
t
h
e
 
l
a
w
y
e
r

the w
atch in the kitchen,

w
hile the cue rem

ained:
T

he doctor gave the plum
ber the 

the_
N

ote that this cue only m
atches the first

overlap sentence com
pletely, w

hile offenna
a partial m

atch to the second sentence. W
e

hoped that the partial m
atch w

ould be suf-
ficient to induce blend errors. even w

hile it
elim

inated the availability of tw
o alterna-

tive correct responses.
T

he num
ber of sentences w

as increased
to 36 to partially com

pensate for the de-
crease in the am

ount of data generated now
t
h
a
t
 
e
a
c
h
 
o
v
e
r
l
a
p
 
s
e
n
t
e
n
c
e
 
c
u
e
 
a
l
l
o
w
e
d

only one correct answ
er. In addition, one of

the overlap sentences in each overlap pair
w

as used as a m
ate for a control sentence.

since it could not share any content w
ords

w
ith the control sentence anyw

ay. T
his al-

low
ed a significant reduction in the num

ber
of control sentences. half of w

h
i
c
h
 
w
e
r
e

never tested in E
xperim

ent I and w
ould

have yielded no data anyw
ay.

Six different sentence tem
plates w

ere
used, T

hese included the four used in E
x-

perim
ent I. plus tw

o new
 ones:

E
X
P
E
R
I
M
E
N
T
S
 
2
-
4

T
he follow

ing three experim
ents used

variations on the m
aterials or procedure

used in E
xperim

ent I, E
xperim

ent 2 w
as

designed to allow
 only one correct response

in both the overlap and the control condi-
tions to elim

inate the difficulty in know
ing

how
 to interpret data from

 the tw
o different

overlap conditions. E
xperim

ent 3 at-
tem

pted to increase the rate of blending by
reducina potential response com

petition
betw

een the target w
ords in overlap sen-

tence traces, E
xperim

ent 4 elim
inated the

rating of individual w
ords in the first phase

t
o
 
t
e
s
t
 
t
h
e
 
p
o
s
s
i
b
i
l
i
t
y
 
t
h
a
t
 
s
u
b
j
e
c
t
s
 m

ay

have been encoding single w
ords as traces.

as opposed to w
hole sentences. T

he m
eth-

o
d
o
l
o
g
y
 
o
f
 
e
a
c
h
 
w
i
l
l
 
b
e
 
d
e
s
c
r
i
b
e
d
 
b
e
l
o
w

only in so far as it differed from
 E

xperi-
m

ent I.

E
xperim

ent 

In order to allow
 only one correct re-

sponse in the overlap condition. as w
ell as

the control condition, unam
biguous overlap

sentence test cues w
ere used. in w

hich the
num

ber of shared content w
ords w

as re-
duced from

 three to tw
o, For exam

ple. an
overlap pair w

ould now
 look like this:

Sentence I: T
he doctor save the plum

ber
the coat in the lobby.

(
e
)
 
T
h
e
 

P
E

R
S

O
N

 V
E

R
B

(-ed) 
the 

O
B

-
JE

C
T

 
i
n
 
t
h
e
 

L
O

C
A

T
IO

N
 

w
i
t
h
 
t
h
e

PE
R

SO
N

,
(
0
 
T
h
e
 

P
E

R
S

O
N

 V
E

R
B

(-ed) 
the 

O
B

-
JE

C
T

 
i
n
 
t
h
e
 

L
O

C
A

T
IO

N
 

f
o
r
 
t
h
e

PE
R

SO
N

.

Six sentences w
ere generated using each

tem
plate, grouped into tw

o sets of three.
T

w
o sentences from

 each group of three
w

ere selected to becom
e overlap sen-

tences; the other w
as left as a m

atched con-
trol sentence,

T
he order of presentation of the 36 sen-

tences w
as random

ized for each subject in
the follow

ing fashion: 12 control sentences
and 12 overlap sentences (one " overlap
test"

 
s
e
n
t
e
n
c
e
 
f
r
o
m
 
e
a
c
h
 
o
v
e
r
l
a
p
 
s
e
n
t
e
n
c
e

pair) w
ere presented as the first 24 sen.

tences, follow
ed by the rest of the overlap

sentences (the " overlap distractors
), T

his

allow
ed the overlap distractor sentences to

provide retroactive inhibition. both for tho
overlap test sentences and the control sen-
tences. T

he order w
as then random

ized
w

ith the further constraint that a m
inim

um
of 12 sentences intervened betw

een overlap
test or control sentences and their paired
overlap distractor sentence. F

our buffer
sentences w

ere constructed for U
le as the

first tw
o and the last tw

o study lentences,
as w

ith the tw
o butT

er sentences in E
xper-

im
ent I.
In addition. a pastIest questionnaire w

as
added at the end of the experim

ent. to as-
sess how

 aw
are of our m

anipulations sub-
jects had been. It included eight questions.
asking subjects w

hether they w
ere aw

are of
sentence overlapping, asking them

 to give
their estim

ates of the nature and frequency
of the overlaps. and asking w

hether evalu-
ating a later overlap sentence caused them
to recall or consciously integrate an earlier
overlap sentence (see A

ppendix A
).

T
hirty-eight subjects from

 the sam
e

source as E
xperim

ent I w
ere used,

R
esults

T
he subjects perform

ed w
orse overall

than those in E
xperim

ent I: they correcdy
recalled individual w

ords 42%
 of the tim

e.
T

hey con-ec:tly recalled both taraet w
ords

25%
 of the tim

e and neither w
ord 42%

 of
the tim

e. A
s in E

xperim
ent I. error rates

differed betw
een conditions. W

ith control
sentences. subjects correctly recalled both
w
o
r
d
s
 
2
9
%
 
o
f
 
t
h
e
 
t
i
m
e
.
 
s
i
g
n
i
f
i
c
a
n
t
l
y
 
m
o
r
e
 

=
 
-

421. 
c:: .01) than the 22%

 correct
recall w

ith overlap test sentences. Fully 9%
o
f
 
s
u
b
j
e
c
t
s ' answ

ers w
ith overlap target

c
u
e
s
 
c
o
n
s
i
s
t
e
d
 
o
f
 
r
e
c
a
l
l
i
n
g
 

both 
w

ords from
its paired overlap distractor sentence. de-
spite the fact that the cue unam

biguously
m

atched the overlap target sentence. T
his

occurred only once (0. 2%
) w

ith control sen-
tences.

T
he first hypothesis test m

easured the
frequency w

ith w
hich a w

ord from
 an over-

lap distractor sentence w
as recalled w

ith a
correct w

ord. given either an overlap test
c
u
e
 
o
r
 
a
 
c
o
n
t
r
o
l
 
c
u
e
,
 
T
h
e
s
e
 
c
r
o
s
s
o
v
e
r
 
e
r
-

common
Pencil

common
Pencil
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ors w
ere m

ore frequent betw
een m

atched
)verlap sentences (18 occurrences, or
1
.
0
%
)
 
t
h
a
n
 
b
e
t
w
e
e
n
 
o
v
e
r
l
a
p
 
d
i
s
t
r
a
c
t
o
r
s
 
a
n
d

heir m
atched controls (6 occurrences,

1
.
3
%
)
.
 
A
s
 
i
n
 
E
x
p
e
r
i
m
e
n
t
 
I
,
 the raw

 fre-
tuency of blend errors w

as sm
all, but the

tifference betw
een the crossover error

-
a
t
e
s
 
w
a
s
 
s
i
g
n
i
f
i
c
a
n
t
 
(
s
i
g
n
 
t
e
s
t
,
 

c::: .05).
rhis result again supported synthesis-at-
etrieval m

odels, in that subjects m
ade in-

erosion errors m
ore often w

ith (sim
ilar)

)verlap than w
ith (dissim

ilar) control sen-
tences.

T
he conditional probability of correct re-

;aU
 of tw

o, given one, w
ords w

as essen-
tially the sam

e in both conditions: . 43 w
ith

overlap test sentences, and . 4
4
 
w
i
t
h
 
c
o
n
-

trol sentences. T
he difference betw

een
t
h
e
s
e
 
p
r
o
b
a
b
i
l
i
t
i
e
s
 
w
a
s
 
n
o
t
 
s
i
s
n
i
f
i
c
a
n
t
 

(l 

07, 

~ .05). T
his m

atched the prediction
of sinale-trace m

odels that postaccess inter-
f
e
r
e
n
c
e
 
s
h
o
u
l
d
 
b
e
 
u
n
a
f
f
e
c
t
e
d
 
b
y
 
s
h
a
r
e
d

properties.
T

he postlest questionnaires indicated
that m

ost subjects w
ere unaw

are of the pre-
cise nature of sentence overlapping during
the first phase of the experim

ent. N
o sinsle

subject got all of the questions correct. O
f

the 34 subjects for w
hich w

e had com
plete

data, all but one noticed that at least som
e

sentences shared content w
ords. H

ow
ever,

their estim
ates of how

 m
any sentences

shared w
ords ranged from

 5 to 35; only
seven subjects correctly estim

ated that
overlap sentences shared w

ords w
ith one

and not m
ore than one other sentence; and

all but four subjects thought that different
overlap sentences shared different num

bers
of w

ords. N
ine subjects reported that pre-

sentation of a second overlap sentence
caused them

 to rem
em

ber the earlier over-
lap sentence, yet only four of these re-
ported that they som

etim
es tried to inte-

grate the tw
o sentences into a l

a
q
e
r
 
w
h
o
l
e
.

T
he nine subjects w

ho reported recalling
earlier overlap sentences w

ere no m
ore

likely to m
ake blend errors than other sub-

j
e
c
t
s
 
b
:
(
1
)
 
-
 
.

5B
, 

~ .

O
S
)
;
 
e
l
i
m
i
n
a
t
i
n
a

them
 from

 earlier data analyses had no sis-
nificant im

pact on the results of the hypoth-

esis tests. S
im

ilarly, subjects w
ho reported

that they had consciously integrated over.
lap sentences w

ere also no m
ore likely to

m
ake a blend error than other subjects

()(

( I) =
 .

B
I, 

~ .05), and elim
inating them

f
r
o
m
 
t
h
e
 
l
U
1
a
1
y
s
e
s
 
h
a
d
 
n
o
 
s
i
g
n
i
f
i
c
a
n
t
 im

pact
o
n
 
t
h
e
 
r
e
s
u
l
t
s
.
 
T
h
e
 
p
o
s
t
l
e
s
t
 
q
u
e
s
t
i
o
n
n
a
i
r
e

therefore indicated that the cover story and
other m

anipulations that w
ere designed to

m
inim

ize blending during encoding w
ere

successful w
ith alm

ost all subjects, at least
at a level a&

:cessible by conscious reporting.
T

he sam
e general patlern of responses to

t
h
e
 
q
u
e
s
t
i
o
n
n
a
i
r
e
 
h
e
l
d
 
a
&
:
r
o
s
s
 
b
o
t
h
 
o
f
 
t
h
e

fonow
ing experim

ents.

E
xperim

ent 

T
he num

ber of blend errors obtained in
the first tw

o experim
ents w

as adm
ittedly

less frequent than w
e had originally ex-

pected to observe, considering that the ex-
perim

ental design had been constructed to
m

axim
ally fa&

:ilitate blending durina rec:ali.
H

ow
ever, both experim

ents involved a sit-
uation in w

hich the constituent w
ords of

tw
o overlap sentences directly com

peted
for recall selection, a com

petition that m
ay

have placed a severe lim
itation on the pos-

sibility of blending sim
ilar traces. A

ccord-
ina to m

any synthesis-at-retrieval m
odels,

if one sentence
s trace is initially m

ore a&
:-

tive than the other, the m
utual inhibition

betw
een the sentences can overam

plify this
initial advantase-a " rich-get- richer ef-
f
e
c
t
"
 
(
G
r
o
s
s
b
e
r
g
.
 
1
9
7
6
;
 
M
c
C
l
e
l
l
a
n
d
 
I
i

R
um

elhart, 1988). O
ne w

ould therefore ex.
pect few

er blend errors, as the stronger
trace

s properties w
ould suppress the a&

:ti-

vation of com
petina properties.

E
xperim

ent 3 tried to avoid this potential
intersentence com

petition by usina overlap
sentences w

ith nonoverlapping portions
that corresponded to different sem

antic
types. T

he 32 sentences used four different
sentence tem

plates, each includina three
m

andatory content w
ords and zero, one, or

tw
o optional content w

ords. T
he four sen-

tence tem
plates included:

(
a
)
 
T
h
e
 

P
E

R
S

O
N

 V
E

R
B

(-ed) 
the 

O
B

-
JE

C
T

.

(
b
)
 
T
h
e
 

P
E

R
S

O
N

 V
E

R
B

(-ed) 
the 

O
B

-
JE

C
T

 
i
n
 
t
h
e
 

L
O

C
A

T
IO

N
 

w
i
t
h
 
t
h
e

PE
R

SO
N

.
(
c
)
 
T
h
e
 

P
E

R
S

O
N

 V
E

R
B

(-ed) 
the 

O
B

-
JE

C
T

in 
the 

L
O

C
A

T
IO

N
.

(
d
)
 
T
h
e
 

P
E

R
S

O
N

 V
E

R
B

(-ed) 
the 

O
B

-
JE

C
T

w
ith 

the 
PE

R
SO

N
.

T
hese tem

plates w
ere further grouped into

tw
o pairs: (a) 3-w

ord w
ith (b) 5-w

ord, or (c)
4-w

ordJlocation w
ith (d) 4-w

ordlaccom
pa-

nim
ent, so that each of the optional U

B
U

-
m

ents only appeared in one m
em

ber of a
m

atched pair. T
hese pairs w

ere then
grouped into sets of four sentences as in
E

xperim
ent I, w

ith tw
o sentences (one

from
 each tem

plate) selected for overlap
and tw

o left as a m
atching control. In the

overlap sentences, only tw
o of the first

three w
ord positions w

ere random
ly chostn

for overlapping, so that overlap sentences
differed by at least one m

andatory w
ord in

o
r
d
e
r
 
t
o
 
b
e
 
a
b
l
e
 
t
o
 
t
e
s
t
 
t
h
e
 
3
-
w
o
r
d
 
s
e
n
-

tences from
 tem

plate (a). A
s an exam

ple,
using the (c) +

 (d) tem
plate. w

e could gen-
erate the follow

ina overlap pair:

Sentence I: T
he doctor m

oved the coat
in the lobby.

Sentence 2: T
he doctor m

oved the w
atch

w
ith the plum

ber.

T
est cues contained all w

ords from
 a pre-

viously presented sentence except those in
the three nonoverlappina w

ord positions.
T

he optional argum
ents w

ere indicated to
subjects by pla&

:ing parentheses around the
function w

ords in the phrase. For exam
ple,

the cue:
T

he doctor m
oved the 

(
i
n
 
t
h
e

-' 

(w
ith the -,.

could elicit either of the paired overlap sen-
tences as a correct response, just like in
E

xperim
ent I. B

ecause subjects had to be
able to explicitly indicate the absence of an
optional argum

ent to correctly recaU
 sen-

tences from
 m

ost of the tem
plates, w

hen
they left a blank response they bad to state
either that lhey w

ere unable to recall a w
ord

or thai they a&
:tually believed that there had

been no w
ord in that position in the oriainal

sentence.

E
xcept for one of the m

andatory content
w

ords (the object, in the exam
ple above),

the nonoverlapping U
B

um
ents w

ere not in
conflict w

ith one another, theoretically al-
low

ing both to be sim
ultaneously a

&
:
t
i
v
e
 
r
e
-

ganlless of the inhibition betw
een potential

fillers. T
herefore, subjects could have oc-

casionally recalled argum
ents from

 both
s
t
u
d
y
 
s
e
n
t
e
n
c
e
s
 
(
s
u
c
h
 
a
s
 
"
t
h
e
 
c
o
a
t
 
i
n
 
t
h
e

l
o
b
b
y
 
w
i
t
h
 
t
h
e
 
p
l
u
m
b
e
r

), even if in-
structed to recaU

 w
ords from

 only one sen-
tence. S

ubjects m
ight also have m

ade blend
errors resem

bling those found in the previ-
o
u
s
 
e
x
p
e
r
i
m
e
n
t
s
 
(
"
t
h
e
 
c
o
a
t
 
w
i
t
h
 
t
h
e

plum
ber " or "the w

atch in the lobby
T

w
enty-nine subjects from

 the sam
e

source as the other experim
ents w

ere used.

R
elults
O
v
e
r
a
l
l
,
 
t
h
e
 
s
u
b
j
e
c
t
s
 
p
e
r
f
o
r
m
e
d
 
a
b
o
u
t

the sam
e as subjects in E

xperim
ent I. T

hey
correctly recalled each individual w

ord
SO

%
 of the tim

e. T
hey correctly rec:alled all

three target w
ords 31%

 of the tim
e and cor-

rectly recalled none of the w
ords 45%

 of the
t
i
m
e
.
 
I
n
 
t
h
e
 
c
o
n
t
r
o
l
 
c
o
n
d
i
t
i
o
n
,
 
s
u
b
j
e
c
t
s

w
ere able to correctly recaU

 all three w
ords

38%
 of the tim

e, w
hile in the fint overlap

c
o
n
d
i
t
i
o
n
 
t
h
e
y
 
c
o
r
r
e
c
t
l
y
 
r
e
c
a
1
l
e
d
 42%

 and
in the second overlap, only 13%

. T
he dif.

ference betw
een the rates in the conlrol and

first overlap conditions w
as not sianificant

(z 

... .

B
I, 

;:. .05), but the differences be-
t
w
e
e
n
 
t
h
e
 
c
o
n
t
r
o
l
 
a
n
d
 
s
e
c
o
n
d
 
o
v
e
r
l
a
p
 

(z 

20, pC
::: .0001) and betw

een the rU
'S

t and
s
e
c
o
n
d
 
o
v
e
r
l
a
p
s
 
(
:
 
-
 
4
.

29, 
c:: .0001) w

ere
quite sianificant.

T
o determ

ine the rates of blendina in this
experim

ent, it w
as rant nec:euary to decide

w
h
a
t
 
t
y
p
e
s
 
o
f
 
C
I
T
O
I
S
 w

ould be considered
crossover errors. It w

as decided that M
Y

response m
ixins three w

ords (or blanks, in
the case of optional argum

ents) from
 tw

o
m
a
t
c
h
e
d
 
s
e
n
t
e
n
c
e
s
 
w
o
u
l
d
 
b
e
 
s
c
o
r
e
d
 
a
s
 
a

crossover error. For a com
plete list of the

v
a
r
i
o
u
s
 
t
y
p
e
s
 
o
f
 
c
r
o
s
s
o
v
e
r
 
C
I
T
O
I
S
,
 and their

obtained frequencies, see T
able I.

C
rossover errors w

ere m
ore frequent

(
s
i
a
n
 
t
e
s
t
,
 

c::: .001) in the first overlap con-
dition (13 occurrences, 5. 6%

) than in the

common
Pencil

common
Pencil
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T
A

B
LE

 I
C

aossoV
E

a E
uoa FR

E
Q

U
E

N
C

IE
S B

Y
 T

Y
PE

A
N

D
 C

O
N

D
IT

IO
N

T
ype of enor

3 &
; , w

ordscntcacea
P
V
O
.
 
-
-

PV
~L

P
PV

~ - -
p
 
V
 
0
,
 
L
 
P

PV
O

.
P
 
V
 
0
,
 
-
 
P

PV
O

J
PV

O
J

4 w
ord senlences

PV
O

.
PV

~-p
P
 
V
 
0
,
 
-
 
P

PV
o..L

-
P
 
V
 
0
,
 
L
 
P

PV
o..L

P
P
 
V
 
0
,
 
-
 
-

PV
o..--

T
o
t
a
l
 
f
r
e
q
u
c
n
c
:
i
c
s

C
ondition

hI 
2nd

overlap overlap C
onlrol

control condition (one occurrence, 0. 4%
).

T
here w

as no significant difference (p ;:.
O

S) 
betw

een the crossover error rates in
the second overlap condition (tw

o occur-
rences, 0. 9%

) versus the control condition,
w

hile the difference betw
een the rates in

the first and second overlap conditions w
as

s
i
g
n
i
f
i
c
a
n
t
 
(
p
 c:.: .01). O

nce again, the hy-
pothesis of synthesis-at-retrieval m

odels
w

as supported by the increased num
ber of

crossed intrusion errors betw
een sim

ilar
sentences.

T
he second hypothesis test com

pared the
conditional probabilities of correct recall of
all 

three 
w

ords, given correct recall of any
one of them

. T
his probability did not signif-

icantly differ (
z
;
 
.
.
.
 
-
 
. 27, 

;::. 

05) 
betw

een
the first overlap condition (p ... . 47) and the
control condition (p ... . 46). O

n the other
hand, the difference betw

een the condi-
tional probability in the control and second
overlap (p ... . 22) conditions w

as significant
(z; ... 3.

39, 
c:.: .001), as w

as the difference
betw

een the first and second overlap. con-

ditions (
z
;
 
.
.
.
 
3
.
5
6
,
 

c:.: .001). If one com
-

pares just the first overlap w
ith the control

condition, single-trace m
odels are sup-

ported by the lack of a difference in post-
access interference. B

ut as w
ith the first

experim
ent, one could argue that the

proper com
parison should be betw

een the
average of the tw

o overlap conditions and
the control condition. in w

hich case the
prediction of synthesis-at-retrieval m

odels
w

as supported.
T

he posttest questionnaires indicated
that m

ost subjects did not consciously inte-
grate sentences during encoding. In this ex-
perim

ent, seven subjects reported that pre-
sentation of a second overlap sentence
caused them

 to rem
em

ber the earlier over-
lap sentence, and eight reported that they
som

etim
es tried to integrate the tw

o sen-
tences into a larger w

hole. T
he ~ubjects

w
ho reported recalling earlier overlap sen-

tences w
ere no m

ore likely to m
ake blend

e
r
r
o
r
s
 
t
h
a
n
 
o
t
h
e
r
 
s
u
b
j
e
c
t
s
 
(
X

(1) ... .
62, 

;::.

05 
for the flJ'S

t overlap condition; the fre-
quency of errors w

as too sm
all to analyze in

the other conditions); elim
inatina them

from
 earlier data analyses had no signifi-

cant im
pact on the results of the hypothesis

tests. Sim
ilarly, subjects w

ho reported that
they had consciously integrated overlap
sentences w

ere also no m
ore likely to m

ake
a
 
b
l
e
n
d
 
e
r
r
o
r
 
t
h
a
n
 
o
t
h
e
r
 
s
u
b
j
e
c
t
s
 
(
X

(1) ...
07, 

;:. 

05), 
and elim

inating them
 from

 the
analyses had no significant im

pact on the
results. T

hus, although the percentage of
subjects w

ho claim
ed to have consciously

integrated overlap sentences w
as higher in

this experim
ent than in E

xperim
ent 2, they

w
ere even less likely to m

ake blend errors
than those in the earlier experim

ent.

E
xperim

ent 

In this experim
ent, w

e m
odified the eval-

uation procedure used in the study phase as
a cover story and as insurance of com

plete
e
n
c
o
d
i
n
a
,
 
I
n
 
t
h
e
 
o
t
h
e
r
 
e
x
p
e
r
i
m
e
n
t
s
,
 
s
u
b
-

jects had been asked to rate the plausibility
o
f
 
a
 
w
h
o
l
e
 
s
e
n
t
e
n
c
e
 
a
n
d
,
 
t
h
e
n
,
 
o
f
 

each in-
d
i
v
i
d
u
a
l
 
c
o
n
t
e
n
t
 
w
o
r
d
:
 

t
h
i
s
 
l
a
t
t
e
r
 
r
e
q
u
i
r
e
-

m
ent could conceivably have caused sub-

jects to encode a separate individual m
em

-
ory trace for each content w

ord. If this had
been the case, both m

ultiple- and single-
trace m

odels m
ight explain our results by

p
r
o
p
o
s
i
n
g
 
t
h
a
t
 
s
u
b
j
e
c
t
s
 
w
e
r
e
 
o
c
c
a
s
i
o
n
a
l
l
y

able to exploit associations betw
een traus

for individual w
ords. alona w

ith m
ore com

.
p
l
e
t
e
 
t
r
a
c
e
s
 
f
o
r
 
t
h
e
 
s
e
n
t
e
n
c
e
s
 
c
o
n
t
a
i
n
i
n
g

them
. T

herefore, E
xperim

ent 4 duplicated
the m

ethods of E
xperim

ent . 1, except that it
elim

inated the rating of individual w
ords

d
u
r
i
n
g
 
t
h
e
 
s
t
u
d
y
 
p
h
a
s
e
.
 
T
h
i
r
t
y
-
s
e
v
e
n
 
s
u
b
-

jects w
ere used, from

 the sam
e source as

the other experim
ents.

R
esults
O
v
e
r
a
l
l
,
 
t
h
e
 
s
u
b
j
e
c
t
s
 
p
e
r
f
o
r
m
e
d
 
w
o
r
s
e

than the subjects in the other three experi-
m

ents. Subjects correctly recalled each in-
dividual w

ord only 32%
 of the tim

e. T
he

low
er perform

ance can be attributed to the
fact that subjects, because they no longer
had to evaluate individual w

ords, spent less
tim

e encoding the sentences in the first
phase. T

hey correctly recalled both talpt
w

ords 16%
 of the tim

e and correctly re-
c
a
l
l
e
d
 
n
e
i
t
h
e
r
 
w
o
r
d
 

52%
 

of the tim
e. In the

control condition subjects w
ere able to re-

call both w
ords correctly 17%

 of the tim
e,

in the first overlap condition, 26%
 of the

t
i
m
e
,
 
a
n
d
 
i
n
 
t
h
e
 
s
e
c
o
n
d
 
o
v
e
r
l
a
p
 
c
o
n
d
i
t
i
o
n
,

only 
5%

 
of the tim

e. A
ll pairw

ise com
pari-

sons of these success rates w
ere significant:

control vs. first overlap (z; O
Il -2, 785, pc:.:

005), control vs. second overlap (z; ... 3. 81,
c:.: .0001), and first vs. second overlap (z;

.
.
 
4
.

395, 
c:.: .0001).

E
ven though subjects m

ade m
ore errors

overall, there w
ere few

er blend errors in
this experim

ent. N
o crossover errors w

ere
obtained betw

een control sentences. C
on-

sequently, crossover errors w
ere signifi-

cantly m
ore frequent (p c:.: .01) in the fll'st

overlap condition (7 occurrences, 2. 4%
)

than in the control condition. T
hey w

ere
also m

ore frequent (p c:.: .05) in the second
o
v
e
r
l
a
p
 
c
o
n
d
i
t
i
o
n
 

(5 
o
c
c
u
r
r
e
n
c
e
s
,
 
1
.
7
%
)

than in the control condition. T
here w

as no

significant difference (p ;::. 

05) 
betw

een the
crossover error rates in first and second
overlap conditions. T

herefore, this experi-
m

ent elim
inates the concern that crossover

errors m
ight have been an artifact of the

specific instruction to rate w
ords individu-

ally in E
xperim

ents 1
 
t
h
r
o
u
g
h
 
3
 
b
e
c
a
u
s
e

crossover errors, as predicted by synthesis-
at-retrieval m

odels. w
ere obtained even

though subjects w
ere instructed only to

evaluate the sentences as w
holes.

T
he conditional probabilities of correct

recall of both w
ords, Jiven correct rccaII of

one w
ord, did not sipificantly differ (z 

-1.16, 

;::. .05) betw
een tbe first ovW

p
condition (p .. . 35) and the control condi-
tion (p .. .31). O

n the other hand, the dif-
ference betw

een the conditional probability
in the control and second overlap (p - .

16)
conditions w

as significant (
z
;
 
.
.
 
2
.

78, 
c:.:

005), as w
as the difference betw

een the
flJ'S

t and second overlap conditions (z; -
93, pc:.: .005). A

s w
ith E

xperim
ent 3, sup-

port for single-trace venus synthesis-M
-

retrieval m
odels w

ould therefore dcpendon
w

hether one com
pared the first overlap

only. or the averaae of the fll'st- and M
e.

ond-overlap conditions to the control c0n-
dition.

T
he postlest questionnaires indieated

that once apin, m
ost subjects did not c0n-

sciously integrate sentences during encod-
ing. A

ll but one subject noticed that at least
som

e sentences shared content w
ords, yet

their estim
ates of the details of the overlap-

ping w
as again w

idely inaccurate. In this
experim

ent, eight subjects reported that
presentation of a second overlap sentence
caused them

 to rem
em

ber the earlier over.
lap sentence, and only four reported that
they som

etim
es tried to integrate the tw

o
sentences into a larger w

hole. T
he eight

subjects w
ho reported recam

nl earlier
o
v
e
r
l
a
p
 
s
e
n
t
e
n
c
e
s
 
w
e
r
e
 
D
O
 m

ore likely to
m

ake blend errors than other subjects ~I)

.. .

25. 

;::. .05, for the first overlap condi-
tion); elim

inating them
 from

 earlier data
analyses had no signifIC

ant im
pact on the

results of the hypothesis tests. S
im

ilarly,

common
Pencil
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subjects w
ho reported that they had con-

sciously intearated overlap sentences w
ere

also no m
ore likely to m

ake a blend elT
or

than other subjects ()(
(1) .. .

11, 

;::. .O
S),

and elim
inating them

 from
 the analyses had

no significant im
pact on the results.

G
E

N
E

R
A

L
 D

ISC
U

SSIO
N

T
aken together, the four experim

ents re-
ported here present an initially puzzling
p
a
t
t
e
r
n
 
o
f
 
r
e
s
u
l
t
s
.
 
T
a
b
l
e
 
2
 
i
U
u
s
t
r
a
t
e
s
 
t
h
e

pattern across aU
 four experim

ents for the
nuU

or dependent m
easures discussed here.

T
he rates of crossover erron obtained in all

four experim
ents supported the hypothesis

of synthesis-ai-retrieval m
odels that sim

ilar
sentence traces should blend durina recall.
W

e obtained the predicted blend elT
O

n, but
not a very larae num

ber of them
-only

about one out of 20 responses in the fint
overlap conditions.

T
he pattern of conditional probabilities

i
n
d
i
c
a
t
i
n
g
 
t
h
e
 
p
r
e
s
e
n
c
e
 
o
r
 
a
b
s
e
n
c
:
e
 
o
f
 
p
o
s
t
-

access interference betw
een sentences

show
ed less consistency across experi-

m
ents and, therefore, only inc:onc:lusive ev-

idence for the effect predicted by synthesis-
at-retrieval m

odels. If one w
ishes to com

-
pare the ave... of t

h
e
 
f
a
n
t
 
a
n
d
 
s
e
c
o
n
d

overlap conditions w
ith the control condi-

tion, one w
ill fand support for synthesis-at-

retrieval m
odels in E

xperim
ents I, 3, and 4,

because postaccess interference w
as found

w
ith the a

v
e
.
.
.
 
o
v
e
r
l
a
p
 sentences. If one

instead com
pares only the fant overlap con-

dition w
ith the control condition, support

for synthesis-ai-retrieval m
odels can only

be found in E
xperim

ent I.
O

ne m
ust consider the possibility that the

obtained pattern of results w
as som

ehow
 a

consequence of encoding blends, of the sort
that w

e had tried to avoid in designing the
cover task. Y

et the results of posttest ques-
tionnaires show

ed very little indication of
a
n
y
 
s
y
n
t
h
e
s
i
s
 
o
f
 
t
r
a
c
e
s
 
d
u
r
i
n
g
 
e
n
c
o
d
i
n
g
.

S
u
b
j
e
c
t
s
 
S
e
n
e
r
a
U
y
 
d
i
d
 
n
o
t
,
 
i
n
 
f
a
c
t
,
 
r
e
c
a
l
l

and reintearate earlier overlap sentences
w

hile reading later ones-and the obtained
results w

ere unaffected by excluding those
subjects w

ho did report occasional blendins
during encodins. S

o w
e m

ay tentatively
conclude that the pattern of responses and
the frequency of crossover errors w

as ob-
tained as a result of " true

"
 
b
l
c
n
d
i
n
a
,
 
e
i
t
h
e
r

in storage or durins retrieval.
G

iven this conclusion, w
hat im

plications
do the data have for the various m

odels of
recall? W

e w
ill fint exam

ine in som
e detail

how
 a synthesis-at-retrieval m

odel m
isht

account for the data. L
ater, w

e w
ill turn to

a discussion of w
hether single-trace and

synthesis-in-storage m
odels m

isht produce
s
i
m
i
l
a
r
 
r
e
s
u
l
t
s
.

C
om

puter Sim
ulations of a

Synthesis-al- R
etrieval M

odel

In order to detennine w
hether or not a

detailed im
plem

entation of a synthesis-at-
retrieval m

odel could account for the data,
w

e constructed an interactive activation

m
o
d
e
l
 
b
a
s
e
d
 
o
n
 
t
h
e
 synthesis-at-retrieval

m
odel discussed in the introduction (M

c-
C

lelland, 1981). T
he resultins com

puter
sim

ulations proved to be very inform
ative

as w
e attem

pted to m
ake sense of the ex-

perim
ental data.

T
he synthesis-at-retrieval m

odel of M
c-

C
lelland (1981) w

as adapted for the current
experim

ents by assum
ing that the study of

e
a
c
h
 
s
e
n
t
e
n
c
e
 
c
r
e
a
t
e
d
 
a
n
 
" instance

"
 
u
n
i
t

f
o
r
 
t
h
e
 
s
e
n
t
e
n
c
e
 
t
r
a
c
e
 
a
s
 
a
 
w
h
o
l
e
,
 
l
i
n
k
e
d

w
ith bidirectional excitatory connections to

five " property " units, one for each nuU
or

content w
ord in the sentence. A

ll of the in-
stance units tosether form

ed a pool of
units, as did all of the property units corre-
spondina to a siven sentence role. A

ll units
w

ithin a pool w
ere linked by bidirectional

inhibitory connections (using nesative
w

eights), reflecting the fact that the units
w
i
t
h
i
n
 
t
h
e
m
 
r
e
p
r
e
s
e
n
t
 
m
u
t
u
a
l
l
y
 
e
x
c
l
u
s
i
v
e

inform
ation that should not be recalled si-

m
ultaneously.
B

ecause the overlap sentences shared
w

ords, the corresponding units in the pr0p-
erty units pools w

ould also be shared. Sim
-

u
l
a
t
i
o
n
 
o
f
 
r
e
c
a
l
l
 

proceeded
by activaU

na the
property units representing the recall cue
w

ords. In the case of an overlap sentence,
activation from

 the cued units w
ould be

sent along excitatory connections to the in-
stance units for botb overlap seoteoc:es.
For iU

ustration, exam
ine the exam

ple of a
single quadruple of sentences from

 E
xperi-

m
ent I show

n in Fig. 2. T
he tw

o instaD
ce

units w
ould com

pete for activaaion, due 10
their inhibitory connections; they w

ould
also feed back activation to the cue w

ords,
a
s
 
w
e
D
 
a
s
 
t
h
e
 
t
a
q
e
t
 
w
o
r
d
s
.
 
I
n
 
t
h
e
 
p
o
o
l
s

containing the taqet w
ords, further com

pe-
tition w

ould result from
 the activation of

the m
utually inhibitory units. E

ventually,
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the activation levels of all units w
ill stop

fluctuating, after the netw
ork has "set-

tied," and the units w
ith the highest activa-

tions can be chosen as the response. N
ote

that if the cue had been w
ords from

 a con-
trol sentence then the correct answ

er w
ould

be retrieved w
ithout com

petition, because
activation w

ould flow
 to only one instance

unit, and only one w
ord per pool.

A
ctually, as outlined above, the m

odel
w

ould not be able to settle the com
petition

betw
een overlap sentence w

ords, because
their inputs and resulting activations w

ould
alw

ays be equal. B
ased on this, the m

odel
led us to expect that our experim

ents w
ould

generate m
ore blend errors than w

ere actu-
ally obtained. H

ow
ever, a general problem

w
ith the interactive activation m

odel has
recently been uncovered in other applica-
tions: it fails to take account of the im

por-
tant role of inherent variability in process-
ing (H

inton &
 Scjnow

ski, 1986). O
nce this

variability is introduced to the m
odel, sev-

eral difficulties are resolved (M
cC

lelland,
1991).
I
n
 
t
h
e
 
p
r
e
s
e
n
t
 
a
p
p
l
i
c
a
t
i
o
n
,
 
a
d
d
i
n
g
 vari-

ability causes the m
odel to tend to favor

one of tw
o com

plete sentence traces rather
than a blend; the blend states represent
l
e
s
s
-
o
p
t
i
m
a
l
 
p
o
i
n
t
s
 
i
n
 
t
h
e
 
"goodness

"
 
l
a
n
d
-

scape of netw
ork states (R

um
elhart et aI.,

1
9
8
6
)
,
 
a
n
d
 
v
a
r
i
a
b
i
l
i
t
y
 
a
l
l
o
w
s
 
t
h
e
 netw

ork to
escape such local m

inim
a. M

cC
lelland

(1991) indicates that variability m
ay be in-

troduced in a variety of w
ays w

ith sim
ilar

results; in the present m
odel, w

e sim
ply in-

jected a sm
all am

ount of norm
ally distrib-

uted random
 noise into the input to each

unit at each update. (T
he detailed assum

p-
tions governing the activation process are
included as A

ppendix B
.) T

he addition of
intrinsic variability allow

ed the m
odel to

correctly produce low
er blend rates, yet it

tended to produce too large a difference in
the probability of correct recall in the con-
trol versus the overlap conditions. (T

his is
e
q
u
i
v
a
l
e
n
t
 
t
o
 
o
v
e
r
p
r
e
d
i
c
t
i
n
g
 
t
h
e
 
d
i
f
f
e
r
e
n
c
e

i
n
 
t
h
e
 
c
o
n
d
i
t
i
o
n
a
l
 
p
r
o
b
a
b
i
l
i
t
y
 
o
f
 
r
e
c
a
l
l
i
n
a

b
o
t
h
 
w
o
r
d
s
.
)
 
D
e
s
p
i
t
e
 
h
u
n
d
r
e
d
s
 
o
f
 
s
i
m
u
l
a
-

tions using m
any variations of param

eter
com

binations, w
e w

ere sim
ply unable to

obtain an adequate fit to both the crossover
error frequency and the conditional proba-
bility data sim

ultaneously.
T

he inadequacies of the m
odel w

ere
eventually traced to the concept of encod-
ing failure. It is quite evident from

 the ex-
perim

ental results that subjects did not
have perfect m

em
ory for aU

 sentences in
t
h
e
 
e
x
p
e
r
i
m
e
n
t
s
,
 
c
o
n
s
i
d
e
r
i
n
g
 
t
h
e
 
r
a
t
e
 
o
f

SO
%

 or areater recall failure. In any m
odel

of m
em

ory, an item
 cannot be recalled if it

w
as im

properly encoded in the first place.
Y

et the m
odels as discussed so far have

sim
ply assum

ed that subjects com
pletely

encoded all sentence inform
ation. T

here-
fore, w

e needed to exam
ine how

 a synthe-
sis-at-retrieval m

odel perform
s w

hen 50%
or m

ore of the properties in traces are either
m
i
s
s
i
n
g
 
o
r
 
t
o
o
 
w
e
a
k
 
t
o
 
b
e
 
r
e
c
a
l
l
e
d
 
c
o
r
-

rectly.
H

ow
 w

ould a synthesis-at-retrieval
m

odel perform
 w

ith encoding failures? B
e-

cause of the sim
ultaneous access of all rel-

e
v
a
n
t
 
t
r
a
c
e
s
 
i
n
 
a
 synthesis-at-retrieval

m
odel, w

henever one of the tw
o target

w
ords in an overlap sentence had not been

a
d
e
q
u
a
t
e
l
y
 
e
n
c
o
d
e
d
,
 
t
h
e
 
c
o
r
r
e
s
p
o
n
d
i
n
a

w
ord from

 the other overlap sentence trace
w

ould tend to be retrieved instead, as long
as it had been properly encoded itself. In
f
a
c
t
,
 
t
h
i
s
 
t
y
p
e
 
o
f
 
e
f
f
o
r
t
l
e
s
s
 
d
e
f
a
u
l
t
 
a
s
s
i
g
n
-

m
ent is a w

ell-know
n advantage of synthe-

sis-at-retrieval m
odels related to their gen-

eralization abilities (M
cC

lelland, 1981;
R

um
elhart et aI., 1986). H

ow
ever, the syn-

thesis-at-retrieval m
odel discussed earlier

w
as already predicting blend errors w

hen
e
n
c
o
d
i
n
g
 
f
a
i
l
u
r
e
 
w
a
s
 
n
o
t
 
c
o
n
s
i
d
e
r
e
d
.

W
ould they not predict entirely too m

any
blend errors, relative to the low

 frequency
actually obtained in the experim

ents, if a
good portion of the p

r
o
p
e
r
t
i
e
s
 
o
f
 
t
r
a
c
e
s

w
ere absent yet filled in through default as-

signm
ent?

T
o capture encoding failure in our m

odel,
w

e assum
ed that each connection betw

een
a property unit and its associated instance

unit had a certain percentage chance of be-
ing absent (20%

, one w
ord from

 each sen-
tence on average), T

he w
eights on these

connections w
ere sim

ply set to zero. . T
he

settings for other w
eights follow

ed natu-
rally from

 characterizing the nature of the
stim

uli in the experim
ents, although the

particular values that w
e settled on w

ere
t
h
e
 
r
e
s
u
l
t
 
o
f
 
t
r
i
a
l
-
a
n
d
-
e
r
r
o
r
 param

eter
searching. T

he w
eights on intact, properly

encoded connections w
ere set to 0. 8. T

he
w

eights on connections w
ithin pools of

w
ord units w

ere all set to -
 
1
.0, w

hile tbosc
w

ithin the instance unit pool w
ere stronger

( - 2.1), to counterbalance the activation
com

ing from
 the three w

ord units and to
ensure adequate com

petition betw
een sen-

tences. In the experim
ental data, subjects

errors indicated that there w
ere som

e asso-
ciations betw

een w
ords from

 com
pletely

d
i
f
f
e
r
e
n
t
 
s
e
n
t
e
n
c
e
s
;
 
t
h
e
s
e
 
a
s
s
o
c
i
a
t
i
o
n
s

w
ere captured by inserting random

ly deter-
m
i
n
e
d
,
 
n
o
n
n
e
g
a
t
i
v
e
 
w
e
i
g
h
t
s
 

(M
 

.
.
 
0
.

2, 

=
 0.25) betw

een all w
ord and instance

units.
T

he m
odel netw

orks for each experim
ent

reflected the m
aterials used in that experi-

m
ent. For E

xperim
ents I and 4, the net-

w
ork therefore contained a pool of 32 in-

stance units, tw
o pools of 32 taqet w

ord
units, and three pools of 24 w

ord units (16
control w

ords +
 8 overlap w

ords per pool). 
F
o
r
 
E
x
p
e
r
i
m
e
n
t
 
2
,
 
t
h
e
 
n
e
t
w
o
r
k
 
c
o
n
s
i
s
t
e
d
 
o
f
 

36 instance units, tw
o pools of 24 overlap

cue units (12 overlap +
 12 control), one 

~
 
0
.
3

p
o
o
l
 
o
f
 
3
6
 
n
o
n
o
v
e
r
l
a
p
 
c
u
e
 
u
n
i
t
s
,
 
a
n
d
 
t
w
o
 

pools of 36 target units. (E
xperim

ent 3 w
as 0.2

not m
odelled due to the difficulty of deter-

m
ining how

 to sim
ulate the "

r
e
c
a
l
l
"
 
o
f
 
a
b
-

sent optional w
ords. ) B

ecause the differing
results from

 E
xperim

ents I and 4 w
ere

thought to have been a result of less rigor-
ous encoding in E

xperim
ent 4, the only dif-

ference betw
een the netw

orks for E
xperi-

m
ents I and 4 w

as an increase in the encod-
i
n
g
 
f
a
i
l
u
r
e
 
r
a
t
e
 
f
o
r
 E
x
p
e
r
i
m
e
n
t
 
4
 
(
3
5
%

failures, up from
 20%

).
T

o test recall, external activation w
as in-

put to the three cue w
ord units for each of

t
h
e
 
t
e
s
t
 
s
e
n
t
e
n
c
e
s
.
 T

he response of the
com

puter subject w
as sim

ply taken as the
unit w

ith the highest activation above a re-
sponse threshold (0.1) in each target w

ord
pool after 100 tim

e cycles, enough tim
e to

allow
 the netw

ork to settle into an equilib-
rium

 and form
 a reasonable response hy-

p
o
t
h
e
s
i
s
.
 
A
 
t
o
t
a
l
 
o
f
 
1
0
0
 com

puter subjects
w

ere run for each com
puter sim

ulation;
w

ith each com
puter subject, a new

 random
set of stim

ulus and random
 association

w
eights w

as generated. T
he perform

ance of
each netw

ork w
as fit to the data as show

n in
Fig. 3 through 5; the dependent m

easures
fit by the m

odel included the frequency of
recalling tw

o, one, or zero w
ords correctly,

along w
ith crossover intrusion errors (in-

eluding
" double intrusions " of tw

o overlap
distractor w

ords in E
xperim

ent 2), in both
the first overlap and control conditions. In
so doing, w

e ensured that the m
odel not

only had the correct overall recall rates but
also the appropriate perform

ance w
ith re-

spect to both hypothesis tests-blend rates
and postaccess interference rates (w

hich
depend on the rates of recalling one or tw

o
w

ords correct per sentence). T
he second
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odeU
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ore interestiq test of the synthe-
sis-at-retrieval m
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w
hen w

e had com
pared the conditional re-

call probabilities of only the first overlap to
the control conditions, the data had seem

ed
t
o
 
s
u
p
p
o
r
t
 single-trace m

odels in three of
the four experim

ents.
I
n
 
f
a
c
t
,
 
o
u
r
 
s
y
n
t
h
e
s
i
s
-
a
t
-
r
e
t
r
i
e
v
a
l
 m

odel
w

as able to capture the details of the exper-
im

ental data quite w
eD

. In the data fits il-
lustrated in F

igs. 3 to 5, the m
odel's perfor-

m
ance w

as not statistically different from
that of our hum

an subjects (for E
xperim

ent
I
,
 
)
( (7) ... 7.0, 

... .42; for E
xperim

ent 2,
(
9
)
 
.
.
.
 
1
.
5
.

9, 

.
.
.
 
.07; for E

xperim
ent 4,

)
(
1
7
)
 
.
.
.
 
1
1
.

2, 

.
.
.
 
.13). H

ow
ever, the fit

com
es close to failing significance tests in

tw
o of the three cases. W

e w
ere able to

obtain even closer data fits by increasing
the inhibition betw

een instance units in E
x-

perim
ents I and 4 (to - 2. 5) and decreasing

it for E
xperim

ent 2 (to -
 
2
.0). W

ith the use
o
f
 
t
h
i
s
 
o
n
e
 
a
d
d
i
t
i
o
n
a
l
 
f
r
e
e
 param

eter w
e

w
ere able to achieve a nearly perfect cor-

respondence betw
een the perform

ance of
the m

odel and of the experim
ental subjects

(
f
o
r
 
E
x
p
e
r
i
m
e
n
t
 
I
,
 

~Z
V

) 
.
.
.
 
1
.
8
2
1
,
 

... .97;
for E

xperim
ent 2, )( (9) ... 2.

499, 

... .98;
for E

xperim
ent 4, )(17) ... 2. 996, 

... .89).
O

ne reason for varying this inhibition pa-
ram

eter betw
een experim

ents is that it
m

ight reflect the ability ofa subject
s m

em
-

ory system
 to strategically increase com

-
petitive inhibition betw

een equivalently
cued overlap traces, as found in E

xperi-
m

ents I and 4. W
hile the overlap sentences

in E
xperim

ents I and 4 shared three w
ords,

those in E
xperim

ent 2 shared only tw
o; the

recall cues in E
x
p
e
r
i
m
e
n
t
s
 
I
 
a
n
d
 
4
 
w
e
r
e

am
biguous, w

hile those in E
xperim

ent 2
fully cued only one of the overlap sen-
tences. W

hen the recall cues w
ere given,

therefore, there w
as a tougher conflict to be

resolved betw
een the sentence traces in

E
xperim

ents 1 and 4. T
his leads us to the

speculation that the m
em

ory system
s of

subjects m
ay have been attuned to either

the total am
ount of com

petitive processina
or to the am

biauity of cues and w
ere able to

lU
ljust the severity of com

petition accord-
ingI y .

C
ertainly, the suuestion that there is a

difference in strategy betw
een E

xperim
ents

I and 4 on the one hand and E
xperim

ent 2
on the other is post hoc and w

ould need to
be confanned through foD

ow
up studies be-

fore it could be taken s
e
r
i
o
u
s
l
y
.
 
F
u
r
t
h
e
r
,

the utility of the notion that aspects of stra-
tegic control m

ight be successfuD
y m

od-
elled in term

s of regulating the strength of
inhibition is only suuested, rather than
dem

onstrated, by the present sim
ulation re-

sults. H
ow

ever, there is p
f
C
(
:
e
d
c
n
t
 
f
o
r
 
t
h
e

notion that subjects m
ay have som

e strate-
gic control over aspects of interactive acti-
vation processes. R

um
elhart and M

cC
lel-

land (1982) show
ed that they could account

for the effects of subjects ' expectations for
type of context in visual letter recoanition
studies (C

arr, D
avidson, Ii H

aw
kins, 1978)

by assum
ina that subjects controlled the

letter-to-w
ord inhibition param

eter in the
interactive activation m

odel of letter per-
ception. O

ther types of strateaic control
over activation processes are under explo-
ration in connectionist m

odels of attention
(C

ohen, D
unbar, Ii M

cC
lelland, 1990), and

differences in strategic control over such
processes m

ay be relevant to certain as-
p
e
e
t
s
 
o
f
 
s
c
h
i
z
o
p
h
r
e
n
i
c
 
t
h
o
u
g
h
t
 
d
i
s
o
r
d
e
r

(C
ohen Ii Servan-

S
c
h
r
e
i
b
e
r
,
 
1
9
9
2
)
.

In any case, it appears that a stochastic::
interactive activation m

odel w
hich uses a

s
t
r
a
i
g
h
t
f
o
r
w
a
r
d
 
r
e
p
r
e
s
e
n
t
a
t
i
o
n
 
o
f
 
t
h
e
 
e
x
-

perim
ental m

aterials and w
hich allow

s a
reasonable am

ount of encodina failure can
e
x
h
i
b
i
t
 
b
e
h
a
v
i
o
r
 
j
u
s
t
 
l
i
k
e
 
t
h
a
t
 
o
f
 hum

an
subjects. T

he m
odel m

ade blend errors w
ith

the appropriate frequency as the default as-
signm

ent abilities of an interactive activa-
tion netw

ork w
ould tend to fill in w

ords
from

 one overlap sentence w
hen the trace

for its pair w
as m

issins desired inform
ation

(due to encodins failure). S
urprisinalY

, the
m

odel also solved the m
ystery of the incon-

sistent conditional probability data, pro-
ducina the observed pattern of r

e
c
:
a
U
 
p
e
r
-

form
ance not only in E

xperim
ent I, w

hose
data seem

ed to support synthesis-at-
retrieval m

odels, but also in E
xperim

ents 2

and 4, w
hose data pointed tow

ard a single-
trace account of postaccess interference
rates. B

ecause of the frequency of enc:oclina
failures suggested by the m

odel, one can
s
e
e
 
t
h
a
t
 
t
h
e
 
p
r
o
b
a
b
i
l
i
t
y
 
o
f
 
r
e
c
a
l
l
i
n
g
 
a
 
s
e
c
-

ond w
ord from

 a sentence, given the cor-
rect recall of a fant w

ord, w
iD

 depend quite
considerably on the probability that the
second w

ord w
as properly encoded in the

first place. T
he particular probabilities

found in the different conditions in each ex-
perim

ent can therefore be seen as a reflec-
t
i
o
n
 
o
f
 
t
h
e
 
p
a
r
t
i
c
u
l
a
r
 com

position of the
s
e
n
t
e
n
c
e
 
m
a
t
e
r
i
a
l
s
 
i
n
 
t
h
a
t
 
e
x
p
e
r
i
m
e
n
t
,

alona w
ith the encoding failure rato-aU

 in-
corporated into the successful m

odel.

O
ther M

odels

G
iven the success of our specifIC

 synthe-
sis-at-retrieval m

odel, it is w
orth consider-

ina how
 the tw

o other claise. of m
odel.

w
ould behave B

iven sim
ilar ...um

ption.
about enc:odina failure. L

et us fant consider
the sinale-trace m

odels. T
here w

as no ex-
p
e
r
i
m
e
n
t
a
l
 
e
v
i
d
e
n
c
e
 
t
h
a
t
 
s
u
b
j
e
c
t
s
 
.
.
 
a

group consciously intep'ated sim
ilar sen-

tences during the ratiB
l task, altbou&

b the
possibility rem

ains that such trace synthe-
sis occurred unconsciously or in a

 
s
u
m
-

ciendy O
cetina m

anner, despite our m
anip-

ulations to m
inim

ize it. If one w
ishes to be-

lieve in this latter possibility, then the
ability of single-trace m

odels to synthesize
traces during encodina, shared w

ith synthe-
sis-at-retrieval and synthesis- in-storaae
m

odels, w
ould allow

 them
 to account for

the apparent m
em

ory blend. as m
ore of an

elaboration.... -cnc:odiog pbeaom
cnoD

.
H

ow
ever, it m

isht also be the case that a
single-trace m

odel like S
hifT

rin
SA

M
m

odel w
ould also fit the data if m

ultiple K
-

cess attem
pts w

ere allow
ed in case. w

here
an initial trace selection resulted in incom

-
plete rec:aU

, as m
ight occur after encoding

failure. Successive attem
pts could proc.ocd

j
u
s
t
 
l
i
k
e
 
t
h
e
 
f
i
n
t
,
 
w
i
t
h
 
t
h
e
 
p
r
o
b
a
b
i
l
i
t
y
 
o
f

selectina a given trace based on that trace
sim

ilarity to the cue. B
ecause overlap sen-

tence traces equally m
atch the cue, they

common
Pencil
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!ould have an equally good chance for se-
:ction. So if a first attem

pt accessed an
verlap sentence trace containing only one
f the tw

o target w
ords, and a second at-

:m
pt accessed the other overlap sentence,

\e subject m
ight m

ake a crossover error. It
eem

s plausible that this type of single-
-ace/m

ultiple-access m
odel could give an

ccount for at least the ,eneral trends in the
ata.
N

evertheless, this kind of extension of
\c sinale-trace m

odel really am
ounts to

unins it into a s
y
n
t
h
e
s
i
s
-
a
t
-
r
e
t
r
i
e
v
a
l
 
a
c
-

ount. T
his m

odified single-trace m
odel

nd our m
odcl essentially only dift'er in that

le m
ultiple traces arc accessed in succes-

ion in one case and sim
ultaneously in the

ther, U
nfortunately, as w

ith m
any thco-

~
tical disputes betw

een sequential and par-
lIel m

odels, it w
ould be difficult to devise

n experim
ent to adequately test betw

een
le revised s.ingle-trace m

odel and a synthe-
is-at-retrieval m

odel. O
ne m

ight m
easure

esponse tim
es to crossover errors as com

-
,ared to correct responses, w

ith the hy-
,othesis that successive accessins of m

ul-
,pic traces w

ould lead to lonaer response
Im

cs in the case of the blends. B
ut synthe-

is-at-retrieval m
odels such as the one pre-

cnted hero w
ould also predict lonaer re-

ponse tim
es w

ith crossover errors, as they
l
d
e
e
d
 
t
a
k
e
 
l
o
n
a
e
r
 
t
o
 
s
e
t
d
e
 
i
n
t
o
 
a
 stable

,attem
 of activations w

hen the extra com
-

.ctition betw
een overlap sentence traces

nd the low
er "goodness

"
 
l
e
v
e
l
 
o
f
 
b
l
e
n
d
s

re involved.
A

s for the synthesis- in-storage m
odels, it

em
ains to be studied how

 m
odels using su-

.crpositional m
atrix- or convolution- based

torage (for exam
ple, those of K

napp &
\nderson, 1984; M

cC
lelland &

 R
um

elhart,
985; or M

etcalfe, 1990) w
ould lII8D

8Ie the
ask of sim

ulatins the specific pattem
s of

ccall perform
ance found in our experi-

I\ents. It w
iD

 be of interest to discover
vhether these types of m

odels could pro-
l
u
c
e
 
(
U
 

few
 

b
l
e
n
d
 
c
r
r
o
n
 
a
s
 
w
e
r
e
 
o
b
t
a
i
n
e
d

1\ our studies, given their tendency to blur
he distinctions betw

een traces. Perhaps

through the use of larger vectors represent-
ing sentence properties or highly differen-
tiable "

c
o
n
t
e
x
t
"
 
v
e
c
t
o
r
s
,
 
t
h
e
s
e
 
m
o
d
e
l
s

could m
anage to preserve an appropriate

distance betw
een the representations of

overlap sentences. A
fter all, the represen-

tation of overlap sentence traces in our syn-
thesis-at-retrieval m

odel do reflect a certain
t
y
p
e
 
o
f
 
s
y
n
t
h
e
s
i
s
-
i
n
-
s
t
o
r
a
g
e
,
 
i
n
 
s
o
 
f
a
r
 
a
s

they share the sam
e property unit in every

occurrence of overlap. T
hus it seem

s that
the success of a synthesis- in-storage m

odel
m

ay hinge on the degree to w
hich it is iso-

m
o
r
p
h
i
c
 
t
o
 
a
 synthesis-at-retrieval m

odel
l
i
k
e
 
t
h
e
 
s
t
o
c
h
a
s
t
i
c
 
i
n
t
e
r
a
c
t
i
v
e
 
a
c
t
i
v
a
t
i
o
n

m
odel outlined here. T

he synthesis- in-
storage and synthesis-at-retrieval classes of
m

em
ory m

odels share m
ore characteristics

w
ith each other than w

ilh the single-trace
m
o
d
e
l
s
 
a
n
d
 
c
o
u
l
d
 
b
e
 
e
x
p
e
c
t
e
d
 
t
o
 
p
e
a
f
o
r
m

m
ore sim

ilarly.

C
onclusion

w
ould allow

 for the relatively low
 fre-

quency of blend errors obtained in the ex-
perim

ents, T
he effort to determ

ine w
hether

such m
odels can be m

ade to fit the data m
ay

lead to new
 constraints on synthesis-in-

storage m
odels, as has been the case for

m
o
d
e
l
s
 
o
f
 
t
h
e
 
s
y
n
t
h
e
s
i
s
-
a
t
-
r
e
t
r
i
e
v
a
l
 
t
y
p
e
.

C
onversely, it w

ill be interestins to exam
-

ine w
hether the prototyping and generaliza-

t
i
o
n
 
p
r
o
p
e
r
t
i
e
s
 
o
f
 
t
h
e
 
s
y
n
t
h
e
s
i
s
-
i
n
-
s
t
o
r
a
a
e

m
odels, a natural advantage of their ten-

dency to blur distinctions betw
een traces,

can be captured w
ith the synthesis-at-

retrieval m
odel that w

e have presented
here. T

hese com
plem

entary studies m
ay

take us closer to understandins w
hat gov-

em
s the hum

an ability to g
e
n
e
r
a
l
i
z
e
 
w
e
l
l

and yet preserve relatively distinct access
to particular prior events.
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 A

:
PosT

-T
E

S
T

 Q
U

E
S

T
IO

N
N

A
IR

E

t. In Pan t, you read 40 senlelltcs and evalualed S
conlenl w

ords per lenience. D
id you at any poinl no-

lice lhal som
e senlences used som

e or lhe sam
e con-

lenl w
ords as other senlences had used?

2, A
fter aboul how

 m
any or lhe 40 senlences did you

f
i
n
l
 
n
o
l
i
c
e
 
I
h
i
s
 
d
u
p
l
i
c
a
t
i
o
n
 
0
1
'
 w

onts?
), A

boul how
 m

any sentences w
ould you say sbued

c
o
n
l
e
n
l
 
w
o
r
d
s
 
w
i
l
h
 
O
I
h
e
r
 
s
e
n
l
e
n
c
e
s
?

4
,
 
I
f
 
a
 
s
e
n
t
e
n
c
e
 
s
h
a
r
e
d
 
w
o
r
d
s
,
 
w
e
r
e
 
I
h
n
e
 
w
o
r
d
s

alw
ays shared w

ith just one other senlence, or did
som

e senlences share w
ords w

ith m
ore than one other

sentence?
S, If a liven contenl w

ord w
as sbued betw

een m
ore

than one senlence, did II appear in only tw
o sentencn.

or did som
e conlenl w

ords appear in m
ore than tw

o
senlences?

6. W
hen scnlelltes shared som

e or !he five conlenl
w

ords, did they alw
ays share lhe sam

e num
ber or

w
ords?
7. W

hen you w
ould realize lhal a sentence shared

w
ords w

ilh a lenience lhal you read earlier, did you
rec:a1llhe earlier lenience?

8, D
id you ever Iry 10 relale !he subject m

ailer or
senlelltes lhal shared w

ords, or try 10 com
bine !he

s
i
m
i
l
a
r
 
s
e
n
l
e
n
c
e
s
 
i
n
l
o
 
a
 sinaJe, m

ore com
plex sen-

lellte?

T
he subjects in the four experim

ents def-
initely exhibited less m

em
ory blending than

m
ight have been expected follow

ing the
predictions of som

e synthesis-at-retrieval
m

odels. H
ow

ever, the data from
 the exper-

im
ents do appear to be consistent w

ith syn-
thesis-at-retrieval m

odels w
hen they in-

clude: (I) a source of inherent variability;
and (2) the possibility of encodins failure.
T

he version of the M
cC

lelland (1981) syn-
thesis-at-retrieval m

odel investigated. here
provided a very good qualitative and quan-
titative account for the heterogeneous-
and initially puzzlins~

xperim
ental find-

inss.
Single-trace m

odels could potentially ac-
count for the experim

ental data by either
assum

ing that unconscious or fleeting pro-
c
e
s
s
e
s
 
l
e
a
d
 
t
o
 
o
c
c
a
s
i
o
n
a
l
 
s
y
n
t
h
e
s
i
s
 
o
f

t
r
a
c
e
s
 
d
u
r
i
n
s
 
e
n
c
o
d
i
n
s
,
 
o
r
 
t
h
a
t
 
s
u
c
c
e
s
s
i
v
e

retrieval of single traces (assum
ing encod-

ins failure) leads to synthesis at retrieval.
T

he data poses som
e challenges for (:er-

l
a
i
n
 
s
y
n
t
h
e
s
i
s
- in-storaac m

odels. It is not
s
e
l
f
~
v
i
d
e
n
t
 
w
h
e
t
h
e
r
 
o
r
 
n
o
t
 
t
h
e
 
s
u
p
e
r
p
o
s
i
-

t
i
o
n
a
!
 
s
t
o
r
a
a
e
 
o
f
 
t
r
a
c
e
s
 
i
n
 
t
h
e
s
e
 m

odels
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: D
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SIM
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O
D

E
L

P
rocc.sinaln lhe m

odel b
q
I
"
,
 
b
y
 
I
O
l
l
i
n
a
 
C
l
x
l
C
m
I
I

inpuls 10 !he netw
ork and reseelina !he aclivation or aU

units 10 0, Proc:essina lhen proc:eeds for 100 cycles, In

each cycle. nel inpuls 10 each unil are calc:ulated based
on existina activations. !hen aclivalions are updated
b
a
s
e
d
 
O
I
I
l
h
e
 
n
e
l
 
i
n
p
u
l
s
,
 
T
h
e
 
n
e
l
 
i
n
p
u
l
l
o
 
a
 
p
a
n
i
c
:
u
J
a
r

unil i at tim
e I is:

neIA
') - I/",II').') +

 
exIA

') +
 E

w
here !he sum

m
ation I'IIIIIC

S
 over a

U
 
u
n
i
l
s
)
 
w
i
t
h

c
o
n
n
e
c
t
i
o
n
s
 
1
0
 
u
n
i
t
 

11/4/ is !he w
eiahl belw

een anoIher unit) and
unil 

is the O
U

lpul or unil) (w
blch equals !he

acllvalion a
J for 

dllJ 
)0 0, and 0 otberw

llO
).

exlA
') is the extem

al iD
pullO

 !he unit (10110 1.
for a cue), and

t
.
 
i
.
 
n
o
r
m
a
l
l
y
 
d
i
l
l
r
i
b
u
t
c
d
 
I
l
O
i
l
O
 
w
i
t
h
 
a
 
I
I
I
C
8
I
I
 

0 and standard devialioa (I,

O
nce !he net input 10 a unit II c:om

puted, the resuIt-

ina chanae in its activation depends O
G
 
w
b
e
l
h
e
r
 
t
h
e
 
n
e
t

i
n
p
u
l
 
i
.
 

if nel, )0 0,
A
l
I
,
 
-
 

is'l(- 
-
 
a
,
)
D
e
t
,
 
-
 
d
K
a
y
(
a
,
 
-
 

nil),
otherw

ise.
A
l
I
,
 
.
 

is'l(a. 
- ""II)net, - ."ay(a, -

 
"
1
1
)
.

w
here

is', 
is a puam

eler sc:aIina !he relalive size or !he
inO

uenc:c 01' inpulS
 10 units.

"'1U
 

is !he m
axim

um
 activation panm

eter,
d~"ay 

is a puam
eler delC

l1llinin&
 !he IIreII8Ib 01

!he tendency 10 return 10 restina level,
'~I' 

is !he restina activation p8I1IIneter, 8D
d

""II 
is !he m

inim
um

 activation .....-...

Finally, !he resuItJna acdvatIon II tim
e avenrpd be-

fore choosina the m
ost active uaiI:

1
,
(
1
)
 
.
 
M
I
,
(
I
 
-
 
I
)
 
+
 
(
I
 
-
 
~
)
I
,
(
I
 
-
 
I
)
,

w
h
e
r
e
 
~
 
I
I
 
a
 
.
.
.
.
.
.
.
.
.
.
 JIW

II'IIiD
a the 

l
i
m
e
 
a
v
e
n
a
l
.
.
.
,

T
he values or all panm

cten w
ere set 10 the default

v
a
l
u
e
s
 
u
s
e
d
 
i
n
 
M
c
:
C
I
e
I
J
a
n
d
 
a
n
d
 R

um
elhut (1981) 8D

d
M

cC
lelland (1991):

(
I
 
-
 
0
,025;
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1
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-
 
-
0
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~
 
-
 
O
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