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H
um

an m
em

ory subBU
m

es a m
ultitude of pro-

m
ultiple m

em
ory system

s (e.g., N
yberg & Tul-

cesses that undoubtedly rely on m
any differ-

ving, 1996; Schecter 8t Tulving, 1994; Tulving. 
ent types of inform

ation, operations, and sys-
1985). 

tem
s. R

ecognition of the com
plexity of hum

an 
D

issociations can also be observed w
ithin a 

m
em

ory has driven scholars to broadan the 
single tesk. For exam

ple, dissociations be-
scope of m

em
ory tasks that are studied, and to 

tw
een different portions of the serial position 

consider not only how
 a given m

em
ory tesk 

curve (e.g., G
lanzer 8t C

unitz, 1968; M
urdock, 

is perform
ed but also how

 different kinds of 
1962) have been taken as evidence for the dis-

m
em

ory tasks are interrelated. It Is the study 
tinction betw

een short-term
 and long-term

 
of the 

sim
ilarities 

and 
differences 

am
ong 

m
em

ory system
s. Techniques for perform

ing 
m

em
ory tesks thet m

ay help us develop pre-
tesk analysis w

ith response tim
e dsta (Stern-

dictive m
odels of the undarlying inform

ation, 
berg, 1969) have enabled researchers to distin-

operations, and system
s that support this vital 

guish betw
een stages of processing that are 

hum
an capacity. The study of hum

an m
em

ory 
relatively independent of one another (see 

thus requires techniques both for dissecting 
Sternberg, 1998, for a review

). 
the inform

ation-processing com
ponents of a 

This chapter is concerned w
ith another 

singlll task and for exam
ining the relations be-

m
ethod of tesk analysis: contingency analyses 

<; 
tw

ean inform
ation-processing com

ponents of 
applied to the outcom

es of successive m
em

ory 
 

different tesks. 
testa. This m

ethod has been used to exam
ine 

 
O

ne standard m
ethod for separating com

-
the correlation betw

een the outcom
es of suc-

'.:j\ 
ponents both w

ithin and betw
een m

em
ory 

cessive m
em

ory tests at the level of an indi-
'··i 

tesks is to look for experim
ental factors that 

vidual subject-item
 (e.g., D

aPolito, 1967; Estes, 
have 

different effects 
on dlffarant m

em
ory 

1960; Tulving &: W
isem

an, 1975). The correla-
tesks, or on different espects of subjects' per-

tion betw
een the observed responses reflects. 

form
ance in a given task. This kind of task 

at least in part, the degree to w
hich their m

em
-

I
analysis hes. yielded num

erous exam
ples of 

ory processes tap com
m

on inform
ation, opera-

parallel effects and dissoclatioIlll am
ong tesks 

tiOIlll, and/or system
s. B

ecause the responses 
(see R

ichardson-K
lavehn &: Bjork, 1988, for a 

are usually dichotom
ous variables (recall of an 

review
). 

Converging 
evidence fur 

dissocia-
item

 on test 1 and on test 2) these correlations 
tions betw

een m
em

ory tasks is taken by som
e 

are m
easured using a 2 x 2 contingency table. 

researchers as evidence for the operation of 
C

orrelations derived from
 contingency tables 

I
 

I  
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are suscB
ptible to all of the potential con-

of a given item
 is m

ediated by the kind of 
foundings that face correlations betw

een con-
m

em
ory test em

ployed (e.g., item
 recognition, 

tinuous m
easures. Fears 

of these potential 
fragm

ent com
pletion, free recall). This does 

confoundings have caused m
any investigators 

not necessarily m
ean that these different kinds 

to shy aw
ay from

 using correlational m
easures 

of m
em

ory taw
 tap different kinds of infor-

to study m
em

ory. The position taken in this 
m

ation. C
onsider a sim

ple m
odel in w

hich 
review

 is that such avoidance behavior is not 
b

Set) = at-
defines the strength of each item

 in 
w

ell founded, and that these m
easures can 

m
em

ory as a function of tim
e (in this equa-

provide inform
ation not present in sim

ple 
tion, a and b are positive constants). Recogni-

m
easures of m

em
ory perform

ance under dif-
tion succeeds w

hen the strength is above a
ferent conditions. 

recognition 
threshold 

(K,); 
recall 

succeeds
The chapter is organized into six short sec-

w
hen the strength is above a recall threshold 

tions. T
he first tw

o sections briefly discuss 
(KJ. If K, <

K., then there w
ill be a statistical 

functional 
and correlational approaches 

to 
interaction betw

een the retention interval and 
provide a context for the discuasion of contin-

the kind of test (recognition vs. recall). In this
gency analyses. The fourth presents three ap-

sim
ple m

odel, the interaction results because 
plications of the use of contingency analyses 

of the nonlinearity in the forgetting function 
in m

em
ory research. The next section review

s 
and not because recognition and recall tap dif-

the contrD
versy over the use of contingency 

ferent underlying sources of inform
ation. 

analyses. Finally, the last section offers a sum
-

m
ary and som

e concluding thoughts. 
Correlational Approaches  

Functional Approaches  
The correlational approach need not involve 
m

anipulating any variables. R
ather, one can 

In laboratD
ry m

em
ory experim

ents, the basic 
study the relations betw

een different m
easures 

unit of inform
ation is a subject item

 in a given 
obtained from

 different tasks, a single task, or 
experim

ental condition. U
nder particular re-

even a single response. C
onsider a Single re-

trieval cO
l1ditions one can ask w

hether the 
sponse in a recognition task that asks subjects 

'item
 is rem

em
bered (usually a binary out-

to m
ake confidence judgm

ents. M
urdock and 

com
e) and how

 long it takes for the response 
A

nderson (1975; see also K
oppell, 1977) care-

to be m
adEl (response tim

e or RT). In general, 
fully docum

ented the w
ell-koow

n :finding that 
RT and accuracy provide com

plem
entary but 

RT and confidence judgm
ents covary-high-

correlated :pictures of hum
an behavior (for a 

confidence judgm
ents are m

ade faster than 
discussion of the relation betw

een RT and ac-
low

-confidence judgm
ents. This positive cor-

curacy in b.um
an m

em
ory, see K

ahana & Lof-
relation is consistent w

ith the view
 that RT 

and 
confidence 

are 
both 

affected 
by 

the
tus,1999). 

W
hether or not a target item

 is rem
em

bered 
"strength" of the underlying m

em
ory (or, in

depends 011 (1) the subject, (2) the item
, and 

contem
porary term

s, the strength of the con-
(3) the experim

ental condition. In the func-
text-item

 association). 
tional approach, the latter effect is of sale in-

W
ithin the free-recall task, different aspects 

terest. M
ean values, com

puted over m
any sub-

of perform
ance are correlated. For exam

ple, 
jects and m

any item
s, are com

pared am
ong 

Tulving (1962, 1966) show
ed that as subjects 

conditions and taken as estim
ates of the "ef-

learn a list, their recall order becom
es increas-

fect" of the m
anipulated variable, Subject and 

ingly stereotyped (the phenom
enon of SUbjec-

item
 differB

nces are typically controlled, ei-
tive organization). A

lthough plotted as a func-
ther physic:ally or statistically, so that the 

tional relationship, the experim
enter does not

com
parison of perform

ance in one condition 
directly m

anipulate either recall probability or 
w

ith that in another can be m
ade w

ith respect 
subjective organization. Rathar, the indepen-

to the independent variable(s) of interest in 
dent variable, num

ber of study trials, pro-
the 

experiInent. 
This 

functional 
approach 

duces correlated effects on both dependent
teaches us b.ow

 m
em

ory depends on the vari-
variables.

ables w
e have m

anipulated in our experi-
m

ents. 
Exam

ining the correlation betw
een differ-

ent m
em

ory tasks, K
ahana and R

izzuto (1999) 
C

om
parisons across tasles often reveal inter-

m
easured subjects' perform

ance on item
-rec-

actions. For exam
ple, the degree to w

hich a 
ognition, associative-recognition, and cued-re-

delay betw
een study and test affects retention 

call tasks. The correlation betw
een item

 recog-

nition and cued recall w
as m

oderate (I = 0.33) 
w

herees the correlation betw
een associative 

recognition and cued recall w
as 

high (I =
 

. 0.80). These subject correlations involve com
-

puting an average 
for 

each 
subject across 

m
any item

s. A
nother correlational technique 

asks 
w

hether the ordering of perform
ance 

across item
s in one task or situation is corre-

lated w
ith the ordering of perform

ance across 
item

s in another task or situation. If recogni-
tion and recall tap com

m
on inform

ation, w
e 

w
ould expect that the correlation across item

s 
is positive. For instance, if recognition and re-
call both tap "strength" but recall requires a 
higher threshold, w

e w
ould expect a strong 

positive 
correlation 

across 
item

s. 
Because 

these techniques involve averaging (across ei-
ther subjects or item

s), they allow
 the investi-

gator to com
pute a Pearson product-m

om
ent 

correlation. M
andler (1959) dem

onstrated that 
correlations across subjects and item

s can of-
ten yield very different results. In som

e cases, 
correlations across subjects can be positive 
w

hile correlations across item
s can be nega-

tive. The use of subject and item
 based corre-

lations is fairly uncom
m

on in m
em

ory re-
search 

(for 
exceptions, 

see 
R

ubin, 
1981; 

U
nderw

ood, B
oruch, & M

aIm
i, 1978). 

Contingency Analyses of  
Successive Tests  

Taking this analysis of the recognition-recall 
relation one step further, w

e can exam
ine the 

relation betw
een recognition and recall at the 

level of individual subject item
s. To do this, 

w
e em

ploy the m
ethod of successive tests. In 

the canonical procedure, subjects study pairs 
of item

s (A-B) and are then given tw
o succes-

sive tests: item
-recognition follow

ed by cued 
recall. In the item

 recognition test, the experi-
m

enter presents B item
s from

 the studied 
pairs 

interm
ixed 

w
ith 

nonstudied 
item

s 
(lures). Subjects judge each item

 as a target or 
a lure. In the second, cued-recall test, subjects 
attem

pt to recall the B item
s given the A

 item
s 

as cues. The sam
e B item

s are tested tw
ice-

first using a recognition test and then, later, 
using a recall test. B

ecause w
e cannot average 

over subjects or item
s w

e com
pute a contin-

gency table from
 the pairs of outcom

es on test 
1 and test 2 for each subject item

. Table 4.1 
gives hypothetical data for successive item

-
recognition and cued-recall tests. These hypo-
thetical data show

 the usual advantage for rec-
ognition over recall. H

ow
evar, exam

ining the 

Table 4.1 H
ypothetical data com

paring 
recognition and recall perform

ance for 
the sam

e subject-item
s tested successively. 

Test 1 
Test 2 

Subject-Item
 

(recognition) 
(recall) 

1 
1 

0 
2 

0 
0 

3 
1 

1 
4 

1 
0 

5 
0 

0 
6 

1 
0 

7 
1 

1 
8 

0 
1 

9 
1 

1 
10 

1 
0 

11 
0 

0 
12 

1 
0 

13 
1 

1 
14 

1 
0 

15 
1 

1 
16 

1 
0 

17 
1 

0 
18 

1 
1 

19 
0 

0 
20 

1 
0 

21 
0 

1 
22 

1 
1 

23 
0 

0 
24 

1 
1 

25 
0 

0 
26 

1 
1 

M
ean 

0.69 
0.42 

contingency table allow
s us to say som

ething 
stronger. For exam

ple, according to a sim
ple 

strength theory of m
em

ory, recognition and 
recall tap exactly the sam

e inform
ation, but 

recall requires 
a higher threshold. Strictly 

speaking, this m
eans that an item

 that is re-
called w

ill alw
ays be recognized, m

aking the 
correlation betw

een recognition and recall, at 
the level of subject item

s, exactly one. The hy-
pothetical data in table 4.1, and the real data 
of Tulving and Thom

son (1973), indicate that 
there is recognition failure of recallable item

s 
-contradicting the predictions 

of strength 
theory. 

B
ecause the test outcom

es are binary vari-
ables, w

e com
pute the subject-item

 correlation 
betw

een recognition and recall by tabulating 
the data in a contingency table. This correla-
tion is often referred to as contingency or de-
pendency, as it is calculated from

 the cells in 
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I 
a 2 x 2 contingency table. Y

ule's Q
 is a popu-

lar m
easure of correlation fDr 2 X 2 contin-

gency tables (Bishop, Feinberg. 
& H

olland, 
1975). L

ike a standard Pearson correlation. 
Y

ule's Q
 varies from

 -1.0 (perfect negative 
cD

rrelation) to +1.0 (perfect positive correla-
tion). For a discussion of other correlational 
m

easures that are applicable to contingency 
tables. see Poldrack (1996). 

Table 4.2 show
s the results of a contin-

gency analysis applied to 
the hypothetical 

data in table 4.1. FDr each subject Item
. the 

com
bination of outcom

es on test 1 and test 2 
determ

ine the values of the fDur cells in the 
contingency table (A, B. C, & D). Yule's Q

 is 
given by the equation: 

A
X

D
-B

xC
 

Q
 

A
xD

+
B

xC
 

For the hypD
thetical data show

n in table 4.1. 
the dependency betw

een the item
 recognition 

and cued recall, as m
easured by Y

ule's Q
, is 

0.5. This dependency of 0.5, m
easured at the 

level of subject item
s. does not m

ean that the 
correlation across subjects is 0.5 or that the 
correlation across item

s is 0.5. As pointed out 
by Tulving (1985), correlations at the level of 
subjects, item

s. and subject item
s can yield 

very different values. 
This exam

ple w
as chD

sen because there is a 
vast literature exam

ining the relation betw
een 

recognition 
and recall using the m

ethod of 
successive tests. This literature, fust surveyed 
by Tulving and W

isem
an (1975) and m

Dre re-
cently review

ed by 
N

ilsson 
and 

G
ardiner 

(1993), reveals an invariance: successive-item
 

recognition and cued-recall tasks alm
ost al-

w
ays yield m

oderate cD
rrelations. w

ith Y
ule's 

Q
 rarely deviating from

 the range 0.3 to 0.75. 
This m

akes the successive-testing data incon-
sistent w

ith a sim
ple strength-threshold the-

ory (Tulving, 1983), and also w
ith certain dis-

Table 4.2 C
ontingency 

table for the hypothetical 
data shD

w
n in table 1. 

Test 1 
1

0 

'" 
1 

a =
9 

b=
2 

 
o 

c=
9 

d=
6

{!. 
ITTI 

!•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

I  
tributed m

em
ory m

odels (K
ahana & Rizzuto, 

1999). 
Together w

ith Y
ule's Q

, the percent correct 
for tests 1 and 2 fully characterize the data in 
our 2 x 2 contingency table. W

ithout the corre-
lational Inform

ation, the accuracy data w
ould 

do little to constrain theory. B
ecause theories 

of m
em

ory m
ake claim

s about the processes 
acting on a given subject item

, it is im
portant 

to consider not just accuracy data but also the 
correlation betw

een tests. 
The foregoing exam

ple illustrates the com
-

parisD
n of tasks using contingencies of out-

CDm
es on successive tests. In com

paring per-
form

ance across the ,tw
o tests. it is im

portant 
to recognize that the successive tests do not 
necessarily m

easure the "sam
e thing." The 

first 
m

easure 
is 

of 
the 

consequences 
Df 

study-subject tD all the input/output interfer-
ence effects that m

ay operate on retrieval of 
individual list item

s (e.g., Tulving & A
rbuckle, 

1966). The second m
easure is affected not 

only by study and the interpolated conditions 
but also by the earlier test and its outcom

e. 
O

ne can also analyze contingencies across 
successive trials of the sam

e task. This ap-
proach 

w
as 

fruitfully 
em

ployed 
by 

Estes 
(1960) in his studies of D

ne-triallearning and 
by Tulving (1964) in his analysis of inter-vs. 
intra-trial forgetting in m

ultitrial free recall. 

Em
pirical Regularities in 

Successive Testing 
Experim

ents 

There are m
any interesting exam

ples of the 
use of 

 analyses, but the m
ost 

w
ell-studied problem

s include com
parisons of 

 episodic 
 tasks (N

ilsson &  
 1993: 

 & 
 1975),  

successive exphclt and Im
pliClt m

em
ory tasks  

(H
aym

an & Tulving. 1989a, 1989b; Tulving.  
 & Stark, 1982), and successive Im

-
pliClt m

em
ory tasks (e.g., H

aym
an & Tulving.  

1989b; Tulving 
& H

aym
an. 

1995; 
W

ithers-
poon & M

oscovitch, 1989). O
ther im

portant  
applications of successive tests include dem

-
onstrations of one-trial learning (e.g., Estes,  
1960) and dem

onstrations of the indepen-
f  

dence of A-B and A-C associations in the re-
)'  

trD
action 

(e:g., 
Gr.eenD, 

Jam
es, 

 
  

1?71). In 
 sectlO

n, three applications are 
.  

 m
dependence o! A-B and A-C asso-

•  
clations, the recognition failure paradigm

, and 
J  

•
•
•

 

question of associative sym
m

etry versus inde-
pendent associations. These three exam

ples 
w

ere chosen because they yield correlations of 
approxim

ately 0.1,0.5, and 0.9, respectively. 

Analysis of C
om

peting A-B  
and A

-C
 Associations  

The classic associative interference theory of 
verbal learning played a prom

inent role in 
guiding a generation of research in verbal 
learning (see Postm

an & U
nderw

ood. 1973, for 
a review

). A
 m

ajor technique used to studyas-
sociative interference is the A

-B/A-C para-
digm

. Subjects fust m
aster a list of A-B pairs. 

N
ext. subjects study a second list of A-C paira 

to 
som

e 
degree 

of m
astery. 

Briggs 
(1954) 

show
ed that w

ith increasing trials 
of A-C 

learning com
es a decrease in subjects' ability 

to recall the original A-B associations. To ex-
am

ine this retroactive interference effect un-
der conditions designed to m

inim
ize response 

com
petition. B

arnes and U
nderw

ood (1959) 
proposed the now

-classic M
M

FR procedure 
(M

M
FR stands for m

D
dified-m

odified free re-
call). In this procedure. subjects study the A-
B list, then study the A-C list, and then are 
given each of the A

 item
s and asked to recall 

both the B and C responses in any order. W
ith 

increasing trials of A-C learning, subjects re-
call few

er B item
s and m

ore C item
s, dem

D
n-

strating 
the 

classic 
retroactive 

interference 
phenD

m
enon. A

ccording to the M
elton-U

nder-
w

ood unlearning-recovery hypothesis-a cen-
tral tenet of associative interference theory-
the 

decrease 
in 

A-B 
recall follow

ing 
A-C 

learning results frDm
 

specifiC
 unlearning of 

the individual A-B associations. This contrasts 
w

ith the earlier view
 (M

cG
eoch, 1942) that as-

sociations 
are 

independent, 
but 

that 
the 

stronger response dom
inates. H

ere w
e have 

twD very different theories that both explain 
the basic data on retroactive interference. 

B

A
pplying 

a contingency analysis to the 
M

M
FR data. D

apolitD
 (1967) exam

ined the de-
pendence betw

een B and C recall. A
ccording 

to the unlearning-recovery hypothesis, learn-
ing AI-C

j causes specific w
eakening of the A

j -

j association. A
s a consequence. recall of B

j 

and C, should be negatively correlated. In con-
trast to these predictions, D

apolito found near 
independence betw

een recall Df B
1 and C

j • N
u-

merDUS additiD
nal studies suppD

rted the inde-
pendence position (A

bra, 1969; G
reeno et al., 

1971; 
M

artin, 
1971; 

W
ichaw

ut 
& 

M
artin, 

1971). B
ecause these studies did nDt report com

pare their observations w
ith other studies 

Df correlations am
ong successive tests. A

ppen-
dix A

 presents a database of 32 experim
ental 

conditions obtained using the M
M

FR tech-
nique. 

A
cross 

these 
conditions, 

the 
m

ean 
value of Y

ule's Q
 is 0.08, w

ith a standard devi-
ation of 0.31. A

gain. 
contingency analyses 

reveal a regularity of hum
an m

em
ory that dis-

tinguishes am
ong theories of associative inter-

ference. Several m
ajor m

athem
atical m

odels Df 
hum

an m
em

ory (e.g.. M
urdock, 1982, 1997; 

C
happell 

&
 H

um
phreys, 1994; 

M
ensink 

&
 

Raaijm
akers, 1988) have been fram

ed in a w
ay 

that captures the basic phenom
enon of A-B, 

A-C independence. 

The R
ecognition Failure  

Paradigm
 (Tulving &  

Thom
son 

1973)  
I 

Perhaps the m
ost com

m
on application of con-

tingency analyses to the study of m
em

ory is 
the influential, if som

ew
hat controversial, rec-

ognition-failure paradigm
 (Flexser & Tulving. 

1978; Tulving &
 Thom

son, 1973; Tulving &
 

W
isem

an, 1975). In this approach, discussed 
briefly in the previous section. subjects study 
a list of w

ord pairs and are then tested succes-
sively, fust by item

 recognition and then by 
cued recall. Tulving and W

isem
an (1975) ob-

served that the dependency relation betw
een 

item
 recognition and cued recall, across a 

w
ide range Df experim

ental conditions. w
as 

w
ell fit by a quadratic form

ula relating the 
conditional probability of recognition given 
recall to the probability of recognition itself. 
This function, know

n as the Tulving-W
isem

an 
function, describes a m

oderate degree of de-
pendency betw

een item
 recognition and cued 

recall. 
A

nalyses based on the conditional proba-
bility Df recognition given recall, 

 
are subject to a num

ber of problem
s: FlrSt, 

P(RnIRc) is constrained to be less than p(R
n)/ 

P(Rc) in experim
ents w

here the probability of 
recall exceeds that of recognition (H

lntzm
an & 

H
artry, 1990; H

intzm
an, 1992). Second, the 

predicted values of Y
ule's Q

, derived from
 the 

Tulving-W
isem

an function, can be less than 
-lo

r greater than +1 for som
e com

binations 
ofPlR

n) and P(Rc). These potential constraints 
can be avoided by exam

ining results in term
s 

of both Y
ule's Q

 and the probability?f success 
on test 1 and on test 2. The cells m

 a 
 x

2 
contingency table .are 

 
 

by either (1) know
m

g the probablhties of suc-

 
__
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as the correlation (Y
ule's Q

) betw
een these 

outcom
es, 

or (2) know
ing the probability of 

success o
n

 test 1, the probability of success on 
test 2 conditional upon test 1 success, and the 
probability of success on test 2 conditional 
upon test 1 failure. (A proof of this assertion 
is available from

 the author upon request.) 
This later approach is used by H

um
phreys 

and B
ow

yer (1980) as w
ell as B

atchelder and 
R

iefer (1995J. 
U

sing a 
m

easure of dependency such as 
Y

ule's Q
, one typically obtains a value of ap-

proxim
ately 0.55 in these experim

ents. N
ot all 

experim
ents 

using 
the 

successive 
testing 

m
ethodology yield the m

oderate dependen-
cies described by the Tulving-W

isem
an func-

tion (N
ilsson, Law

, 8< Tulving, 1988; N
ilsson 8< 

G
ardiner, 1993). H

igher recognition-recall de-
pendencies can result from

 shallow
 encoding 

or from
 sem

antic redundancy of study pairs. 
N

ilsson and G
ardiner (1991) refer to these 

cases as boundary conditions on the Tulving-
W

isem
an function. A

 great m
any studies have 

looked at the dependency betw
een item

 recog-
nition and cued recall under varying condi-
tions (see N

ilsson 8< G
ardiner, 1993, for a par-

o tial 
review

). 
Exam

ining 
the 

correlations 
sum

m
arized by N

ilsson and G
ardiner (1993) 

reveals significant variation around the m
ean 

value of 0.55. The reason for this variation is 
that m

any of these studies w
ere especially 

constructed to push the correlation up or 
dow

n. 
A

ppendix B presents a database of 
Y

ule's Q
 values from

 studies that gathered sig-
nificant 1IID.0unts of data using standard m

eth-
ods (I.e., subjects study a list of com

m
on w

ord 
pairs and are then given a yes/no recognition 
test follovved by a cued-recall test). A

cross 
these studies, the m

ean value of Y
ule's Q

 is 
0.55 and the standard deviation is 0.12. T

he 
consistently obtained m

oderate correlation be-
tw

een item
 recognition and cued recall repre-

sents a basic fact of hum
an m

em
ory. 

K
ahana and R

izzuto (1999) have show
n 

that the :m
oderate dependency obtained in 

successive item
 recognition and cued recall 

tasks is all'm
 found in successive item

 and as-
sociative 

recognition 
tasks 

(Q
 =

0.59). 
This 

suggests tlIat the reason for the m
oderate de-

pendency is that the one test taps item
 and the 

other test taps associative inform
ation. In con-

trast, w
hen both tasks tap associative inform

a-
tion (e.g., 

successive assaciative recognition 
and cued :recall), the correlation rises substan-
tially (Q

 = 0.81). Finally, for identical associa-
tive recognition tasks correlations approach 
unity (Q

 = 0.94). 

Though the data are clear, there is still 
m

uch debate over the interpretation of these 
findings. M

etcalfe (1991) 
show

s that under 
certain conditions, CH

A
RM

 (a m
athem

atical 
m

em
ory m

odel that assum
es com

posite and 
distributed storage of auto-and hetero-asso-
ciative inform

ation) can account for both the 
Tulving-W

isem
an 

function 
and 

conditions 
that result in deviations from

 the function. 
K

ahana and R
izzuto (1999) found that several 

classes 
of m

em
ory m

odels including M
et-

calfe's 
(1982, 

1985) 
CH

A
RM

 
m

odel, 
M

ur-
dock's (1982) TO

D
A

M
 m

odel and the m
atrix 

m
odel of H

um
phreys, B

ain, and Pike (1989) 
can all produce the m

oderate dependencies 
required, but only if you allow

 for variability 
in the goodness of encoding (see also H

intz-
m

an, 1987). Each of the preceding m
odels as-

sum
es that item

 and associative inform
ation 

have distinct representations. M
odels that as-

sum
e identical representations for individual 

item
s and associations produce correlations 

that are too high, deviating from
 the experi-

m
ental data for all reasonable param

eter val-
ues. These results show

 that if m
odels m

ake 
explicit predictions about subject perform

ance 
in the successive testing paradigm

, contin-
gency analyses place constraints on the m

od-
els and, in doing so, provide inSight into the 
function of hum

an m
em

ory. 

Associative Sym
m

etry vs.  
Independent Associations  

A
nother basic question in the study of hum

an 
m

em
ory is the nature of associations. Tw

o 
m

odels of association are present in the classi-
cal literature: The independent associations 
m

odel considers associations to be unidirec-
tionallinks betw

een stored item
s (e.g., Ebbing-

haus, 1885/1913; R
obinson, 1932). The holis-

tic m
odel considers associations to be new

ly 
form

ed patterns com
bining elem

ents of each 
stored item

 (K
ohler, 1940). In this m

odel, for-
w

ard 
and 

backw
ard 

associations 
betw

een 
item

s are 
sym

m
etrical 

(A
sch 

8< 
Ebenholtz, 

1962). Early studies addressing the differences 
betw

een 
these 

tw
o 

positions 
focused 

on 
w

hether forw
ard recall is easier than back-

w
ard recall (see Ekstrand, 1966, and K

ahana, 
1999. for a review

). The evidence, from
 nu-

m
erous studies, suggests that order of study 

has a m
inim

al effect on associative strength. 
Findings of equivalent forw

ard and backw
ard 

retrieval have been taken as evidence for the 
position of associative sym

m
etry; findings of 

asym
m

etric retrieval have been taken as evi-

dence for the position of independent associa-
tions (e.g., W

ollen. 1970a,b; W
olford, 1971). 

A
 m

uch stronger test of associative sym
m

e-
try requires that for a given studied pair (A-
B), the strength of the forw

ard and backw
ard 

associations, and hence the recall probabili-
ties, m

ust be identical. Evidence relevant to 
this question m

ay be gleaned from
 contin-

gency analyses applied to the outcom
es of 

successive cued-recall tests. First. one associa-
tion is tested (say, A

 is presented as a cue to 
recall B) and then the other association is 
tested (B is presented as a cue to recall A). 

K
ahana (1999) had subjects study lists of 

w
ord pairs and then gave successive cued-re-

call tests of all pairs in the list. A
cross the tw

o 
successive tests, w

ord pairs w
ere tested in all 

com
binations of forw

ard and backw
ard orders: 

Tl-forw
ard/T2-forw

ard, 
Tl-forw

ard/T2-back-
w

ard, Tl-backw
ardIT2-forw

ard, Tl-back:w
ard/ 

T2-backw
ard. To test the sym

m
etry principle, 

Y
ule's Q

 w
as com

puted for identical and re-
verse successive tests (separate Y

ule's Q
 val-

ues w
ere calculated for 

each subject). For 
identical successive tests 

(I.e., 
forw

ard-for-
w

ard 
or 

backw
ard-backw

ard). 
the 

average 
. Y

ule's Q
 value w

as 0.88 (SE = 0.012). For re-
verse successive tests (i.e .• forw

ard-backw
ard 

or backw
ard-forw

ard). the average Y
ule's Q

 
value w

as 0.91 (SE = 0.017). These effects did 
not differ statistically. The independent asso-
ciations 

m
odel of paired-associate learning 

(W
olford, 1971; W

ollen, 1970a,b) can account 
for asym

m
etries that pose a resolvable chal-

lenge to sym
m

etrical associative m
odels (see 

K
ahana, 1999), but they canoot explain the 

finding that correlations betw
een forw

ard and 
backw

ard recall are near unity. 

O
ther Applications 

The previous 
three 

applications 
illustrated 

how
 intertask contingencies can vary quite 

dram
atically and how

 they can be used to con-
strain theories of m

em
ory. There are a num

ber 
of other im

portant applications of contingency 
analyses that are not review

ed here. In partic-
ular, contingency analyses have been exten-
sively applied to the study of im

plicit m
em

ory 
(H

aym
an 8< Tulving, 1989a, 1989b; Tulving et 

al., 1982; Tulving, H
aym

an, 
8< M

acdonald, 
1991; 

Tulving 
8< 

H
aym

an. 
1995; 

W
ither-

spoon 
8< 

M
oscovitch. 1989). 

These studies 
have show

n that successive im
plicit tasks can 

yield dependencies ranging from
 near zero 

(W
ith 

nonoverlapping cues) 
to 

around 
0.5 

(w
ith identical cues). In contrast, successive 

explicit tasks yield dependencies ranging from
 

around 0.5 (w
ith different cues) to 1.0 (w

ith 
identical cues). A

n im
portant aspect of these 

results is that the dependency betw
een frag-

m
ent com

pletion tasks cao be dram
atically af-

fected by subjects' intentionality (I.e., w
hether 

or not subjects are instructed to focus retrieval 
on their m

em
ory for the study list). Tulving 

aod colleagues have used this evidence, to-
gether w

ith findings of functional indepen-
dence, to support a m

ultiple m
em

ory system
s 

view
 (e.g., Schacter 8< Tulving, 1994). 

The Controversy 

D
espite the fruitful application of contingency 

aoalyses to a broad range of m
em

ory para-
digm

s, there has been considerable contro-
versy surrounding their use as 

an analytic 
tool. H

intzm
an, a vocal critic, has argued that 

correlations betw
een tasks, as m

easured by 
Y

ule's Q
, are at best difficult to interpret and 

at w
orst uninterpretable. H

is argum
ents are 

based 
on 

Sim
pson's 

paradox 
(H

intzm
an, 

1980). This refers to the fact that collapsing 
data across subjects or item

s can give rise to 
relations that w

ere not present in the pre-col-
lapsed data. In practice, w

hat does this m
ean? 

H
ere w

e exam
ine tw

o cases, both using our fa-
m

iliar exam
ple of successive item

-recognition 
and cued-recall tests (e.g., Tulving 8< Thom

-
son, 1973). R

ecall that in these experim
ents, 

Y
ule's Q

 is alm
ost alw

ays betw
een 0.30 and 

0.75. 
C

ase 1. The experim
enter presents a long 

list of AI-B, w
ord pairs for study. A

s the list is 
being presented, subjects adopt the follow

ing 
strategy: they attend to the first few

 pairs and 
then close their eyes 

and keep rehearsing 
those pairs throughout the duration of the list 
presentation. U

pon tabulating our results, w
e 

discover that all responses are segregated into 
cells A

 (+/+) and D
 [-/-J of the contingency 

table, w
ith 0 [-/-) having the m

ajority of re-
sponses. The few

 item
s that subjects rehearsed 

w
ere both recognized on test 1 and recalled on 

test 2 (accounting for the responses in cell A). 
T

he rem
aining, unseen item

s, w
ere neither 

recognized nor recalled (accounting for the re-
sponses in cell D). The resulting correlation is 
exactly +1.0. This result does not reflect com

-
m

on operations underlying recognition and 
recall; rather it is a spurious correlation in-
duced 

by a 
third actor-variability in en-

coding. 
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Case 2. H
ere again, the experim

enter pres-
sum

ble variability across subjects and item
s, 

ents a list of A,-B, pairs, and then gives succes-
then it is possible that the "true" correlation is 

sive item
 recognition and cued recall tests for 

sm
aller than w

hat is observed experim
entally. 

B
I . Suppose w

e now
 divide our pairs into tw

o 
O

ne w
ay to address this potential problem

 
groups: in group 1, w

e m
ake the B-Item

s easy 
is to create lists in w

hich the variability is arti-
to recognize but hard to recall, and in group 2, 

ficially increased by m
ixing strong and w

eak 
w

e m
ake the B-item

s hard to recognize and 
item

s (w
here strength is m

anipulated by vary-
easy to recall. W

e can m
anipulate recognition 

ing num
ber 

of repetitions 
or 

presentation 
of B, by varying its w

ord frequency or its sim
i-

rate). O
ne can assess the effect of variability 

larity to the lures. W
e can m

anipulate recall of 
on the dependency relations am

ong tasks by 
B

I by varying the associative relations betw
een 

com
paring these m

ixed lists w
ith pure lists (in 

A
-B, and betw

een A.-B
I . A

fter tabulating our 
w

hich presentation rate, or num
ber of repeti-

contingency table, m
ost of the pairs in group 

tions, is uniform
 across all study pairs). Ka-

1 w
ould be in cell C (+1-) and m

ost of the 
hana and R

izzuto (1999) conducted tw
o exper-

pairs in group 2 w
ould be in cell B (-/+). In 

im
ents of this kind 

and 
found 

significant 
this case, the correlation betw

een item
 recog-

increases in Y
ule's Q

 for the specially con-
nition and cued recall w

ould be close to -1.0. 
structed, high-variability lists. H

ow
ever. the 

This illustrates another spurious correlation: 
effects 

w
ere 

extrem
ely 

sm
all 

(the 
largest 

w
e identified factors that have different effects 

changes in variability only increased Y
ule's Q

 
on recognition and recall and then specially 

by about 0.10). In contrast, inform
ational m

a-
selected pairs to induce a negative correlation. 

nipulations produced dram
atic changes in the 

In an attem
pt to show

 Sim
pson's paradox 

correlations betw
een successive tests. These 

at w
ork in. successive recognition and frag-

findings strongly suggest that variability in 
m

ent com
pletion tests, H

intzm
an and H

artry 
goodness-of-encoding only plays a m

inor role 
(1990) found that selecting different subsets of 

in determ
ining the correlations betw

een suc-
item

s could produce large changes In the ob-
cessive m

em
ory tasks. 

served correlation betw
een tasks. Such dem

-
A

 final class of criticism
s relate to 

the 
onstrations do not teach us very m

uch. They 
"prim

ing" of second test perform
ance by the 

do point out, as all practitioners w
ho use cor-

first test (e.g., H
urnpltreys & Bow

yer, 1980). A
s 

relations ought to know
, that spurious correla-

stated previously, it is w
ell knoW

n that the 
tions can occur. In particular. variability that 

first test m
ay affect perform

ance on the second 
affects the tw

o outcom
e variables in a corre-

test, and therefore the second test is no longer 
lated m

anner can induce an increase or de-
a direct m

easure of the study event. R
ather, 

crease in the observed correlation. 
the second test reflects both the study event 

Suppose that variability in subject ability 
and the effect of the first test on m

em
ory. 

and item
 llifficulty both have positive effects 

H
urnpltreys and B

ow
yer argue that the depen-

on m
em

ory perform
ance. In this case, the ob-

dency betw
een recognition and recall is in-

served value of Y
ule's Q

w
ould be som

ew
hat 

creased by 
differential 

facilitation 
of later 

higher w
ilen collapsing across 

subjects 
or 

recall by prior recognition. In essence, recog-
item

s. FlelCser (1981) provided a useful tech-
nized item

s m
ay be strengthened during the 

nique for adjusting Y
ule's Q

 to account for 
recognition 

test 
m

ore 
than 

nonrecognized 
these sources of variability. A

nother approach 
item

s. This transfer effect enhances cued-re-
requires the collection of sufficient data across 

call 
perform

ance 
for 

the 
recognized 

item
s 

subjects and item
s to perm

it separate Y
ule's Q

 
m

ore 
than 

for 
the 

nonrecognized 
item

s, 
analyses for contingency tables that are col-

thereby increasing the dependency betw
een 

lapsed across only subjects, or only item
s. 

item
 recognition and cued recall. In several 

W
hen these tecltniques have been used, the 

experim
ents, H

urnpltreys and B
ow

yer found 
correlation betw

een successive tasks ltas not 
higher cued-recall perform

ance for those item
s 

changed dram
atically. 

that w
ere tested in the recognition phase (as 

O
ne problem

 w
ith these approaches is that 

com
pared w

ith item
s only tested in the cued-

they do no1: adjust for potential variability at 
recall phase). 

the level of subject item
s that is caused byfac-

If one assum
es that only recognized item

s 
tors not in trinsic to the tasks being studied 

prim
e 

subsequent 
recall, 

H
um

pltreys 
and 

(e.g., trial hy trial fluctuations in attention). If 
Bow

yer show
 that the observed m

oderate cor-
this external source of variability, affecting the 

relation betw
een recognition and recall could 

encoding ()f inform
ation im

portant for both 
be largely due to this prim

ing effect. The prob-
test 1 and test 2, is m

uch larger than the m
ea-

lem
 w

ith this account is that nonrecognized 
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Item
s 

can also 
facilitate 

subsequent recall 
(Begg, 1979; D

onnelley, 1988). In addition, 
even experim

ents that fail to sllow
 significant 

"prim
ing" 

yield m
oderate 

dependency 
be-

tw
een item

 recognition and cued recall (W
ise-

m
an & Tulving, 1976). These results suggest 

that although the outcom
e of the first recogni-

tion test does influence subsequent recall, this 
effect accounts only for som

e part of the ob-
served dependency betw

een these tasks. 
W

here, then, do w
e stand in the face of 

these potential confounds? R
ather than run-

ning aw
ay from

 the com
plexities of contin-

gency analyses w
e need to proceed w

ith cau-
tion. 

R
esearchers 

have 
m

anaged 
to 

obtain 
highly reliable and replicable results using the 
m

ethod of successive tests, and the variation 
in dependencies am

ong tasks have been con-
sistent and theoretically interpretable (M

artin, 
1981; G

ardiner, 1991). 

C
onclusions 

This chapter review
ed the use of contingency 

analyses applied to successive m
em

ory tasks. 
A

s show
n in the applications section, the cor-

relation betw
een successive tests varies in re-

liable w
ays across different task com

parisons. 
Successive item

-recognition and cued-recall 
tasks yield m

oderate levels of dependency 
(Y

ule's Q
'" 0.55) w

hereas successive tests of 
episodic m

em
ory w

ith identical cues or cues 
containing identical inform

ation yield very 
high dependencies (Y

ule's Q
 '" 0.90).W

ith im
-

plicit m
em

ory tasks, a very different pattern is 
observed: Y

ule's Q
 ranges from

 0.1 to 0.5 as a 
function of cue overlap. This difference be-
tw

een im
plicit and explicit m

em
ory tasks has 

provided evidence supporting the m
ultiple 

m
em

ory system
s view

 (e.g., Tulving, 1985; 

Schacter & Tulving, 1994). A
lthough other ex-

planations m
ay w

ell exist, contingency analy-
ses ltave played an im

portant role In this de-
bate. 

A
pplying contingency analyses to the rela-

tion betw
een recognition and recell. research-

ers have show
n tltat experim

ental variables 
that have a significant effect on overall levels 
of perform

ance do not seem
 to affect the task-

task contingencies 
(see Flexser 

& 
Tulving, 

1978; K
ahans & Rizzuto, 1999; N

ilsson & G
ar-

diner, 1993; W
isem

an & Tulving, 1976). This 
finding higltlights an im

portant feature of In-
tertask contingencies: they represent an added 
dependent variable that is 

independent of 
overall perform

ance levels on the tw
o succes-

sive tasks. 
These and other exam

ples of contingency 
analyses. review

ed in this chapter and else-
w

here (e.g., Tulving, 1985; Tulving & H
aym

an, 
1995) illustrate a striking feature of the corre-
lations betw

een successive tests: the depen-
dency varies system

atically w
ith the nature of 

the tw
o tests. Even in a situation in w

hich the 
first test rem

ains the sam
e, the study condi-

tions are the sam
e, and the target item

s are the 
sam

e, the exact form
 of the second test can 

dram
atically 

alter the 
observed correlation 

(see H
aym

an & Tulving. 1989a; Tulving et al., 
1991). 

R
epeated testing of the know

ledge that sub-
jects acquire in the laboratory has been of im

-
m

ense value in enriclting our understanding 
of how

 'hum
an m

em
ory w

orks-this despite 
the fear that m

any students of m
em

ory have 
exhibited, and problem

s of Interpretation that 
require a different approach than that adopted 
for the study of the effects of independent 
variables. In this respect, these experim

ents 
resem

ble life in w
hich, too, the results of an 

experience are frequently tested repeatedly. 
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Appendix A
 

the M
M

FR paradigm
. 

The m
ean Y

ule's Q
 

A
 selected database of studies that exam

ined 
value for the included conditions w

as 0.06 ± 
the correlation betw

een B and C responses in 
.11 (95%

 confidence interval). 

Study 
C

ondition 
Y

ule's Q
 

A
bra (1969)  

A
bra (1969)  

A
bra (1969)  

A
bra (1969)  

D
elprato (1972)  

D
elprato (1972)  

D
elprato (1972)  

D
elprato (1972)  

D
elprato (1972)  

D
elprato (1972)  

K
oppenaal (1976)  

K
oppenaal (1978)  

K
oppenaal (1978)  

K
oppenaal (1978)  

K
oppenaal (1976)  

K
oppenaal (1978)  

K
oppenaal (1978)  

Postm
an (1964)  

Postm
an (1964)  

Postm
an (1964)  

Postm
an and G

ray (1977)  
T

ulving and W
atkins (1974)  

T
ulving and W

atkins (1974)  
T

ulving and W
atkins (1974)  

T
llivingand W

atkins (1974)  
T

ulving and W
atkins (1974)  

T
ulving and W

atkins (1974)  
Tlliving and W

atkins (1974)  
Tlliving and W

atkins (1974)  
W

ichaw
ut and M

artin (1971)  
W

ichaw
ut and M

artin (1971)  
W

ichaw
ut and M

artin (1971)  

48 hr.-O
 hr.  

46 hr.-24 hr.  
46 hr.-48 hr.  
24 hr.-24 hr.  
A

C(4,2)  
A

C(4)  
A

C(8,4)  
A

C(8,8)  
A

C(16,8)  
A

C(16,16)  
R

etention Interval = 1 m
in.  

R
etention Interval =

20 m
in.  

R
etention Interval = 90 m

in.  
R

etention Interval =
6 hours  

 Interval = 24 hours  
R

etention Interval = 72 hours  
R

etention Interval = 1 w
eek  

set 1  
set 2  
set 3  
Substitution  
BC  
B'G

' 
B'G 
B

e' 
BG 
B'G

' 
B'G 
BG' 
A

C(4) 
A

C(8) 
A

C(12) 

-0.22 
-0.13 

0.47 
-0.10 
-0.05 

0.29 
-0.32 
-0.16 
-0.38 

0.14 
-0.32 

0.00 
0.37 

-0.62 
0.00 
0.06 
0.23 

-0.32 
0.31 
0.35 

-0.13 
0.16 
0.44 
0.51 
0.53 
0.39 
0.46 
0.07 
0.62 

-0.24 
0.13 
0.00 
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Appendix B 

A
 selected database of successive item

 recog-
nition-cued-recall experim

ental conditions. 
Studies that used pairs of com

m
on English 

nouns, or w
eak associates, 

w
ere included; 

studies that used strong associates or non-En-
glish m

aterials w
ere excluded. Studies that 

Study 
C

ondition 

used categorization or free association before 
the successive tests w

ere excluded. Finally, 
experim

ents 
w

here 
the 

standard 
error 

on 
Y

ule's Q
 w

as greater than 0.2 w
ere also om

it-
ted. The m

ean Y
ule's Q

 value for included 
conditions w

as 0.55 ± 0.05 (95%
 confidence 

interval). 

Y
ule's Q

 

B
artling and Thom

pson 
(1977) 

W
allace (1978) 

W
allace (1978) 

W
allace (1978) 

Begg (1979) 
Begg (1979) 
B

ow
yer & H

um
phreys (1979) 

B
ow

yer & H
um

phreys (1979) 
Fisher (1979) 
V

ining and N
elson (1979) 

V
ining and N

elson (1979) 
G

ardiner (1988) 
G

ardiner (1988) 
G

ardiner (1988) 
G

ardiner (1988) 
G

ardiner (1988) 
Sandberg (1988) 
K

ahana and R
izzuto (1999) 

K
ahana and R

izzuto (1999) 
K

ahana and R
izzuto (1999) 

K
ahana and R

izzuto (1999) 
K

ahana and R
izzuto (1999) 

N
oun-noun condition 

0.50 
W

eak cue target pairs, R
n, cued Rc 

0.43 
W

eak cue target pairs, R
n, cued Rc 

0.76 
W

eak cue target pairs, R
n, cued Re, no lures 

0.64 
M

eaningful instructions 
0.19 

R
ate instructions 

0.63 
W

eak cue-target pairs, betw
een subject prim

ing 
0.41 

W
eak cue target pairs, w

ithin subject prim
ing 

0.53 
R

epetition rehearsal, high-low
 cue target assoc. 

0.75 
W

eak cue target pairs 
0.59 

U
nrelated cue target pairs 

0.51 
C

ued recall overall 
0.66 

C
ued recall (ctrl), strict 

0.65 
C

ued recall overall, strict 
0.54 

C
ued recall (ctrl), lenient 

0.73 
C

ued recall overall, lenient 
0.49 

W
eak cue target pairs, cued recall instruction 

0.55 
Experim

ent 1 (Pure Strong) 
0.54 

Experim
ent 1 (Pure W

eak) 
0.49 

Experim
ent 2 (pure Strong) 

0.49 
Experim

ent 2 (Pure W
eak) 

0.52 
Experim

ent 3 (item
 recognition) 

0.57 
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