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Two-Process Models of Recognition Memory:
Evidence for Recall-to-Reject?

Caren M. Rotello

University of Massachusetts at Amherst

and

Evan Heit

University of Warwick, Coventry, United Kingdom

According to two-process accounts of recognition memory, a familiarity-based process is followed
by a slower, more accurate, recall-like process. The dominant two-process account is the recall-to-
reject account, in which this second process facilitates the rejection of similar foils. To evaluate the
recall-to-reject account, we reanalyzed two experiments from Hintzman and Curran (1994) in which
subjects made word recognition judgments at different response deadlines, and we conducted two
new recognition experiments using pairs of similar pseudowords. The new analyses included
modeling at both the group and individual subject levels. The results did not provide any distinctive
evidence for recall-to-reject. In addition to discussing this two-process account, we describe a
one-process account of recognition, in which the nature of similarity information varies across the
course of judgment. © 1999 Academic Press
Key Words:recall-to-reject; time course; recall; recognition; response signal.
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Current research in memory is going throu
an exciting period, in which new dimensions
being investigated and new challenges are b
created for models of memory. We refer
particular to recent research on the time co

Caren Rotello has previously published under the n
Caren M. Jones. We acknowledge the contribution of
chael Wenger to the implementation of Experiment 1,
we also thank Sonya Dougal for assistance with data
lection. We thank Lewis Bott for contributions to imp
menting and running Experiment 2. We are gratefu
Gordon D. A. Brown, Tim Curran, Scott Gronlund, Ja
Hicks, Douglas Hintzman, Koen Lamberts, Neil Macmill
Richard Marsh, Elizabeth Maylor, Doug Nelson, Mich
Wenger, and anonymous reviewers for comments on
work. This research was supported by an Economic
Social Research Council grant to Evan Heit and by a He
Endowment grant from the University of Massachuset
Caren Rotello. Portions of these data were reported a
38th Annual Meeting of the Psychonomic Society in P
adelphia.

Address correspondence to Caren Rotello, Departme
Psychology, University of Massachusetts, Amherst,
01003-7710 or to Evan Heit, Department of Psychol
University of Warwick, Coventry CV4 7AL, United King
dom. Electronic mail may be sent to caren@psych.umas

or to E.Heit@warwick.ac.uk.

4320749-596X/99 $30.00
Copyright © 1999 by Academic Press
All rights of reproduction in any form reserved.
g

e

of memory, investigating how people make r
ognition judgments over time (e.g., Dosher
Rosedale, 1991; Gronlund & Ratcliff, 198
Hintzman & Curran, 1994). What kinds of pr
cessing take place during the first few hund
milliseconds of a recognition judgment? Lik
wise, what kinds of processing have a lon
time course, possibly constituting optional e
ments of a recognition judgment? Historica
most research on recognition memory has
cused on the end-product of recognition, tha
the final outcome of a recognition judgme
However, results showing the time course
recognition should be highly constraining
theoretical accounts of memory.

Generally speaking, models of recognit
can be divided into one-process accounts
two-process accounts. Single process mo
such as theglobal memory models(e.g., SAM
Gillund & Shiffrin, 1984; MINERVA 2, Hintz-
man, 1988; other multiple-trace models suc
Estes, 1994; Heit, 1993; Nosofsky, 1988; co
posite-vector models such as CHARM, M
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433RECALL-TO-REJECT?
some connectionist networks: Kortge, 19
Ratcliff, 1990), assume that recognition ju
ments, as well as judgments of frequency,
based on the target item’sfamiliarity or its total
similarity to the contents of memory (Jones
Heit, 1993). Although the global memory mo
els have been widely and successfully applie
many results (see Clark & Gronlund, 19
Raaijmakers & Shiffrin, 1992, for reviews), r
cent findings are discrepant with the core p
dictions of these models.

Specifically, the total similarity princip
does not hold for all judgments. Subjects of
reject new test items that are similar to a
peated study item (Hintzman, Curran, & Op
1992; Jones & Heit, 1993). Jones and H
(1993) found that prior presentations of wo
(e.g.,salmon) did not influence frequency es
mates or recognition judgments for unstud
similar words (e.g.,tuna), even when the pre
sented word had been shown as many a
times. In contrast, when both the old word a
a similar word had been studied, the freque
estimates increased with the presentation
quency of either word. Similarly, Hintzman
al. (1992) had subjects study nouns that w
either singular (e.g.,frog) or plural, and the
give frequency estimates for the words in eit
their original plurality (e.g.,frog) or with the
addition or deletion of an “s” (e.g.,frogs).
Hintzman et al.’s subjects produced freque
estimates for the similar distractor items t
were bimodal: About half of the judgmen
were zero and about half of the judgments w
roughly the frequency of the studied item.
both of these studies, subjects gave a surpr
number of zero judgments for new items t
were similar to old items which were presen
many times.

These discrepant results (as well as thos
others, e.g., Ratcliff, Clark, & Shiffrin, 199
Ratcliff, Sheu, & Gronlund, 1992, see Clark
Gronlund, 1996, for a review) have recently
researchers (e.g., Hintzman & Curran, 19
Jacoby, 1991) to suggest that one-process m
els of recognition memory, using a single fam
iarity measure, may be incomplete. It has b
suggested that a second, recall-like process

erates as well (see also Atkinson & Juola, 1973
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1974; Mandler, 1980). This second proces
generally supposed to be slower than the ini
familiarity-based process, but it would be m
accurate on fine discriminations between ite
For example, the second process could
people to state correctly thattuna has bee
presented zero times when it was another i
salmon,that actually had been presented. Li
wise, the second process could help peop
distinguishfrogs from frog, though it might be
expected to make some errors on such hi
similar pairs.

Some recent findings on the time course
recognition judgments do suggest that familiar
based information is used early in process
whereas recall-like information would be us
later in processing. Hintzman and Curran (19
conducted experiments like those of Hintzma
al. (1992), wherein subjects were required to
spond at various deadlines ranging from 10
2000 ms after the appearance of the test i
Early in processing, response rates on old it
(e.g., frog) and similar, unpresented items (e
frogs) tracked each other. But later in process
responses on the two kinds of items diverged,
the hit rate for old items increasing and the fa
alarm rate for similar items decreasing somew
In some cases the false-alarm rates to similar i
rose significantly during the early stages of p
cessing and fell significantly later in process
These results are consistent with the claim tha
early, familiarity-based process would not dis
guish well betweenfrog and frogs, but later, re
call-based information would make this discrim
nation possible.

There are several possible variants of two-
cess models and a number of issues that mig
addressed within a two-process framework.
important issue is how people would use inform
tion from a second, recall-like process. The d
inant, rather well-specified view is therecall-to-
reject account (Clark, 1992, p. 241; Gronlund
Ratcliff, 1989, p. 857; Hintzman & Curran, 199
p. 14; see Clark & Gronlund, 1996, pp. 56–57
a review). Again, assume that the wordfrog has
been studied but the wordfrogshas not. When
subject is tested onfrogs,the second process lea
to afrogmemory trace being recalled, but nofrogs

,memory trace. In the face of this negative evi-
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434 ROTELLO AND HEIT
dence,frogs is rejected and is given a “new
judgment regardless of the output of the fi
familiarity-based process. That is, a recall-to
ject process would use information about a
called item specifically to reject another, sim
foil that cannot be recalled. The rationale is
recallingfrog, and failing to recallfrogs,leads the
ubject to attribute the familiarity offrogs to its
imilarity to thefrog memory trace. Of course, t
ore time that is allowed for the recognition jud
ent to be made, the more likely it is that

ecall process would have successfully retrie
rog, so the more likely it is thatfrogs would be
ejected. We note that this recall-to-reject proc
ould not affect judgments on true foils (e
hair), which are items that have not been s
nd are not similar to any studied item. Pres
bly, true foils would not be familiar on the ba
f the first process, so a second process woul
e needed to reject them. The recall-to-rejec
ount is consistent with the increasing ability
intzman and Curran’s subjects to distinguish

ween old and similar, unpresented items lat
rocessing, when the recall process might con
te to the judgments.
Which response measures should be use

valuate the recall-to-reject account? Gene
peaking, a number of measures could be
o evaluate two-process accounts, and a num
f results might be suggestive of two proces
eing at work. For example, the increasing t
ecreasing pattern of false alarms on sim

tems (frogs) in Hintzman and Curran (1994)
uggestive of a sequence of two proces
owever, it is generally accepted that r
cores such as hit rates and false-alarm
hould be interpreted with caution, because
epend not only on signal strength but also
esponse bias. We would suggest that, in a
cal response-signal experiment, in which a s
ect might sometimes have to respond after

s and other times respond as much as 200
ater, it is extremely plausible that a subject m
ave different response biases and decision

eria at different deadlines. Hardly any inform
ion would be available early in processing, s
enient criterion for saying “old” might appl
n the other hand, when further information

vailable a stricter criterion might be in effect.
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Consistent with this proposal, there is
arked trend in Hintzman and Curran’s res

or the false-alarm rate on completely new ite
o decrease over the course of judgment, a
he response criterion were stricter at lon
eadlines. (Similar patterns of decreasing f
larms across time have been observed in
entially all response-signal experimen
hese completely new items would not be
iliar at all and likewise would never be r

alled, so it is plausible that the decreased
ponses to these items merely reflect a chan
riterion rather than some operation of a fam
arity or recall-like process. We do conside
nlikely that each subject manages to kee
onstant response criterion as the deadline
hus the demands of the task, varies. Whe
intzman, Caulton, and Curran (1994) did
nd significant changes in response criterio
ifferent response deadlines, this issue has
een extensively considered, and it is not c
hether the finding would generalize to ot
tudies. Indeed, measures of response crit
an be difficult to interpret when sensitiv
e.g., d9) is also changing (e.g., Feenan
nodgrass, 1990; Snodgrass & Corwin, 198
The traditional alternative to raw scores s

s hit rate and false-alarm rate is a discrim
ion measure such asd9 or dL.

1 These measur
are in essence the difference in responses to
items at a given deadline, so any change
response bias for that deadline should be
celed out.2 For example, responses to an

1 dL is a discrimination measure based on a logistic ra
than normal distribution, which we adopt to maintain c
sistency with Hintzman and Curran (1994). It is equa
roughly 1.67 timesd9 and it is easier to compute thand9. It
is computed asdL 5 ln[HR(1 2 FA)/FA(1 2 HR)],
where HR is the hit rate and FA is the false-alarm rate

2 Others have suggested that guessing rates or gue
processes might also change over different response
lines (e.g., Meyer, Irwin, Osman, & Kounios, 1988). T
point further supports our argument that hit rates and f
alarm rates should not be taken too literally, because
reflect other factors besides test item strength, suc
guessing. In the present case, we use the framewo
signal detection theory primarily as a means of data a
sis, for measuring the difference between two distribut
of response rates, rather than as a complete descript

how recognition processes might change overtime.
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435RECALL-TO-REJECT?
item, frog, might be evaluated in terms ofdL at
short and long deadlines. At each deadlinedL

would be computed by comparingfrog hit rates
to false alarms on completely new foils such
chair. If dL on frog increases from the sho
deadline to the long deadline, there would
evidence for increased strength of old ite
which is independent of response bias.

Likewise, it is possible to analyze respon
on similar, new items using difference sco
Here, responses on an unpresented item
frogs) which is similar to an old item would b
compared to responses on a completely new
(e.g., chair). Once again, the difference sc
could be expressed in discrimination un
Dosher (1984) used such an analysis for re
nition judgments in the response-signal p
digm, referring to the measure aspseudo-d9;
more recently, this measure has been use
similar experiments by Dosher and Rosed
(1991), Gronlund and Ratcliff (1989), and R
cliff and McKoon (1989). Higher values ofd9
or dL indicate a greater propensity to acc
similar items as old, relative to completely n
items. If the discrimination measure decrea
for frogs at longer deadlines, there would
evidence of greater rejection of similar ite
independent of a possibly changing respo
criterion.

Critically, using a difference score to co
pare false alarms for similar items to fa
alarms for true foils is most appropriate
testing the recall-to-reject account because
cording to this account, the recall-like proces
used exclusively to reject items that are sim
to what has been observed. The recall-to-re
process would affect similar foils, but, by de
nition, it would not affect true foil items that a
not similar to studied items. Hence it is app
priate to use a difference score, comparing ju
ments on similar foils to judgments on tr
foils. At later points in the course of judgme
this difference score should reflect the differ
tial operation of a recall-like process on the t
kinds of stimuli. We emphasize that whet
there is actually a change in response crite
at different lags, this difference score is
most direct, specific, and theoretically mo

vated measure of recall-to-reject processing.
s
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The (highly idealized) predictions of the
call-to-reject account are shown in Fig. 1. Ea
in processing, the discrimination measure (dL)
should increase for both old items and sim
items, due to the influence of the familiari
based process. But later in processing, when
recall process is providing useful informatio
the acceptance measure should decreas
similar items as these items are rejected. In
simplest case,dL for old items would stay fla
after the recall process becomes the pred
nant recognition mechanism, because the re
to-reject process would not affect old items

OTHER ISSUES

Before we turn to the available data in o
effort to evaluate the recall-to-reject accou
we briefly address some related issues. T
are other questions that might be raised in
context of two-process memory models.
example, could the two processes overlap
that at some points there is information fr
both processes becoming available? Our
sumption is simply that information from t
first process would begin to show its influen
early in the course of processing and that
influence of the second process would ap

FIG. 1. Idealized predictions for the recall-to-reje
account for old items and similar, unpresented, item
various response deadlines.
relatively late in processing. We will be exam-
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436 ROTELLO AND HEIT
ining experiments that were designed so
foil items would be accepted by a familiari
based process and rejected by a recall-to-r
process. Hence the recall-to-reject acco
would predict increasing acceptance (in te
of dL) at initial lags, followed by decreasin
acceptance at longer lags. None of our anal
make any strong assumptions about whethe
two processes might overlap or even ab
when exactly the first and second proce
would show their influences. For example,
modeling analyses will treat the onset times
the two processes as free parameters and
for some period when both processes migh
active.

A more far-reaching question is wheth
there are two processes at all. Some resear
(e.g., McClelland & Chappell, 1995; Mulliga
& Hirshman, 1995; Shiffrin & Steyvers, 199
have offered one-process accounts for re
that seemingly indicated two processes
should be noted that we do not presume to s
the one-process versus two-process deba
this paper. In the General Discussion we
consider how a one-process model might
commodate the results as well. However, n
we continue with our main purpose, which is
contribute to the exposition of two-proce
models by analyzing data within this fram
work, in particular by assessing the recall
reject account.

PREVIOUS RESULTS

Our first step in evaluating the recall-to-rej
account was to apply our new analyses to
results of two experiments by Hintzman a
Curran (1994).3 In these deadline-procedure
periments, subjects made recognition judgm
on old items (e.g.,frog), similar new items (e.g
frogs), and completely new items (e.g.,chair).
We would emphasize that Hintzman and Cu
did not specifically address the recall-to-re
account in their own analyses, but inst
looked more generally for evidence of bipha
patterns of responding over the time cours

3 We are greatly indebted to Douglas Hintzman for p
iding data from these experiments. A small numbe
ubjects’ data points, recorded as 0.00, were replaced

.01 so thatdL could be computed.
t

ct
t

s

s
e
t
s

f
w
e

rs

ts
t
le
in

l
-
t

-

e

ts

n
t

f

judgment. These well-conducted experime
have a useful design for evaluating recall
reject; therefore, we attempted to gain ad
tional value from this data set by using it to t
other, related issues.

Hintzman and Curran’s (1994) Experiment

Hintzman and Curran’s (1994) Experimen
used a wide range of response signal lags (
200, 350, 500, 750, 1200, 2000 ms). Twenty
participants studied lists of words one or tw
each and then made recognition judgment
old words, words that were new but similar
the studied words (differing only in plurality
and completely unrelated new foils.

First, we review the hit rate and false ala
results, presented in Hintzman and Curra
Fig. 4. There was an increasing trend for hits
old items as well as a decreasing trend for f
alarms on new items, as the response lag
creased. For the similar items, the false al
rate increased up until the 350 ms respo
deadline and then decreased. The peak is f
pronounced for the words similar to an it
presented twice, but less pronounced for
words similar to an item presented once. On
basis of false alarms to similar items, Hintzm
and Curran concluded that there was evide
for a recall-like process. In particular, they w
looking for an inverted-U pattern of respond
(a “peak”), with false alarms to similar item
increasing early in processing and then decr
ing later in processing. Using a quadratic po
nomial contrast analysis, they found some
dence consistent with this pattern. Howe
even a finding of a significant quadratic co
ponent is not the strongest evidence for an
verted-U pattern, because a quadratic com
nent merely indicates that the data show
nonlinearity (a “bend”); it does not imply th
the data show a significant non-monotonic
For example, a significant quadratic compon
is consistent with data that rise rapidly and t
level off to an asymptote (Glass & Hopkin
1984). To investigate this question further,
performed Tukey’s tests and found that th
were indeed significant drops. For words sim
to an item presented once, there is a signifi
f
th

drop at the 2000-ms deadline, compared to the
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437RECALL-TO-REJECT?
350- and 500-ms deadlines. For words sim
to items presented twice, there is a signific
drop at the 750-ms deadline compared to
350-ms deadline, and there is a significant d
at the 1200- and 2000-ms deadlines comp
to the 350- and 500-ms deadlines.

The analyses on raw scores may provide
gestive evidence for a change in processing
they do not specifically address the recall
reject account. Consequently, we conduc
further analyses using deriveddL measures
These measures had three main benefits.
as is conventionally accepted for discriminat
measures, they were an effort to distingu
between two sources of saying “yes” to a
stimulus: signal strength and guessing or o
response biases. Indeed, Hintzman and Cu
reported a sharply decreasing false alarm ra
new items at increasing response deadli
This unexplained finding calls into question
interpretation of false alarms on similar item
Second, our main analysis, usingdL to measur
acceptance of similar items, was specific
aimed at finding evidence for a recall-to-rej
process, which would operate on new items
are similar to old items. A recall-to-reject pr
cess would affect similar items but not true n
items, causing the acceptance of similar item
decline as the recall process had more tim
operate, but not affecting the acceptance of
foils. Finally, we fitted the discrimination me
sures with mathematical functions that eit
rise monotonically to an asymptote or initia
rise and then decline as more time elap
Thus, we can test directly whether the d
show any significant non-monotonicities t
would be consistent with the predictions o
recall-to-reject process.

For each of the deadlines, we computeddL

measures for old items and similar items
comparing acceptance rates on these item
acceptance rates on completely new items a
same deadline. The results of these analyse
shown in Fig. 2. In this graph and subsequ
figures, thex-axis indicates the response de
line plus the average time to respond at
deadline (i.e., signal lag1 response latency
The pattern of results is remarkably clear an

inconsistent with the recall-to-reject predic-
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tions. Early in processing (up until about 6
ms have elapsed),dL increases for both o
items and similar items. Later in processi
however, the acceptance rate (dL) for old items
continues to rise, whereas it stay roughly flat
similar items.

We performed ANOVAs on thesedL mea-
sures, which supported our interpretation of
2. For the old items, there was a main effec
lag (100, 200, 350, 500, 750, 1200, or 2000 m
F(6,150)5 119.02,MSe5 1.45,p , .001, and
a main effect of presentation frequency (1 or
F(1,25) 5 76.53, MSe 5 .50, p , .001. In
addition, there was an interaction between th
factors,F(6,150)5 9.58,MSe5 .23,p , .001.
For old items presented once, there were sig
icant increases from the 100-ms deadline to
200-ms deadline, from the 200-ms deadlin
the 350-ms deadline, from the 350-ms dead
to the 500-ms deadline, from the 500-ms de
line to the 750-ms deadline, and from
750-ms deadline to the 2000-ms deadline.
contrast analyses for the old items prese
twice led to the same conclusions.

Next and more importantly, for the simil
items, there was a main effect of lag,F(6,150)
5 52.75,MSe5 .86,p , .001, but the effect o
frequency was not significant,F(1,25) 5 1.74,
MSe5 .30. Also, there was no significant

FIG. 2. Acceptance of stimuli (in terms ofdL) for Hintz-
man and Curran (1994), Experiment 3, at varying resp
deadlines.
teraction between these factors,F(6,150) 5
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438 ROTELLO AND HEIT
1.94, MSe5 .21. Thus we performed contra
nalyses collapsing over the frequency fac
he results of the contrast analyses are simp
escribe. There is no significant increase f
00 to 200 ms, but the difference from b

hese cells to the remaining cells, 350, 500, 7
200, and 2000 ms, is significant. These la
ells did not differ significantly from each oth
here was no evidence that responses to sim

tems, in terms of thedL measure, either in
creased or decreased late in processing.

Finally, we conducted model-based analy
that most directly addressed whether there w
decreasing responses to similar items at
deadlines. The data in Fig. 2 were fit to t
separate functions. The first function repres
monotonic growth to a limit (Ratcliff, 1978):

dL~lag! 5
l1

Î1 1 n/~lag 2 d!
, [1]

where lag is the response signal lag plus
atency to respond at that lag (i.e., total proc
ng time),l1 is the asymptotic level of discrim
nation,n is the rate of approach to that asym
ote, andd is the point at which discriminatio
ises above chance. The second function w
o the data is a non-monotonic function o
imilar form. It assumes that the data confo
o Eq. 1 until a particular point in processin
ag*, at which point discrimination begins
decline to a second asymptote. (Because
were looking for peaked functions, the sec
asymptote was constrained to be no higher
the first.) The non-monotonic function is given

dL~lag!

5
l2 1 ~l1 2 l2!~lag* 2 d!/~lag 2 d!

Î1 1 n/~lag 2 d!

for lag$ lag*. [2]

Equations 1 and 2 (and variants) have b
widely used (e.g., Dosher, 1984; Gronlund
Ratcliff, 1989; Ratcliff, 1980; Wickelgren
Corbett, 1977).

For each type of stimulus, distinct rates a

asymptotes were estimated, but a single inte
r.
to

,
r

ar

s
e
r

ts

-

t

e

n

n

cept (d) was used for all the stimuli, and lik
wise a singlelag* was used for the non-mon
tonic fits. Model fitting was performed usi
SYSTAT’s Simplex estimation method to ite
atively adjust parameters so as to minimize
residual sum of squares (RSS). Consistent
the ANOVAs on thesedL data, we found tha
the non-monotonic function (R2 adjusted5
.996, RSS5 .445)4 did not fit the data signifi
cantly better than the monotonic function (R2

adjusted5 .997, RSS5 .455; x2(3) 5 .622,
n.s.).5 The best-fitting parameter values for b
models are shown in the bottom half of Table
the predictions of the monotonic model
shown as the curves in Fig. 2. We found
significant decrease in the acceptance of sim
items, relative to completely new foils, late
processing.

These model-based analyses focused on
erage group responses rather than indivi
subjects’ responses. It is useful to look at gr
responses, particularly when not many d
have been collected for each individual,
there is some risk that the averaged group-l
responses may not capture all the character
of individual subjects’ data. Hence, we repea

4 R2 adjusted is the proportion of variance accounted
by the model, adjusted for the number of free parame

Radjusted
2 5 1 2

O
i51

N
~di 2 d̂i!

2

~N 2 k!

O
i51

N
~di 2 d# ! 2

~N 2 1!

,

where N is the number of data points (di), d̂i is the
redicted value,k is the number of free parameters, andd# is

he overall mean.
5 These nested models were compared using the

nique of Borowiak (1989). In brief, when model A is
nonlinear model witha free parameters estimated usin
least-squares criterion, and B is a restricted version o
model withb free parameters, the likelihood ratio statisti
l 5 (RSSA/RSSB) (k/ 2), where RSS is the residual sum
squares of the model andk is the number of data points
be predicted (for this experiment, 20). Borowiak sho
that 22 ln (l) has ax2 distribution with (a 2 b) df. (See
Heit, 1998, and Lamberts, 1994, for other application
this technique.) The models differed by 3 free parame

r-hence, we used 3df. We employed ana 5 .05 criterion.
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439RECALL-TO-REJECT?
our model-fitting analyses on the data from e
subject individually. If subjects were individ
ally showing recall-to-reject processing, th
individual fits of Eqs. 1 and 2 should reveal t
many (if not most) subjects’ data were bette
by a non-monotonic function. Our analyses
not support this position, however. Of the
subjects, only 2 had data that were significa
better fit by the non-monotonic model than
the monotonic model. By chance alone, th
would be a 38% probability of finding 2 or mo
significant results of 26. In addition, the inc
mental fit of the non-monotonic model, summ
over all the subject’s individual fits, did n
significantly differ from chance,x2(78) 5
57.58, n.s.

In sum, the raw scores reported by Hintzm
and Curran for this experiment were sugges
of a change in processing at later lags, but
ANOVA and model-based analyses ofdL did
not provide any distinctive evidence for rec
to-reject.

Hintzman and Curran’s Experiment 3 a
included another condition, the Inclusion c
dition, in which subjects were told to respo
positively to both old items and similar, unp
sented items. Hintzman and Curran themse

TAB

Best-Fitting Parameter Values for
to the Data from Hintzman and

Monotonic model

Intercept Asymptote

H&C, Expt. 2
Old dL Freq. 1 473.6 3.57

Freq. 2 473.6 3.75
Similar dL Freq. 1 473.6 1.74

Freq. 2 473.6 1.92
H&C, Expt.3

Old dL Freq. 1 428.7 4.48
Freq. 2 428.7 5.70

Similar dL Freq. 1 428.7 2.26
Freq. 2 428.7 2.26

Note.H&C, Hintzman and Curran (1994); Freq., pres
lower) asymptote.

a Multiple values of this parameter make the same p
computeddL for this condition, comparing re-
h

t
t

y

e

e
e

s

sponses on old items to responses on new i
as well as comparing responses on similar it
to responses on new items. The results w
compatible with those of our other analys
That is, early in the time course of judgment,
difference measures for old items and sim
items tracked each other, whereas later in
course of judgment, the measures for the
kinds of items diverged, with greater accepta
for old items than for similar items. Howev
this Inclusion condition does not address
recall-to-reject hypothesis directly, beca
subjects were not instructed to reject sim
items. Put together, the pattern of false alarm
both conditions of Experiment 3 could be c
sidered as a kind of suggestive evidence f
second process in recognition, but they do
represent a distinctive test of the recall-to-re
account.

Hintzman and Curran’s (1994) Experiment

We applied these analyses to Hintzman
Curran’s (1994) Experiment 2, which was s
ilar to their Experiment 3 but included a sma
range of response signal lags (100, 250,
800, and 1200 ms). Our conclusions based
these data were the same as those describe

1

Monotonic and Non-monotonic Models
rran’s (1994) Experiments 2 and 3

Non-monotonic model

ate Intercept Lag* Asy. 1 Asy. 2 R

0.9 473.6 — 3.57 — 23
3.5 473.6 — 3.75 — 92
7.7 473.6 473.6a 1.74 1.74 67.7
8.7 473.6 473.6a 1.92 1.92 38.0

4.1 428.1 — 4.49 — 42
5.0 428.1 — 5.71 — 43
0.7 428.1 454.0 2.27 21.0 115.2
4.9 428.1 454.0 2.23 1.83

ation frequency; Asy. 1, the earlier asymptote; Asy. 2,

ictions. Sample value is shown.
LE

the
Cu

R

23
92
6
3

42
43
8
4

ent
Experiment 3, except that there was no evidence
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440 ROTELLO AND HEIT
of a significant rise-then-fall pattern in the fal
alarm rate to similar foils. The discriminati
(dL) scores computed from these data
shown in Fig. 3, along with the curves from
best-fitting monotonic functions. The fit of t
monotonic model was excellent (R2 adjusted5
.998, RSS5 .076) and the fit of the non-mon
tonic model was not significantly better (R2

adjusted5 .997, RSS5 .076,x2(3) 5 0.0, n.s.)
(The best-fitting parameter values for both m
els are shown in Table 1.) Moreover, fits of
models to the individual data revealed that o
3 of the 26 subjects in their Experiment 2 m
judgments that were significantly better fit
the non-monotonic function than by the mo
tonic function; the improvement in fit with th
non-monotonic function, summed over s
jects, was not reliable:x2(78) 5 57.60. Consis
tent with Hintzman and Curran’s Experimen
data, Experiment 2 also revealed no distinc
evidence for the recall-to-reject account.

Evaluation

We did find the lack of evidence so far
recall-to-reject to be surprising, considering
high similarity within pairs of words in th
Hintzman and Curran experiments. Such p
wise similarity might be expected to facilita

FIG. 3. Acceptance of stimuli (in terms ofdL) for Hintz-
man and Curran (1994), Experiment 2, at varying resp
deadlines.
the recall process. That is, if a recall process id
e

-

-

e

-

operating, whenfrogsis tested the subject oug
to be able to recall afrog memory trace easil
However, these stimuli do represent such
extremely high degree of similarity, both
terms of word meaning and orthography, t
people might have some difficulty discrimin
ing between old words and similar words. Ev
a slow, fairly accurate recall-like process mi
confusefrog and frogs. Therefore it is hard t
tell by intuition to what extent Hintzman a
Curran’s stimuli actually encouraged rec
based processing.

We conducted two new experiments with
primary purpose of trying to replicate the ba
Hintzman and Curran (1994) findings. For
most part, we followed Hintzman and Curra
methodology. The main change was that
used pseudoword pairs such asPRUMIR-
PRAMAD which have orthographic similari
but not semantic similarity.6 Although we did
not discover direct evidence for recall-to-rej
in the previous experiments, we speculated
the outcome might be different with other kin
of stimuli. On the other hand, if the two ne
experiments also failed to give direct evide
for recall-to-reject, there would then be a fa
strong case against this account.

EXPERIMENT 1

Our first experiment examined the tim
course of orthographic similarity effects a
was similar to those of Hintzman and Cur
(1994) in that subjects made recognition ju
ments about old items, similar items, and co
pletely new items. The stimuli were also sim
to those of Hintzman and Curran; the pai
stimuli differed only in terms of one or a fe
letters. However, we varied the position of
differing letters, unlike Hintzman and Curra
who varied only the final “s.” As we sha
suggest in the General Discussion, there ma
distinctive characteristics associated with

6 A third experiment used synonym pairs (ATTORNEY
AWYER) as stimuli. It led to the same conclusions as
xperiments 1 and 2. We have chosen not to report t
ata because subjects in that experiment made fewer r
ition judgments than is typical in a response-signal p

e

sigm; thus the data were relatively noisy.
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441RECALL-TO-REJECT?
final “s,” such as slower processing, that co
be responsible for a particular pattern of resu

Method

Subjects.Ten University of Massachuse
undergraduates participated in four 1.5 h
sions and were paid $30; one additional un
graduate participated in three sessions an
ceived $22.50.

Stimuli.Subjects studied lists of pseudowo
nd were asked to make recognition judgm
n old items, new items that were similar to

tems, and completely new items.
The 1080 pseudoword pairs were generate

ollows: Pronounceable pseudowords were
ted for each subject from a set of 3 basic stim

rames (CCVCVC, CVCCVC, or CVCVCC). F
ach pseudoword (e.g.,PRUMIR), either a low
imilarity or a high similarity partner was gen
ted. High similarity pseudowords differed by o
owel (e.g., PRAMIR); low similarity pseudo
ords differed by both vowels and the final c
onant (e.g.,PRAMAD). The interpair similarity

was minimized by use of a wide variety of co
sonant combinations within each basic frame

Each pseudoword in each pair was prese
0, 1, or 3 times. Presentation frequencies w
assigned to stimulus pairs so that there wer
pairs with each of the symmetric target-sim
pseudoword frequencies 0–0 (neither pse
word presented), 1–1 (both pseudowords sh
once), and 3–3. Because of the symmetric
ture of these frequencies, testing either pse
word in the pair provided a data point in anX–X
frequency condition; thus there were 42 test
pseudowords (2 from each pair) in eachX–X
condition. An additional 42 pairs were assign
to each of the target-similar pseudoword
quencies 1–0, 3–0, and 3–1. These word p
had asymmetric frequencies, so testing
pseudoword in the pair provided a data poin
anX–Y condition and testing the other pseu
word provided aY–X data point. Thus, the
were 42 pseudowords (one from each pair
eachX–Y or Y–X condition.

There were also 42 pairs at each of the tar
similar pseudoword frequencies 0–0, 0–1,
0–3 for which only one pseudoword was tes

For these single-test pairs, only the pseudo
.

-
-
e-

s

s
-
s

d
e
1

-
n
-

o-

e

-
rs
e

-

t-
d
.

words designated as targets appeared on
recognition tests. This somewhat elaborate
signment of presentation frequencies ens
that there would be equal numbers of stud
and unstudied pseudowords on the recogn
tests. The assignment of stimulus pairs to
quencies, and the selection of the “targ
pseudoword for each pair, were randomized
each subject.

The pairs of pseudowords at each freque
combination were evenly divided into 24 stu
lists, each of which contained a total of
stimulus presentations: 24 pseudowords sh
with a frequency of 1 and 24 shown three tim
Also, there were 42 pseudowords that ha
frequency of 0 and were not studied. The or
of the stimuli was randomized for each list a
for each subject, with the constraint that rep
tions of a pseudoword be separated by at le
other stimuli.

The recognition test following each study
consisted of 72 items: 18 pseudowords that
been presented once, 18 that had been pres
three times, and 36 distractors (24 sim
pseudowords and 12 completely new pseu
words) with presentation frequency 0. At ea
signal lag (30, 90, 270, 500, 700, and 1000
on each test, there was a target pseudoword
each target-similar word frequency. For exa
ple, there was a test stimulus that had b
studied three times and whose partner had
studied once (i.e., the target from a 3–1 pair
each signal lag. The test order was random
for each subject and for each list.

Procedure.At the beginning of the first se
sion, subjects learned to respond in a
sponse-signal paradigm. For each of the
training trials, they were shown an orienting c
(- -.1,- -) centered on the monitor of a co
puter for 500 ms. The cue was replaced with
word YES or NO, which appeared for a varia
amount of time (30, 90, 270, 500, 700, or 10
ms) before being replaced with a specific m
(- -***- -). At the same time the mask appear
a 25-ms signal tone sounded, signaling tha
subject should press “z” if the word YES h
been shown and “/” if NO had been show
They were instructed to respond after the sig

-but within 100–400 ms; they received accuracy
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442 ROTELLO AND HEIT
and latency feedback after each trial. Th
were eight training trials at each of the six sig
lags; half were YES and half were NO.

Following the training trials, subjects we
presented with a series of six 96-stimulus p
sentations. For each of the six study lists,
words were shown one at a time, centered
the screen, at a 4-s rate. Immediately follow
each list, subjects made speeded recogn
decisions about items in that list. Each test
began with an orienting cue, which was
placed by a test word that remained on
screen for variable amount of time (30, 90, 2
500, 700, or 1000 ms) before being replaced
a randomly generated letter mask. At the s
time as the mask appeared, a 10-ms signal
sounded, indicating that the subject should p
“z” or “/” to indicate that the word was old o
new. Subjects were instructed to respond a
the tone, within 100–400 ms. They receiv
latency and accuracy data after each respo
in addition, summary data were provided at
end of each test list. Subjects were told to
phasize timing over accuracy. Breaks were
lowed between study lists.

The second through fourth experimental s
sions were conducted like the initial sess
except that no training trials were included. T
time between sessions was minimized for e
subject, with the constraint that only one ses
be run each day.

Results

Data from the initial training session for ea

TAB

Hit Rates (HR) and False-A

Stimulus 30 90

HR
Old 1 .55 .58
Old 2 .61 .63

FA
Similar 1 .57 .59
Similar 3 .63 .62
New .59 .55
subject were discarded. All analyses were baset
e
l

-
e
n

n
l

,
y
e
e
s

r

e;

-
l-

-
,

h
n

on only those responses that occurred betw
100 and 350 ms after the response sig
Roughly 18% of the data were excluded.7 Pre-
liminary analyses did not reveal any signific
differences with regard to stimulus frame
similarity level (one or three letters changed)
results are reported collapsed over those
ables.

For completeness, we provide the hit ra
and false alarm rates for old, similar, and n
items in Table 2. These values were adjuste
adding 0.5 to the number of YES (“old”) r
sponses and dividing by the total number
responses1 1.0, so thatdL could be calculate
later (Hintzman & Curran, 1994; Snodgrass
Corwin, 1988). As can be seen in Table
positive responses to studied items increa
over processing, and positive responses to c
pletely new items decreased. These data,
those from Hintzman and Curran’s Experim
3, also show at least some suggestion o
non-monotonicity in the false alarms to sim
items. Tukey’s tests showed that the fa
alarms to pseudowords that were similar
items studied three times showed a peak at
ms: False alarms to those items increased
the 90- to the 270-ms lag and then decrea
from 270 to 500 ms. However, acceptance
pseudowords that were similar to items stud
once showed a general decreasing trend,
significant drops from the 90-ms lag to

7 We also analyzed the data using a 100- to 500
nclusion criterion. That analysis, from which only 5%

2

m Rates (FA) for Experiment 1

esponse deadline (ms)

70 500 700 100

.66 .66 .67 .68

.75 .86 .87 .89

.57 .54 .47 .4

.68 .63 .60 .6

.50 .29 .23 .21
LE

lar

R

2

dhe data were excluded, led to the same conclusions.
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443RECALL-TO-REJECT?
500-ms lag and again from the 500-ms lag to
700-ms lag.

However, the most striking finding in Table
is the marked decrease in false alarms to c
pletely new items as the test lag increases.
result reinforces our argument that the
sponses on old and similar items must be in
preted relative to some baseline which m
itself vary across the time course of recog
tion.8

The results of thedL analyses for Experime
1 are shown in Fig. 4. The pattern of result
similar to that of the other experiments, sho
ing a general increasing trend over time and
suggesting an effect of presentation freque
as well as an overall difference between old
similar items.

We first performed an ANOVA on thedL

measures for old items. There was a main e
of lag (30, 90, 270, 500, 700, or 1000 m
F(5,50)5 42.83,MSe5 .911,p , .001, and

ain effect of presentation frequency (1 or

8 We also calculated the logistic bias (Snodgrass &
in, 1988) for both of our own experiments and both
intzman and Curran’s (1994). For all four experime

ogistic bias for similar items compared to new items va
ignificantly as a function of response lag, with subj
ecoming markedly more conservative at longer lags
ddition, for both of our experiments, the bias measur
ld items versus new items showed significant differe

FIG. 4. Acceptance of stimuli (in terms ofdL) for Ex-
eriment 1, at varying response deadlines.
etween various lags.
e

-
is
-
-

-

-
o
y
d

t

,

(1,10) 5 127.3, MSe 5.176, p , .001. In
ddition, there was an interaction between th

actors, F(5,50) 5 16.33, MSe 5 .114, p ,
001. For old items presented once, respons
he 30- and 90-ms lags did not differ sign
antly from each other, but there was signific
ncrease from 90 to 270 ms. There was als
ignificant increase from 270 to 500 ms, but
00-, 700-, and 1000-ms cells did not dif
ignificantly from each other. For the old ite
resented three times, there was a signifi

ncrease from 90 to 270 ms and a signific
ncrease from 270 to 500 ms, but the 500-, 7
nd 1000-ms cells did not differ significan

rom one another.
More critically, for the similar items, the
as a main effect of lag,F(5,50) 5 25.47
Se 5 .407, p , .001, and a main effect
resentation frequency,F(1,10) 5 53.02
Se5 .109,p , .001. There was also a m

ginally significant interaction between the
factors,F(5,50)5 2.33,MSe5 .094,p , .06.
For similar items presented once, there wa
significant increase from the 270-ms deadlin
the 500-ms deadline. For the similar items p
sented three times, there were reliable incre
from the 30-ms deadline to the 270-ms dead
and from the 270-ms deadline to the 500
deadline. Most importantly, there were no s
nificant differences among the 500-, 700-,
1000-ms cells for the pseudowords that w
similar to stimuli shown either once or thr
times. The results are similar to those of Hin
man and Curran’s experiments, in that there
no evidence that acceptance of similar ite
decreased late in processing.

We also conducted model-based analyse
the dL data. Specifically, we fit the data in F
4 with both monotonic and non-monoton
functions. As in our analyses of Hintzman a
Curran’s data, each function was applied to
dL data for old and similar items. The fit of t
monotonic model was quite good, (R2 ad-
justed5 .989, RSS5 .456) and the fit of th
non-monotonic model was not significantly b
ter (R2 adjusted5 .986, RSS5 .450; x2(3) 5
.318, n.s.). Estimated parameter values for

-

,

r
s

models are shown in Table 3, and the predic-
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444 ROTELLO AND HEIT
tions of the monotonic model are shown as
curves in Fig. 4.

Finally, we fit individual subjects’ data wi
the monotonic and non-monotonic mode
None of the 11 subjects provided data that w
significantly better fit by the non-monoton
model than by the monotonic model. Looking
the summed improvement of fit for the no
monotonic model, it did not appear that the to
improvement was significant across subje
x2(33)5 1.230, n.s. That is, none of the subje
ndividually showed evidence in favor of reca
o-reject processing, and there was not a sig
cant improvement due for the non-monoto

odel when information was aggregated ac
ubjects.

iscussion

There was not much evidence for recall
reject found in this experiment. Although o
subjects were well able to discriminate betw
studied and unstudied items and were incr
ingly able to reject completely new foils acro
time, they did not show any evidence of
increasing rejection rate for similar foils relat
to completely new foils. Consistent with Hin
man and Curran (1994), thedL analyses ind
ated a relatively flat propensity to accept s
lar items at longer lags (see Fig. 4), and th
as no evidence for a drop at either the grou

ndividual subject level.
This experiment did differ in another w

rom those of Hintzman and Curran. Wherea
intzman and Curran’s study phase, only

TAB

Best-Fitting Parameter Values for the Monotonic

Monotonic model

Intercept Asymptote

Old dL Freq. 1 496.9 2.62
Freq. 3 496.9 4.27

Similar dL Freq. 1 496.9 1.46
Freq. 3 496.9 1.99

Note.Freq., presentation frequency; Asy. 1, the earl
ord was presented from a pair of similar items
e

.
e

t

l
,

f-

s

n
s-

-
e
r

e

(such asfrog or frogs), we sometimes present
oth items in the study list. More specifica

or 27% of our word pairs we presented b
tems (e.g.,PRUMIR and PRUMAD) during
study. We did so to provide a slightly mo
realistic situation that did not encourage s
cialized strategies on the part of the subj
That is, in recognition memory tasks outside
the laboratory, people are often faced wit
situation where they have seen two items wh
are similar to each other. A study list that d
not contain any similar pairs of items might le
subjects to use an idiosyncratic recall-ba
strategy which could not possibly be used
more general situation. For example, if a sub
knows that eitherfrog or frogs was presente
but not both, then recallingfrog would indicate
with certainty that frogs was not presente
However, the data we report for Experimen
are comparable to Hintzman and Curran’s
that we analyzed only the judgments for w
pairs for which just one word had been p
sented. Nonetheless, we compared our de
directly to Hintzman and Curran’s in our ne
experiment. Half of the subjects in Experim
2 never studied more than one item from
similar pair; the remaining subjects studied b
members for about half of the pseudow
pairs.

EXPERIMENT 2

This experiment had two main purposes
addition to generally being another attemp
look for recall-to-reject processes. First, we

3

Non-monotonic Models to the Data from Experiment

Non-monotonic model

te Intercept Lag* Asy. 1 Asy. 2 R

.7 496.5 — 2.57 — 24

.1 496.5 — 4.24 — 22

.6 496.5 525.8 1.41 1.41 2

.8 496.5 525.8 1.92 1.36 1

asymptote; Asy. 2, the later (lower) asymptote.
LE

and

Ra

263
228
189
103
amined the possible effects of list composition
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445RECALL-TO-REJECT?
on recognition strategy. If the second, rec
like process is optional, then it may be un
strategic control and sensitive to the organ
tion of the training set. In particular, in t
paired condition, subjects often studied b
members of a pair of similar items (for 36%
training stimuli, a similar item also appeared
the study list). In the unpaired condition, as
the Hintzman and Curran (1994) experime
subjects never studied both items from a pa
similar items. If subjects’ recognition strateg
are sensitive to list composition, then a rec
to-reject process might be more likely in
unpaired condition than in the paired conditi
The actual stimuli that were involved in pairin
in the paired condition were only tested as
items. Hence the similar foils and true fo
were comparable for the paired and unpa
conditions, and it was only the design for
old items that differed.

Also, this experiment collected a more ext
sive set of data per subject compared to pr
ous experiments, with seven signal lags fr
100 to 2000 ms, and a total of 13 testing s
sions, facilitating analyses at the level of in
vidual subjects.

Method

Subjects.Ten University of Warwick stu
ents participated in 13 sessions of appr
ately 1 h each and were paid 75 pounds s

ing. Five subjects were chosen randomly
he paired condition and the remaining five w
n the unpaired condition.

Stimuli. The subjects studied lists of pr
ounceable pseudowords, generated as in
eriment 1, and were asked to make recogn

udgments on old items, new items that w
imilar to old items, completely new items, a
ller items. Each study list consisted of tw
untested) primacy items, 18 critical pseu
ords shown once each, 18 critical pseu
ords shown three times each, 6 filler ite
nd 2 (untested) recency items.
In the unpaired condition, all 36 critic

pseudowords and the 6 fillers were unrelate
one another. Thus, subjects in this condi
always studied only one member of a sim

stimulus pair. Six repeated and six unrepeate
-
r
-

,
f

-

.

d

-
i-

-

-
-
r

x-
n

-
-
,

o

critical stimuli were randomly chosen to se
as old items on the recognition test; the uns
ied similar partner of 12 other pseudowords
repeated and 6 unrepeated) served as the s
foils on the test, and 12 completely n
pseudowords served as the new foils. Th
filler items (4 presented once each; 2 prese
three times) appeared on both the study lists
recognition tests.

In the paired condition, subjects studied
repeated pseudowords and 6 unrepeated
that were unrelated to one another. The uns
ied similar partners to each of these stim
served as the similar foils on the recognit
test. Thus, the similar test items were exa
comparable in the paired and unpaired co
tions. In addition, subjects in the paired con
tion studied both members of 6 stimulus p
that were shown once and both members
stimulus pairs that were shown three times.
member of each of these 12 pairs was rando
selected to serve as a studied (“old”) pseu
word on the recognition test; 12 addition
pseudowords were selected to serve as c
pletely new foils. There was also 6 fillers ite
(4 shown once each; 2 shown three times
both the study and test lists.

Six critical stimuli of each type (frequen
one or three; old, similar, new) were tested
each study–test block, and there were se
response signal lags (100, 200, 350, 500,
1200, and 2000 ms) on each list. A Latin squ
design was used to assign items to resp
deadlines such that over a set of seven study
blocks there were six items of each type te
at each lag. The filler items were assigned
lags such that there were always six test tria
each lag in each block. The presentation and
orders of the critical stimuli were randomiz
for each list for each subject.

Procedure.The procedure was the similar
that of Experiment 1, except that each of
sessions included a total of seven lists of
stimulus presentations, and each study list
lowed a test with 42 items. Also, responses w
collected with a button box, with two butto
labeled YES and NO. As in Experiment 1,
first session was preceded by a training exe

dfor the response-signal task. To increase the
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446 ROTELLO AND HEIT
yield of available data within the response ra
of 100 to 350 ms, subjects were instructed to
to respond within 300 ms of the signal tone

Results and Discussion

Data from the first session for each sub
were discarded. All analyses were based
only those responses that occurred between
and 350 ms after the response signal. Abou
of the data were excluded.9

We provide the hit and false alarm rates
old, similar, and new items in Table 4. Co
pared with our Experiment 1, and with Hin
man and Curran’s (1994) Experiment 3, th
subjects appear to have made their earlies
sponses with a more stringent response c
rion: The positive response rate to all types
items is rather low at the earliest lags. Howe
these subjects clearly were able to discrimin
studied from new items. The hit rate to stud
items increased across processing, and the f

9 These exclusions also included a very small numb
ccasions on which the computer recorded both resp
uttons being pressed, and, in the case of one su
esponses to eight items were dropped due to an erro

TAB

Hit Rates (HR) and False-A

Stimulus 100 200

Paired condition
HR

Old 1 .44 .49
Old 3 .44 .50

FA
Similar 1 .41 .41
Similar 3 .40 .47
New .36 .40

Unpaired condition
HR

Old 1 .42 .43
Old 3 .36 .51

FA
Similar 1 .41 .40
Similar 3 .41 .44
New .38 .44
timulus file.
e
y

t
n
0

e
e-
-

f
,
e

e-

alarm rates to both similar and completely n
items decrease over time, with false alarm
completely new items dropping more rapi
than those to similar foils. These subjects,
those in Hintzman and Curran’s Experimen
show little evidence of a peak in their fa
alarms to similar items, except perhaps for
foils that were similar to items studied thr
times. Tukey’s tests did not reveal any sign
cant increases or decreases, at different lag
false alarms for similar items.

The results of thedL analyses for Experime
2 are shown in Fig. 5. Figure 5A shows the d
from the paired condition, Fig. 5B shows
data from the unpaired condition, and Fig.
shows the pooled data from all 10 subjects.
pattern of results is similar to that of the ot
experiments, showing a general increasing t
for old items and a rather flat curve for simi
items. We would note that thedL values fo
similar items are somewhat lower than thos
our previous analyses. Although the false-al
rates to the similar items were roughly com
rable to the analogous data in Hintzman
Curran’s Experiment 2, the false-alarm rates

f
se
t,
a

4

m Rates (FA) for Experiment 2

Response deadline (ms)

500 750 1200 20

.64 .65 .66 .6

.77 .80 .83 .8

.39 .33 .33 .3

.47 .36 .37 .4

.29 .24 .24 .2

.61 .61 .60 .6

.76 .77 .73 .7

.38 .37 .34 .3

.42 .44 .39 .2

.33 .27 .25 .2
LE

lar

350

.61

.69

.44

.41

.34

.57

.66

.42

.47

.38
completely new foils in this experiment did not
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447RECALL-TO-REJECT?
decline as rapidly as in their study. As a res
our subjects showed relatively low similar–n
discrimination (dL) measures.

We first performed an ANOVA on thedL

measures for old items. Condition (paired
unpaired) was not a statistically significant v
able and it did not significantly interact w
other variables. There was a main effect of
(100, 200, 350, 500, 750, 1200, and 2000 m
F(6,48) 5 39.41,MSe5 .43, p , .001, and

ain effect of presentation frequency (1 or
(1,8)5 8.98,MSe5 .78,p , .05. In addition

there was an interaction between these fac
F(6,48)5 3.87,MSe5 .20,p , .01. Hence w
compared mean responses at different l
pooled over condition. For old items presen
once, responses at the 100- and 200-ms lag
not differ significantly from each other, b
there was a significant increase from these
to the 350-ms lag. The 350-, 500-, 750-,
1200-ms lags did not differ significantly fro
each other, but there was a significant ju
from 350 to 2000 ms. For the old items p
sented three times, responses at the 100-
200-ms lags did not differ significantly fro
each other, but there was a significant incre
from these two to the 350-ms condition. Fr
the 350-ms condition there is a significant
crease to the 500-ms condition, and finally
increase from the 750- to the 2000-ms condi
is statistically significant.

More critically, for the similar items, cond
tion (paired or unpaired) was not a statistic
significant variable and it did not significan

FIG. 5. Acceptance of stimuli (in terms ofdL) for E
from the paired condition; (B) the data from the u
interact with other variables. There was a main
,

r

),

,

s,

s,

id

o

nd

e

effect of lag,F(6,48)5 5.07,MSe5 .17, p ,
.001, and a main effect of presentation
quency,F(1,8) 5 11.65,MSe5 .08, p , .01,
but the interaction between these two varia
was not significant,F(6,48)5 .75, MSe5 .06.
Hence we looked at mean responses at diffe
lags, pooled over the condition and presenta
variables. There was clearly an increasing tr
overall, but the only significant pairwise diffe
ence was the increase from the 200- to
2000-ms deadline. There was no evidence
decreased acceptance of similar items at lo
lags.

We also applied Eqs. 1 and 2 to the data f
each condition and to the results pooled ove
two conditions. For the paired condition,
monotonic model gave a good fit (R2 ad-
justed 5 .970, RSS5 1.185) and the non
monotonic model did not fit significantly bet
(R2 adjusted5 .964, RSS5 1.185;x2(3) 5 0.0,
n.s.). Indeed, the best fit for the non-monoto
model actually assumed that the second asy
tote would the same as the first asymptote,
there would be no drop. Requiring the sec
asymptote to be lower only made the n
monotonic model fit worse. The best-fitting p
rameter values for both models are shown
Table 5, and the predictions of the monoto
model are shown as the curves in Fig. 5A.
the unpaired condition, the fit of the monoto
model was again quite good (R2 adjusted5
.982, RSS5 .462), and the non-monoton
model did not fit significantly better (R2 ad-
justed5.980, RSS5 .434,x2 (3) 5 1.751, n.s.)

eriment 2, at varying response deadlines; (A) the data
ired condition; and (C) the overall means.
xp
The estimated parameter values for the both
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448 ROTELLO AND HEIT
models are shown in Table 5, and the predi
responses are shown as the curves in Fig. 5
addition, we applied these models to poo
data from all 10 subjects. The fit of the mon
tonic model was very good (R2 adjusted5
977, RSS5 .692) and the non-monoton
odel did not fit significantly better (R2 ad-

justed5 .973, RSS5 .692,x2 (3) 5 0.0, n.s.)
The estimated parameter values are show
Table 5 and as the curves in Fig. 5C. Again,
best-fitting version of the non-monotonic mo
made essentially the same predictions as
monotonic model, assuming that the two
ymptotes would be identical.

Finally, we fit individual subjects’ data wi
the two models. In this way, we assessed
evidence for recall-to-reject over a range
individual performance levels, such as vary
levels of discrimination and bias for differe
subjects. However, we found that none of th
subjects in the unpaired condition showed
tistically significant evidence for the use o
recall-to-reject process. Of course, this co
tion was expected to have the greatest chan
revealing the contribution of recall-to-reje

TAB

Best-Fitting Parameter Values for the Monotonic

Monotonic mode

Intercept Asymptote

Paired condition
Old dL Freq. 1 404.7 2.53

Freq. 3 404.7 3.54
Similar dL Freq. 1 404.7 .50

Freq. 3 404.7 .98
Unpaired condition

Old dL Freq. 1 520.6 1.88
Freq. 3 520.6 2.72

Similar dL Freq. 1 520.6 1.03
Freq. 3 520.6 .63

Pooled data
Old dL Freq. 1 416.8 2.39

Freq. 3 416.8 3.26
Similar dL Freq. 1 416.8 .66

Freq. 3 416.8 .80

Note.Freq., presentation frequency; Asy. 1, the earl
a Multiple values of this parameter make the same p
Similarly, we found that only 1 of the 5 subjects
d
In

in
e
l
e
-

e
f

-

-
of

in the paired condition showed significant e
dence for recall-to-reject. Putting together th
analyses, the summed improvement due to
non-monotonic model for the 10 subjects w
not statistically significant,x2(30) 5 28.46, n.s
Across these four experiments, then, we h
found only 6 of the 73 subjects to have provid
data that were significantly fit better by t
non-monotonic model. There is a 10.4% pr
ability of 6 or more significant results of 73
chance alone.

In sum, the findings for Experiment 2 we
similar to those of the other experiments. T
correcteddL analyses showed a significant
creasing pattern of acceptance for similar ite
(as well as for old items), without any eviden
for decreasing acceptance of similar items
longer lags. That is, the distinctive predict
for recall-to-reject was not supported at
group or individual subject level.

GENERAL DISCUSSION

Summary

It is always difficult to demonstrate that a n

5

Non-monotonic Models to the Data from Experiment

Non-monotonic model

Rate Intercept Lag* Asy. 1 Asy. 2 Ra

354.3 404.7 — 2.53 — 35
529.7 404.7 — 3.54 — 52
118.3 404.7 404.7a .50 .50 118.3
510.7 404.7 404.7a .98 .98 510.7

272.8 515.8 — 1.98 — 37
192.2 515.8 — 2.71 — 19

2756.0 515.8 716.0 .52 .39 10
85.9 515.8 716.0 .37 .28

768.7 416.8 — 2.39 — 76
502.6 416.8 — 3.26 — 50
806.3 416.8 416.8a .66 .66 806.3
328.2 416.8 416.8a .80 .80 328.2

asymptote; Asy. 2, the later (lower) asymptote.
ictions. Sample value is shown.
LE

and

l

ier
result indicates the true absence of an effect, but



rac
-to
dis
e
ha
ca
in
un

in-
w
a

rue
f in
o tem
f
c d i
t of
s nt
s e o
o ha
r tist
c ute
t nt
o ur
e

nc
w jec
a lse
a tion
a

an
to

rm
ing
o,
uld
ve
et
as

e t
the
gs

jec
hic

out
tz

in
ted.
in-
call-

g.,
).
ling

,
her
und
tic-
ad

i.e.,
ely

lse
r to
lse
ll-
tly,

hat
ents
x-
-to-
d in

lts
ss
st

in-
ble
to

of

m-
tion
ties
n of
ty-
rma-
he

449RECALL-TO-REJECT?
we do believe that our findings are best cha
terized as a lack of evidence for the recall
reject account. This account makes a quite
tinctive prediction, that similar items will b
increasingly rejected as the recall process
more time to operate. If we assume that re
begins to contribute to item recognition later
processing, then the recall-to-reject acco
would predict that similar items would be
creasingly rejected at longer lags. Instead,
found no evidence that similar words such
frogswere increasingly rejected relative to t
oils such aschair. There was no evidence
ur analyses that recalling the presented i

rog, led people to rejectfrogs.This finding was
onsistent over four experiments conducte
hree laboratories, using two different kinds
timulus pairs. Each of these experime
howed significant increases in acceptanc
ld items late in processing and generally
esults associated with high degrees of sta
al significance. Thus we would not attrib
he lack of evidence for decreasing judgme
n similar items to a lack of power in these fo
xperiments.
However, there may indeed be other evide
hich seems more favorable to a recall-to-re
ccount. Although we have argued that fa
larm rates should be interpreted with cau
nd that discrimination measures such asdL are

more suitable, some may still find Hintzm
and Curran’s (1992) pattern of false alarms
be suggestive. That is, sometimes false ala
to similar items increased early in process
and decreased late in processing. Even s
supporter of the recall-to-reject account wo
still need to explain why a major, distincti
prediction of this account, that people will g
better at distinguishing similar items such
frogs from completely new items such aschair
after the recall process begins to contribut
the judgment, was not supported at all in
four experiments we analyzed. Our findin
represent a major failure for the recall-to-re
account, regardless of any other evidence w
may seem to support this account.

Out of fairness, though, we should point
that our own experiments and those of Hin

man and Curran have a restricted focus, an
-
-
-

s
ll

t

e
s

,

n

s
f

d
i-

s

e
t
-

s

a
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t
h

-

recall-to-reject processes might be found
other situations which we have not investiga
For example, associative recognition may
clude a recall-to-reject process because re
ing thatA had been studied withB, not withB9,
would allow one to reject anA–B9 foil quite
readily, even ifB9 had also been studied (e.
Clark, 1992; Clark, Hori, & Callan, 1993
More concretely, it seems possible that recal
thatquilt had been studied withtelephonecould
facilitate rejection of a test pair likequilt–soda
even if sodahad also been studied in anot
pair. In a response-signal paradigm, Gronl
and Ratcliff (1989, Experiment 2) asked par
ipants to discriminate pairs of words that h
been studied together (i.e.,A–B) from those
that had been studied with other words (
A–B9) and from those that were complet
new foils (i.e.,X–Y pairs, whereX and Y are
both new words). Although precisedLs could
not be computed from their published data, fa
alarms to their rearranged pairs did appea
decrease more rapidly over time than fa
alarms to completely new foils, as if a reca
to-reject process were operating. Recen
Rotello and Heit (1998) have confirmed t
subjects in associative recognition experim
similar to Gronlund and Ratcliff’s (1989, E
periment 2) show evidence of using a recall
reject process, using the same criteria applie
the analyses in the present paper.

In the Introduction, we noted that our resu
would be interpreted within a two-proce
framework in which information from the fir
process is available early in processing and
formation from the second process is availa
late in processing. However, next we begin
interpret the results within a wider variety
possible accounts.

Other Two-Process Accounts

While still assuming that there are two me
ory processes which contribute to recogni
judgments, there are a number of possibili
about their sequence. One plausible versio
two-process theory is that the first, familiari
based, process continues to make new info
tion available even after information from t

drecall process becomes available. If the first
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450 ROTELLO AND HEIT
process were continuing late in processing,
this familiarity process would lead judgme
on similar, unpresented items to increase.
deed, there is some hint of increased accept
of similar items late in processing in Fig. 4
our Experiment 1.

In contrast, a recall-to-reject process wo
act in the opposite direction of the familiar
process, leading people to reject similar ite
What would be the implications ofboth a fa-
miliarity process and a recall-to-reject proc
operating simultaneously? Our findings of
significant change indL for similar items, late in
processing, could be due to a recall-to-re
process canceling out new information from
ongoing familiarity process. The decrease
response due to recall-to-reject could counte
the increase in response due to familiarity.
admit that we cannot rule out this alternat
argument, but it does seem like rather w
evidence for a recall-to-reject process in it
recognition. Under this explanation, the rec
to-reject process is so ineffectual that it does
actually help people to reject similar, unp
sented items.

Assuming a two-process model of recog
tion in which the familiarity process opera
earlier than the recall process, are there o
variants of the recall component that might b
ter account for these data? That is, there
many possible second processes that migh
applied to recognition judgments, and recall
reject is just one of them. Although we a
addressing the evidence for each process
vidually, we would not rule outa priori the
possibility that more than one second proc
could be operating.

We consider two specific possibilities, t
first of which we call therecall-to-acceptac-
count. In this account, the second process h
positive influence, in accepting old test item
rather than a negative influence, in rejec
new test items. When a subject studiesfrog and
is tested onfrog, a matching memory trace
recalled, thus increasing the probability t
frog will be called “old.” In contrast, iffrogs is
tested, normally no matching trace would
recalled, sofrogs judgments would not obta

an increment in the positive response rate from
n

-
ce

.

s

t

ct
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t
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e
e

-

i-

s

a
,

t

the second process. The critical difference
tween this recall-to-accept account and the
call-to-reject account is that recall-to-acc
would facilitate the correct acceptance of
words like frog, whereas recall-to-reject wou
facilitate the correct rejection of similar fo
such asfrogs.Hence, in terms of the predictio
for discrimination performance, the recall-
accept account of recognition would say t
discrimination between old items and co
pletely new foils would continue to increase l
in process because recall-to-accept facilit
acceptance of studied items. This predictio
consistent with the data from all four of t
experiments we have described.

Finally, we consider a different kind of se
ond process, which would be an alternative
both recall-to-accept and recall-to-reject. In
account, which we refer to asexhaustive searc
the second memory process searches thr
memory for an exact match, and the sub
rejects the test item if no match is recall
Thus, the subject would make a positive ju
ment on an old word such asfrog and rejec
similar words such asfrogsand completely ne
words such aschair. The critical differenc
between this account and the recall-to-re
account is that the recall-to-reject account
pends on recalling the presented item,frog, in
order to reject the similar item,frogs. In con-
trast, the exhaustive search process would
ply reject frogs when nofrogs memory trace
are recalled, regardless of whetherfrog is re-
called. We emphasize that this exhaus
search account is not the process describe
Clark (1992), Clark and Gronlund (199
Gronlund and Ratcliff (1989), or Hintzman a
Curran (1994). These other accounts clearly
scribe a recall-to-reject process. However,
exhaustive search account is compatible
descriptions of a metamemory process in wh
the failure to retrieve a memory trace for
subjectively memorable event is diagnostic
its nonoccurrence (e.g., Brown, Lewis,
Monk, 1977; Strack & Bless, 1994; cf., Rotel
in press).

Our data do not allow us to discrimina
between these two alternatives at present

deed, our main positive finding, that people
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451RECALL-TO-REJECT?
increasingly favor old items such asfrog over
completely new items such aschair late in
processing, is compatible with both exhaus
search and recall-to-accept. That is, the re
could be due to increased responses tofrog
(according to recall-to-accept) or to decrea
responses tochair (according to exhaustiv
search).

One-Process Accounts

Our purpose so far has been to make a
tribution to two-process theories of memory,
specifying variants in greater detail and de
ing their predictions. We have not been trying
distinguish two-process accounts of memory
a class, from one-process accounts. Howe
there is value in developing better one-proc
models as well. We turn not to a memory mo
but to a model of categorization (Lambe
1995) which describes how classification d
sions are made at different time lags. The c
ical idea behind Lamberts’s model is that
decision whether to place some object int
particular category depends on the object’s s
ilarity to the category representation, but si
larity depends on different features at differ
points in processing (see also Goldstone, 1
Goldstone & Medin, 1994). Features that
especially salient will affect classification ea
in the time course of judgment, whereas
salient features will become available later.

It is natural to suggest an analogous, o
process account for recognition memory. T
is, recognition would depend on a single, fam
iarity-based process, but comparative infor
tion about different features would beco
available at different times. (Similarly, Ratcl
and McKoon, 1989, suggested that individ
feature information would be available ea
but information about feature relations wo
be available later.) Thus some test item m
initially seem familiar on the basis of its salie
features, but later on when more detailed in
mation is available, the item might be a wo
match to what is in memory. For example, c
sider thefrog–frogsstimuli used by Hintzma
and Curran (1994). It is plausible that the pr
ence or absence of the final “s” would be l

salient than other features. After all, the “s” is
lt
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the last letter of the word and it does not cha
the meaning much (see also Murrell & Morto
1974). Early in the time course of recogniti
frogs might seem quite similar to a memoriz
item, frog, if information about the final “s” i
not yet available. Later in the time course
recognition, with due consideration of the fi
“s,” a frogstest item would not seem as famil
as a frog test item. The result would be th
people would not be able to distinguish betw
frog and frogs at early test deadlines, but jud
ments on these two items would diverge at l
deadlines. (See Brockdorff, 1998, for an imp
mentation of these ideas.)

For our own Experiments 1 and 2, it is p
sible to apply the same sort of one-proc
account. Previous research on reading has
gested that consonants tend to be more sa
than vowels (see Berent & Perfetti, 1995, fo
review), soPRUMIR andPRAMIRmight well
seem similar early but not late in the time cou
of judgment. Thus for our own experiments
well as Hintzman and Curran (1994), the diff
ent pattern of results early and late in proces
could be attributed to a single, familiarity-bas
process, but with different information or fe
tures being available at different times.

Conclusion

We conclude on a positive note. Building a
testing models of memory is a difficult ent
prise, because even well-established, succe
models eventually face some unexplainable
sults. Further complicating the picture is the f
that it can be quite difficult to distinguish b
tween broad classes of models, such as
process versus one-process models. Still, s
times quite consistent results appear wh
prove very useful in suggesting and constr
ing new models of memory. For example, o
such regularity concerns the ratio of varian
for recognition judgments on new items and
items; this ratio is typically lower than what
predicted by global memory models (Ratcliff
al., 1992). This finding has led to innovat
developments in memory models (e.g., McC
land & Chappell, 1995; Shiffrin & Steyver
1997).
In the present paper, we have found initial
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evidence for another regularity. For two diff
ent kinds of stimuli, we have found that, ov
the time course of judgment, people do
seem to get any better at distinguishing sim
but unpresented items from new items. Prev
results (Hintzman & Curran, 1994) provide
extremely clear pattern here. For example,
line representing judgments on similar items
Fig. 3 is almost perfectly flat. Our own resu
replicate Hintzman and Curran’s in terms
showing increases for old items but no impro
ment on rejecting similar foils. Of course, mo
empirical work is needed before any statem
about a regularity with greater generality can
made. Yet the present findings have so far b
quite useful in showing that the recall-to-rej
account of recognition memory is inappropri
for explaining these item recognition expe
ments.

REFERENCES

Atkinson, R. C., & Juola, J. F. (1973). Factors influenc
speed and accuracy of word recognition. In S. K
blum (Ed.),Attention and performance IV(pp. 583–
612). New York: Academic Press.

Atkinson, R. C., & Juola, J. F. (1974). Search and dec
processes in recognition memory. In D. H. Kra
R. C. Atkinson, R. D. Luce, & P. Suppes (Ed
Contemporary development in mathematical psyc
ogy: Learning, memory, and thinking(pp. 243–293)
New York: Freeman.

Berent, I., & Perfetti, C. A. (1995). A rose is a REEZ: T
two-cycles model of phonology assembly in read
English.Psychological Review,102,146–184.

orowiak, D. S. (1989).Model discrimination for nonlinea
regression models.New York: Dekker.

rockdorff, N. (1998).A feature-sampling theory of clas
fication and recognition.Ph.D. thesis, University o
Birmingham, UK.

rown, J., Lewis, V. J., & Monk, A. F. (1977). Memor
bility, word frequency and negative recognition.Quar-
terly Journal of Experimental Psychology,29, 461–
473.

lark, S. E. (1992). Word frequency effects in associa
and item recognition.Memory and Cognition,20,231–
243.

Clark, S. E., Hori, A., & Callan, D. E. (1993). Forced-cho
associative recognition: Implications for global-me
ory models. Journal of Experimental Psycholog
Learning, Memory, and Cognition,19, 871–881.

Clark, S. E., & Gronlund, S. D. (1996). Global match
models of memory: How the models match the d
Psychonomic Bulletin & Review,3, 37–60.
Dosher, B. A. (1984). Discriminating preexperimental (se-
t
r
s

e

-

t

n

n

-

.

mantic) information from learned (episodic) asso
tions: A speed-accuracy study.Cognitive Psycholog
16, 519–555.

Dosher, B. A., & Rosedale, G. (1991). Judgments of sem
tic and episodic relatedness: Common time-course
failure of segregation.Journal of Memory and Lan
guage,30, 125–160.

Estes, W. K. (1994).Classification and cognition.New
York: Oxford Univ. Press.

Feenan, K., & Snodgrass, J. G. (1990). The effect of co
on discrimination and bias in recognition memory
pictures and words.Memory and Cognition,18, 515–
527.

Gillund, G., & Shiffrin, R. M. (1984). A retrieval model fo
both recognition and recall.Psychological Review,91,
1–67.

lass, G. V., & Hopkins, K. D. (1984).Statistical method
in education and psychology.Englewood Cliffs, NJ
Prentice Hall.

oldstone, R. L. (1994). Similarity, interactive activati
and mapping.Journal of Experimental Psycholog
Learning, Memory, and Cognition,20, 3–27.

oldstone, R. L., & Medin, D. L. (1994). Time-course
comparison.Journal of Experimental Psycholog
Learning, Memory, and Cognition,20, 29–50.

ronlund, S. D., & Ratcliff, R. (1989). Time course of ite
and associative information: Implications for glo
memory models.Journal of Experimental Psycholog
Learning, Memory, and Cognition,15, 846–858.

eit, E. (1993). Modeling the effects of expectations
recognition memory.Psychological Science,4, 244–
252.

eit, E. (1998). Influences of prior knowledge on selec
weighting of category members.Journal of Experi
mental Psychology: Learning, Memory, and Cog
tion, 24, 712–731.

intzman, D. L. (1988). Judgments of frequency and
ognition memory in a multiple-trace memory mod
Psychological Review,95, 528–551.

intzman, D. L., Caulton, D. A., & Curran, T. (1994
Retrieval constraints and the mirror effect.Journal of
Experimental Psychology: Learning, Memory, a
Cognition,20, 275–289.

intzman, D. L., & Curran, T. (1994). Retrieval dynam
of recognition and frequency judgments: Evidence
separate processes of familiarity and recall.Journal of
Memory and Language,33, 1–18.

intzman, D. L., Curran, T., & Oppy, B. (1992). Effects
similarity and repetition on memory: Registrat
without learning?Journal of Experimental Psycho
ogy: Learning, Memory, and Cognition,18, 667–680

acoby, L. L. (1991). A process dissociation framew
Separating automatic from intentional uses of mem
Journal of Memory and Language,30, 513–541.

ones, C. M., & Heit, E. (1993). An evaluation of the to
similarity principle: Effects of similarity on frequen
judgments. Journal of Experimental Psycholog

Learning, Memory, and Cognition,19, 799–812.



nist
ing
-

nt o

ure

evi-

M
the
l

M tive

M J.
ntal
pos

M acy
ition

M re-
-

M nd
y-

N rela
cal-
g,

R

y,

R ion
get-

R t-
-
og-

R n
me

R for

R n:
ript

S g-

S ea-
ntia
y:

S ces:

W ve
call
y:

(

453RECALL-TO-REJECT?
Kortge, C. A. (1990). Episodic memory in connectio
networks. InProceedings of the 12th Annual Meet
of the Cognitive Science Society(pp. 764–771). Hills
dale, NJ: Erlbaum.

Lamberts, K. (1994). Towards a similarity-based accou
compatibility effects.Psychological Research,56,
136–143.

Lamberts, K. (1995). Categorization under time press
Journal of Experimental Psychology: General,124,
161–180.

Mandler, G. (1980). Recognizing: The judgment of pr
ous occurrence.Psychological Review,87, 252–271.

cClelland, J. L., & Chappell, M. (1995).Familiarity
breeds differentiation: A Bayesian approach to
effects of experience in recognition memory.Technica
Report PDP.CNS.95.2, Carnegie Mellon Univ.

etcalfe, J. (1982). A composite holographic associa
recall model.Psychological Review,89, 627–661.

eyer, D. E., Irwin, D. E., Osman, A. M., & Kounios,
(1988). The dynamics of cognition and action: Me
processes inferred from speed-accuracy decom
tion. Psychological Review,95, 183–237.

ulligan, N., & Hirshman, E. (1995). Speed-accur
trade-offs and the dual process model of recogn
memory.Journal of Memory and Language,34,1–18.

urdock, B. B. (1982). A theory for the storage and
trieval of item and associative information.Psycholog
ical Review,89, 609–626.

urrell, G. A., & Morton, J. (1974). Word recognition a
morphemic structure.Journal of Experimental Ps
chology,102,963–968.

osofsky, R. M. (1988). Exemplar-based accounts of
tions between classification, recognition, and typi
ity. Journal of Experimental Psychology: Learnin
Memory, and Cognition,14, 700–708.
aaijmakers, J. G. W., & Shiffrin, R. M. (1992). Models for (
f

.

i-

-

recall and recognition.Annual Review of Psycholog
43, 205–234.

atcliff, R. (1990). Connectionist models of recognit
memory: Constraints imposed by learning and for
ting functions.Psychological Review,97, 285–308.

atcliff, R., Clark, S., & Shiffrin, R. M. (1990). Lis
strength effect: I. Data and discussion.Journal of Ex
perimental Psychology: Learning, Memory, and C
nition, 16, 163–178.

atcliff, R., & McKoon, G. (1989). Similarity informatio
versus relational information: Differences in the ti
course of retrieval.Cognitive Psychology,21, 139–
155.

otello, C. M. (in press). Metacognition and memory
nonoccurrence.Memory.

otello, C. M., & Heit, E. (1998). Associative Recognitio
Evidence for recall-to-reject processing. [manusc
submitted for publication]

hiffrin, R. M., & Steyvers, M. (1997). A model for reco
nition memory: REM: Retrieving efficiently from
memory.Psychonomic Bulletin and Review,4, 145–
166.

nodgrass, J. G., & Corwin, J. (1988). Pragmatics of m
suring recognition memory: Applications to deme
and amnesia.Journal of Experimental Psycholog
General,117,34–50.

track, F., & Bless, H. (1994). Memory for nonoccurren
Metacognitive and presuppositional strategies.Journal
of Memory and Language,33, 203–217.

ickelgren, W. A., & Corbett, A. T. (1977). Associati
interference and retrieval dynamics in yes-no re
and recognition.Journal of Experimental Psycholog
Human Learning and Memory,3, 189–202.

Received August 12, 1998)

Revision received October 23, 1998)


	FIG. 1
	OTHER ISSUES
	PREVIOUS RESULTS
	FIG. 2
	TABLE 1
	FIG. 3

	EXPERIMENT 1
	TABLE 2
	FIG. 4
	TABLE 3

	EXPERIMENT 2
	TABLE 4
	FIG. 5
	TABLE 5

	GENERAL DISCUSSION
	REFERENCES

