
Previous studies examining the effects of corrective 
feedback on recognition memory are minimal in number 
and widely scattered across the last 30 years. The near 
absence of a literature on this topic is conspicuous, espe-
cially given the longstanding attention both to uncovering 
the mechanisms of recognition memory (see S. E. Clark, 
1999; Yonelinas, 2002) and to investigating the effects of 
feedback on various cognitive performance measures (see 
Kluger & DeNisi, 1996, for a review), including recall 
(e.g., Bjork, 1994; Pashler, Cepeda, Wixted, & Rohrer, 
2005). The potential informativeness of feedback effects 
for recognition theory and for the development of memory 
training/rehabilitation programs suggests that a detailed 
investigation into the issue is overdue. This article de-
scribes several experiments collectively meant to provide 
groundwork for such an investigation.

In examining the effects of feedback on recognition, 
the present work is concerned with changes in old/new 
discrimination, rather than the learning of responses to 
specific exemplars. Gardner, Sandoval, and Reyes (1986) 
observed a large feedback-based improvement in an old/
new recognition task, but their design included three pre-
sentations of the same test list; thus, feedback most likely 
increased accuracy by teaching participants the correct 
responses to the repeated items, not by enhancing old/
new discrimination per se (see also W. C. Clark & Green-
berg, 1971). Furthermore, the present experiments were 
designed to address the question of whether feedback can 
influence old/new discrimination at test. In some previous 
studies (reviewed below), continuous recognition or mul-

tiple study–test cycles have been employed to assess feed-
back effects, leaving open the question of whether such 
effects arose strictly at test or whether they arose because 
feedback at test influenced subsequent study processing 
(Estes & Maddox, 1995; Han & Dobbins, 2008; Jennings 
& Jacoby, 2003; Rhodes & Jacoby, 2007). In the experi-
ments reported here (and in a few previously published 
studies described below; Titus, 1973; Verde & Rotello, 
2007), a single test list followed a single study list, and 
each test item was presented only once.

From the perspective of signal detection theory (Green 
& Swets, 1966; Parks, 1966), feedback might be expected 
to affect recognition memory test performance by either 
or both of two means: guiding participants to establish a 
more appropriate response criterion and increasing old/
new sensitivity. Feedback would seem most likely to fa-
cilitate criterion placement when base rates of old and 
new items are unequal, a condition not typically included 
in recognition experiments but more common in studies 
of category learning (e.g., Kruschke, 1996). By convey-
ing the correct responses on a trial-by-trial basis, feed-
back should enable participants to tune in to underlying 
probabilities of old and new items and to adjust criterion 
accordingly (Estes & Maddox, 1995; Titus, 1973). The 
impact of feedback on response bias when base rates of 
old and new items are equal has been the subject of more 
recent work (Rhodes & Jacoby, 2007; Verde & Rotello, 
2007), which we review below. Existing models of rec-
ognition include parameters that index response criterion, 
but as Estes and Maddox noted, little progress has been 
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dox proposed that base rates are learned more slowly for 
words than for digits and letters but offered no rationale 
for this account.

Estes and Maddox (1995) obtained only small and mar-
ginally significant positive effects of feedback on sensi-
tivity for digits and letters and no effect on sensitivity for 
words. Note that even if marginal sensitivity effects in the 
Estes and Maddox study represent a true benefit of feed-
back, its locus is ambiguous: Because Estes and Maddox 
used a continuous recognition test, feedback may have in-
fluenced encoding instead of or in addition to recognition 
processes.

Jennings and Jacoby (2003) utilized feedback in a novel 
training procedure for improving recognition test perfor-
mance in elderly participants. The training procedure was 
designed to use trial-by-trial feedback to develop partici-
pants’ ability to reject test-item repetitions at increasing 
lags. Jennings and Jacoby (2003) found dramatic reduc-
tions in false alarms to repeated items by the end of train-
ing. Although a feedback-absent control condition was 
not included in the study, the observed reduction was pre-
sumably due at least in part to the presence of corrective 
feedback. Importantly, however, feedback did not result in 
an improvement in overall recognition accuracy; perfor-
mance was enhanced only in rejection of repeated lures. 
In addition, Jennings and Jacoby (2003) used multiple 
study–test cycles, leaving open the question of whether 
feedback affected study and/or test processes.

Four recent studies have examined the effect of feed-
back on criterion placement in recognition (Han & Dob-
bins, 2008, 2009; Rhodes & Jacoby, 2007; Verde & Ro-
tello, 2007). Rhodes and Jacoby conducted a recognition 
test in which the probability of a probe’s oldness (.67 or 
.33) and its location on the computer screen covaried. 
With trial-by-trial feedback, participants were able to tune 
in to this correspondence and make dynamic trial-by-trial 
response criterion adjustments appropriate to presentation 
location.

Verde and Rotello (2007) divided recognition test trials 
into two blocks: one containing strong items studied at 
long durations (or on multiple occasions) and the other 
containing weak items studied at short durations (or only 
once). Strong items were assumed to produce a more con-
servative response criterion than weak items; therefore, 
participants sensitive to the change in item strength at the 
onset of the second block were expected to adjust crite-
rion accordingly. Verde and Rotello did not manipulate 
the presence of feedback within experiments, but across-
experiment comparisons indicated that the participants 
only made such adjustments with the aid of feedback 
(Experiment 5).

Han and Dobbins (2008) demonstrated that feedback 
can produce dynamic criterion shifting without manipula-
tions of target base rates (Estes & Maddox, 1995;  Rhodes 
& Jacoby, 2007) or target strength (Verde & Rotello, 
2007). These researchers elicited liberal or conservative 
bias shifts across test blocks by giving false positive feed-
back either to false alarms (the lax criterion condition) or 
misses (the conservative criterion condition). Participants 
generally appeared unaware of the inaccuracies in the 

made toward a formal account of how criterion is adjusted 
(see also Whittlesea, 2002a). These models can be refined, 
therefore, by information regarding the effect of feedback 
on response criterion.

Although the present study examined the effects of 
feedback on response criterion, our primary aim was to 
determine whether feedback can enhance sensitivity to the 
differences between old and new items. Unlike a criterion 
shift, which can occur without effecting an improvement 
in accuracy, an increase in sensitivity necessarily entails 
better performance and is thus of central interest in terms 
of the application of feedback to memory training pro-
grams. Theories proposing that consciously controlled 
recall-like retrieval processes can contribute to recogni-
tion judgments (dual-process models; e.g., Jacoby, 1991; 
Mandler, 1980) or theories that emphasize attribution-
making processes in recognition (e.g., Jacoby, Kelley, & 
Dywan, 1989; Johnson, Hashtroudi, & Lindsay, 1993; 
Lindsay, 2008; Whittlesea, 2002b) allow multiple poten-
tial avenues for improvement in recognition sensitivity via 
feedback. As Han and Dobbins (2008) noted, feedback 
might selectively reinforce responses that are based on 
the use of effective retrieval strategies or might sharpen 
participants’ interpretations of their internal responses to 
test items such that they glean from these responses infor-
mation that is diagnostic of oldness or newness (Dodson 
& Johnson, 1993; Gruppuso, Lindsay, & Kelley, 1997; 
Jacoby, Yonelinas, & Jennings, 1997; Jennings & Jacoby, 
1993). Evidence of just such effects of feedback has been 
obtained in tasks manipulating participants’ interpreta-
tions of cognitive fluency (Unkelbach, 2006, 2007) and on 
source-monitoring performance in an eyewitness suggest-
ibility paradigm (Lane, Roussel, Villa, & Morita, 2007). 
Benefits of feedback for sensitivity could also conceiv-
ably arise in single-process models of recognition mem-
ory (e.g., by selectively reinforcing more effective ways of 
encoding test probes).

Previous Research on Feedback and Recognition
In early work on the factors affecting response bias in 

recognition, Titus (1973) gave trial-by-trial feedback dur-
ing recognition of CVC trigrams. Only 20% of the test 
items were old. Feedback significantly increased response 
criterion, but no compelling evidence of an impact on sen-
sitivity was obtained. These results demonstrate the poten-
tial utility of feedback in cases of highly uneven base rates, 
although the use of only 15 old items (each of which was 
viewed six times during study) likely limited the variance 
of the signal distribution relative to that of the noise dis-
tribution, complicating the interpretation of the reported 
computations of sensitivity and bias (Titus, 1973).1

Estes and Maddox (1995) used a continuous recogni-
tion test and manipulated three between-subjects vari-
ables: proportion old (.33 or .67), stimulus type (digits, 
letters, or words), and trial-by-trial accuracy feedback 
(provided or withheld). For digit and letter stimuli, bias 
was more liberal in the .67-old condition and more con-
servative in the .33-old condition for participants re-
ceiving feedback than for controls. Feedback did not, 
however, affect response bias for words. Estes and Mad-
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rized study lists with the aim of increasing confusability 
between studied and nonstudied category exemplars and 
thereby increasing the extent to which recognition memory 
test performance would rely on recollection as opposed 
to familiarity. In Experiment 2, we employed a base-rate 
manipulation akin to that of Estes and Maddox (1995) to 
determine whether participants could strategically regu-
late responses after learning through feedback that most 
items were old (or new). Observing such an effect on bias 
would sharpen the informativeness of a null effect of feed-
back on sensitivity because it would demonstrate that the 
participants were attending to and (in some ways) using 
the feedback and that the experiment had sufficient power 
to detect effects of feedback. In Experiment 3, we imple-
mented a false-memory procedure in which critical test 
items were highly familiar lures; it was hypothesized that 
feedback would teach participants not to respond to these 
items solely on the basis of their familiarity but to engage 
a more controlled process, such as retrieval, to verify their 
study list presence. In Experiment 4, we tested whether 
participants could use feedback to learn a simple category 
rule that distinguished old from new items and to respond 
strategically on the basis of that rule. These manipulations 
were intended to provide stronger tests of feedback effects 
on recognition sensitivity than have been reported in the 
literature to date.

In the present experiments, we also addressed ques-
tions regarding the relationship between feedback and 
response bias with word stimuli. Han and Dobbins (2008, 
2009) provided the only published demonstrations of cri-
terion shifts without manipulations of old/new base rates, 
but only manipulations of the reinforcement (feedback) 
schedule produced these effects. Of the studies in which 
base rates were manipulated, Rhodes and Jacoby (2007) 
and Verde and Rotello (2007) found feedback-based cri-
terion shifts in recognition of words, whereas Estes and 
Maddox (1995) did not. This pattern of findings suggests 
that a base-rate manipulation alone is not a sufficient basis 
for criterion shifting via feedback; rather, the base-rate 
distinction must be made more salient (e.g., via contextual 
cues; Rhodes & Jacoby, 2007), the items themselves must 
possess some readily apparent feature diagnostic of old-
ness (e.g., strength; Verde & Rotello, 2007), or the base 
rates of the feedback itself must be manipulated (Han & 
Dobbins, 2008, 2009). The present experiments provide 
several tests of the potential of complete and accurate 
feedback to influence response bias, without overt con-
textual or featural cues.

Importantly, the present experiments were designed to 
provide unambiguous information as to the locus of any 
sensitivity or bias effects observed. In nearly all published 
studies on feedback and recognition, repeated study–test 
cycles have been employed (Estes & Maddox, 1995; Han 
& Dobbins, 2008; Jennings & Jacoby, 2003; Rhodes & 
Jacoby, 2007), or the studies have lacked a control group 
receiving no feedback (Han & Dobbins, 2009; Jennings & 
Jacoby, 2003; Verde & Rotello, 2007). In each of the pres-
ent experiments, a single test phase followed a single study 
phase (such that sensitivity effects could only accrue at 
test), and to ensure that any effects obtained resulted from 

feedback, leading Han and Dobbins (2008) to conclude 
that feedback, at least under some circumstances, can 
guide implicit learning of adaptive criterion placement. 
Accurate feedback, however, did not affect response bias 
(Han & Dobbins, 2008, Experiment 1), presumably be-
cause the base rates of old and new items did not differ. 
In a follow-up study, Han and Dobbins (2009) demon-
strated that implicitly learned criterion shifts can occur 
when false feedback is given probabilistically instead of 
deterministically (Experiment 1) and when feedback to 
false alarms or misses is omitted (Experiment 2). The lat-
ter finding indicates that feedback need not be false to 
elicit criterion shifts as long as the probability of positive 
feedback is sufficiently weighted in favor of a particular 
response.

Both Verde and Rotello (2007) and Han and Dobbins 
(2008) reported null effects of feedback on recognition 
sensitivity (because no feedback-absent control condition 
was reported in the Han & Dobbins, 2009, or Rhodes & 
Jacoby, 2007, articles, sensitivity effects could not be as-
sessed). In summary, then, these recent results harmonize 
with those of earlier published reports in suggesting that 
recognition sensitivity is not influenced by feedback. Feed-
back appears to enhance recognition performance only 
for repeated test items, for which the knowledge of cor-
rect responses to particular exemplars conveyed through 
feedback may be utilized when those same items reappear 
(Gardner et al., 1986; Jennings & Jacoby, 2003). However, 
with the exception of the small and marginally significant 
positive effects reported in the digit and letter conditions 
of the Estes and Maddox (1995) experiments, the small 
literature to date suggests that feedback fails to enhance a 
generalized sensitivity to the differences between old and 
new items and is thus of little or no benefit to recognition 
accuracy when items are not repeated at test.

The accumulated evidence as to the potential of feed-
back to improve recognition is far from conclusive. From a 
dual-process or attribution-making standpoint, a feedback 
advantage would be most likely under conditions condu-
cive to recollective, inferential, and/or strategic process-
ing at test. By contrast, past studies in this domain have 
used a traditional recognition design in which the study 
list is composed of an essentially miscellaneous assort-
ment of items. In such experiments, the participants have 
little obvious means of organizing members of the study 
set along thematic dimensions or, consequently, of using 
such organization to inform recognition judgments at 
test. Lacking a strategic basis for making judgments, the 
participants may default to a more automatic, familiarity-
 based approach to recognition (see, e.g., Jacoby et al., 
1997). Although past experiments may have been best 
suited to studying the effects of feedback on automatic 
recognition processes, their designs may have precluded 
the strategic components to recognition that are proposed 
to be engaged or improved by feedback.

A more complete understanding of feedback effects in 
recognition requires tests of feedback under conditions 
that promote inferential or recollective test processing. 
The experiments reported in this article were designed 
to provide such tests. In Experiment 1, we used catego-
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an exemplar of tree), as well as long (more than eight letters), or-
thographically unusual, or very low-frequency words. The order of 
items on the study lists was randomized, with adjustments made 
thereafter to ensure that no 2 exemplars of a given category occurred 
in immediate succession. Finally, 6 additional concrete nouns were 
used as primacy and recency buffers during the study phase.

The test list consisted of the 60 studied words randomly inter-
mixed with the 60 nonstudied words, with the constraints that no 
more than 2 words of a given old–new status and no more than a 
single word from a given semantic category occurred in immediate 
succession and that there be approximately equal numbers of old 
and new words and exemplars of each category in each third of the 
test. Blocks of test items were rotated across thirds of the test, such 
that across participants in each condition, each test item appeared 
equally often in each block.

The experiment was conducted with Micro Experimental Labora-
tory (Schneider, 1988).

Procedure. In each of the present experiments, participants were 
tested individually and were randomly assigned to the feedback or 
control condition. The procedure was identical for the two condi-
tions, with the exception of the presence or absence of feedback 
at test. Study instructions informed the participants that each word 
on the study list would be preceded by an instruction as to how that 
word was to be studied: by judging whether the word contained the 
letter “a” (the shallow LOP task) or by judging whether the object 
named by the word would fit in a shoebox. Assignment of items to 
orienting tasks was counterbalanced across participants. The deep 
and shallow LOP study trials were randomly intermixed anew for 
each participant. On each trial, the study instruction appeared on 
the screen for 1 sec before the word appeared, and then both re-
mained on the screen until a response was entered. The participants 
responded by saying “yes” or “no”; responses were keyed in by the 
experimenter. The study items were separated by a blank 1-sec in-
terval. The study and test phases were separated by a 5-min delay 
interval during which the participants wrote down the names of as 
many countries as they could.

Test instructions correctly informed the participants that the test 
consisted of approximately equal numbers of studied and nonstud-
ied words and that the nonstudied words were drawn from the same 
semantic categories as the studied words. In the feedback condition, 
the instructions went on to explain that, for the first two thirds of the 
test, a message would appear on the screen after each recognition 
response indicating whether that item had, in fact, been studied. The 
feedback participants were asked to attend to this message, because 
doing so might improve their performance.

Recognition judgments were collected via a 6-point, confidence-
graded scale (1, sure not studied; 2, probably not studied; 3, maybe 
not studied; 4, maybe studied; 5, probably studied; 6, sure studied ). 
Responses were spoken aloud and keyed in by an experimenter. Test 
items appeared in the center of the screen along with the response 
scale and remained on the screen until a response was entered. In 
the feedback condition, entry of the response triggered immediate 
feedback (the word “Studied” if the test word had been studied or 
the words “Not Studied” if the test word had not been studied) that 
remained in the center of the screen along with the word for 1 sec. 
Only the studied–not-studied decision (not the level of confidence) 
was relevant to the type of feedback received: Any response of 1–3 
to a new item or 4–6 to an old item was counted as correct and given 
positive feedback, and any response of 1–3 to an old item or 4–6 to 
a new item was counted as incorrect and given negative feedback. 
Feedback was followed by a 1-sec blank interval, after which the 
next test trial began. In the control condition, responses were fol-
lowed by a blank screen for 600 msec, an asterisk presented in the 
center of the screen for 800 msec, and an additional blank 600-msec 
interval, after which the next test trial began. Thus, the two condi-
tions contained an equivalent intertrial interval (2,000 msec).

When participants had completed two thirds of the test phase, a 
message appeared on the screen informing them of their progress 
and, for those in the feedback condition, indicating that feedback 

feedback and not other factors (e.g., practice), each ex-
periment included a feedback-absent comparison group.

EXPERIMENT 1

The main purpose of Experiment 1 was to provide a test of 
feedback effects in old/new recognition when the nature of 
the study set encouraged a recollective strategy at test. Par-
ticipants studied words from 10 semantic categories (e.g., 
birds) and then took a standard recognition test in which 
the studied words were intermixed with new words from 
the same categories. The participants were given either cor-
rective feedback after each response (for the first two thirds 
of the test) or no feedback. Lures were expected to elicit a 
sense of familiarity because of their categorical association 
with multiple studied items; it was hypothesized that nega-
tive feedback in response to familiarity- driven false alarms 
would train the participants to adopt a more deliberate ap-
proach to making recognition judgments (e.g., searching 
memory for evidence that an individual test item, and not 
others of its category, had been studied).

A second goal was to address Estes and Maddox’s (1995) 
finding of small increases in recognition sensitivity with 
feedback when the stimuli were digits and letters but no 
effect when the stimuli were words. The relatively poor 
performance in the digit and letter conditions against the 
high level of performance in the word condition (see above) 
raises the question of whether feedback can benefit recog-
nition only when overall levels of accuracy are low (a point 
also raised by Han & Dobbins, 2008). Perhaps the difficulty 
of the digit and letter conditions in the Estes and Maddox 
experiments led the participants in the no-feedback con-
dition to respond haphazardly, whereas those receiving 
feedback put more effort into making their recognition 
judgments. Conversely, the high level of performance in 
the word condition may indicate that these participants did 
not need to pay attention to the feedback (and in any case, 
there was little room for improvement). Whereas Rhodes 
and Jacoby (2007) and Verde and Rotello (2007) recently 
reported performance levels near those of the digit and let-
ter conditions of the Estes and Maddox experiments and did 
not observe a benefit of feedback to sensitivity, they did not 
directly manipulate discriminability or cross feedback and 
discriminability manipulations within a single experiment. 
In Experiment 1, we did so by having the participants study 
half of the items at a deep level of processing (LOP) and 
half at a shallow LOP (Craik & Lockhart, 1972).

Method
Participants. In each of the present experiments, the partici-

pants were University of Victoria undergraduates volunteering in 
exchange for bonus credit in an introductory psychology course. 
There were 46 participants in Experiment 1. The participants were 
evenly divided between the feedback and control conditions.

Materials. Two versions of the study list were created, each con-
sisting of six words from each of 10 semantic categories (e.g., trees, 
birds). Twelve exemplars from each of 10 categories of concrete 
nouns were selected from the Battig and Montague (1969) norms. 
In general, the 12 most frequent exemplars of each category were 
selected, excluding words whose dominant meaning was inconsis-
tent with the corresponding category (e.g., cherry was not used as 
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for old items than for new items [F(4,176)  3.781, 
MSe  0.013, p  .01, 2

p  .079], but this tendency 
did not further interact with feedback ( p  .26). The 
main effect of feedback was also nonsignificant ( p  
.67), suggesting that the feedback and control groups 
displayed similar response bias.

We measured old/new recognition discrimination by 
calculating Az. This index is derived from the receiver op-
erating characteristic (ROC), a plot of pairs of hit and false 
alarm rates as a function of the confidence with which 
those judgments were made. The area under the best-
 fitting curve connecting these points (Az) indexes sensitiv-
ity, typically ranging between .5 (chance discrimination) 
and 1 (perfect discrimination). Az is a well-supported es-
timate of sensitivity (Verde, Macmillan, & Rotello, 2006) 
and has recent precedent in work on feedback and recog-
nition (Han & Dobbins, 2008; Verde & Rotello, 2007). 
Az values were calculated using the Web-based program 
JROCFIT (Eng, n.d.).

Response bias was indexed using the ROC-based ca 
measure (Macmillan & Creelman, 2005). Estimates of the 
response criterion at each level of confidence on the ROC 
were calculated using the Web-based RscorePlus program 
(Harvey, 2005). Negative values of ca indicate a liberal re-
sponse bias, whereas positive values reflect a conservative 
bias. For each of the present experiments, a 5 (ROC confi-
dence level)  2 (feedback) ANOVA assessed the overall 
effects of feedback on the response criterion, as well as 
changes in the magnitude of these effects across criterial 
confidence levels. In each experiment, criterion estimates 
rose as a function of rising confidence levels (all ps  
.001), an expected property of ca that we will not mention 
in discussing the results of the individual experiments. 

information would not be presented during the final third of the test. 
In this portion of the test phase, the procedure of the control condi-
tion was adopted for both feedback and control groups.

Results and Discussion
The recognition ratings data were converted to hits 

and false alarms by scoring responses of 4, 5, or 6 as 
hits for studied items and as false alarms for nonstudied 
items. To uncover any trends in the effects of feedback 
over the course of the test phase, hit and false alarm rates 
were analyzed by test block and are displayed as such in 
Figure 1.2 These data were submitted to a 3 (study status: 
deep encoding, shallow encoding, or no encoding [new 
items])  3 (test block: 1, 2, or 3)  2 (feedback: present 
or absent) mixed-factor ANOVA. In this and subsequent 
analyses of hit and false alarm rates, a main effect of 
feedback may be taken to reflect a change in response 
bias (e.g., an increase in both hits and false alarms), 
whereas a study status  feedback interaction indexes a 
change in performance (i.e., a greater difference between 
hit rates and false alarm rates in the feedback condition 
than in the control condition or vice versa). In Experi-
ment 1, the expected effect of study status was signifi-
cant [F(2,88)  662, MSe  0.023, p  .001, 2

p  .938]; 
however, there was no evidence of a study status  feed-
back interaction ( p  .33), indicating that the feedback 
and control groups performed similarly, regardless of 
the level at which items were encoded. The trend for 
performance to worsen across blocks was significant 
[F(2,88)  8.885, MSe  0.020, p  .001, 2

p  .168], 
but this trend did not interact with feedback ( p  .35). A 
significant study status  block interaction reflected the 
tendency for performance to decline more across blocks 

Experiment 1: Levels of Processing
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Figure 1. Mean proportion of old responses (4, 5, or 6 on the response scale) as a function 
of depth of processing and test block in Experiment 1. Error bars represent one standard 
error of the mean.
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EXPERIMENT 2

Experiment 1 provided no indication of feedback ef-
fects on either sensitivity or response bias. Experiment 2 
was focused on the question of whether feedback can pro-
duce strategic biases in recognition of words without any 
manipulation beyond that of old item base rates (see the 
introduction). Following Estes and Maddox (1995), the 
test contained either mostly old or mostly new items, and 
the participants were not informed of the base-rate dispar-
ity a priori. Categorized study lists were not used. Unlike 
the Estes and Maddox study, Experiment 2 consisted of a 
single study list followed by a single test list. To increase 
the salience of the base-rate manipulation, the proportion 
of old items was changed from .67 (or .33) in the Estes and 
Maddox study to .75 (or .25) in the present experiment.

In addition to testing the Estes and Maddox (1995) 
findings, this design addressed the possibility that the 
null effects in Experiment 1 resulted from inattention to 
the feedback. If feedback affected response criterion, we 
could be confident that the participants were, in fact, at-
tending to and using feedback but had simply not derived 
a benefit from such processing in Experiment 1. Evidence 
that the participants could make use of feedback would 
allow a clearer interpretation of its effect (or lack thereof) 
on sensitivity.

In Experiment 2, we also introduced design modifica-
tions intended to increase the potential utility of feedback 
for old/new discrimination. The length of the test was ex-
tended to 240 trials (from 120 in Experiment 1), and feed-
back was delivered throughout test (as opposed to only the 

Greenhouse–Geisser correction was used for violations of 
sphericity, which were common across confidence levels 
in the ca data.

The mean Az and ca values for the feedback and control 
conditions of Experiments 1–4 are presented in Table 1. 
In Experiment 1, Az was directionally but nonsignificantly 
lower in the feedback condition than in the control condi-
tion, providing no indication of any benefit of feedback 
( p  .33). The analysis of ca estimates revealed a marginal 
confidence level  feedback interaction that reflected the 
trend for participants receiving feedback to establish a 
more conservative criterion than the controls at the lowest 
confidence level, a more liberal criterion than controls at 
the highest confidence level, and approximately the same 
criterion as the controls at intermediate confidence levels 
[F(1.179, 51.868)  3.140, MSe  0.440, p  .08, 2

p  
.067]. There was no main effect of feedback ( p  .91), 
however, indicating that bias was generally unaffected by 
feedback.

The results of Experiment 1 were straightforward: Feed-
back exerted no discernible effect on sensitivity or response 
bias, even though the categorized nature of the study list 
was expected to elicit improved recollective test processing 
through feedback. This null effect was observed regardless 
of whether the overall level of sensitivity was high (deep 
LOP condition) or lower (shallow LOP condition). These 
findings suggest that the failure of feedback to increase 
sensitivity in the word condition of the Estes and Mad-
dox (1995) study was not the result of ceiling-level perfor-
mance. Rather, these results suggest that feedback simply 
does not influence recognition sensitivity.

Table 1 
Mean Sensitivity (Az) and Response Criterion (ca) Values for the  

Feedback and Control Groups in Experiments 1–4

Response Criterion

Az c1 c2 c3 c4 c5

Condition  M  SE  M  SE  M  SE  M  SE  M  SE  M  SE

Experiment 1

Feedback 0.81 0.01 0.64 0.16 0.19 0.07 0.05 0.05 0.32 0.05 0.63 0.08
Control 0.84 0.02 0.89 0.12 0.24 0.06 0.04 0.06 0.40 0.06 0.89 0.08

Experiment 2
.75-old
 Feedback 0.88 0.01 1.15 0.17 0.80 0.13 0.34 0.04 0.00 0.08 0.21 0.12
 Control 0.91 0.01 1.18 0.17 0.59 0.09 0.18 0.06 0.21 0.08 0.51 0.12
.25-old
 Feedback 0.85 0.02 0.71 0.20 0.32 0.11 0.11 0.04 0.46 0.08 0.73 0.14
 Control 0.88 0.01 1.36 0.18 0.69 0.13 0.21 0.08 0.19 0.09 0.66 0.11

Experiment 3

Feedback 0.89 0.02 0.84 0.14 0.26 0.09 0.22 0.04 0.60 0.06 0.95 0.09
Control 0.91 0.01 0.83 0.11 0.20 0.08 0.12 0.06 0.45 0.06 0.79 0.06

Experiment 4
CRR
 Feedback 0.78 0.02 1.12 0.17 0.53 0.13 0.03 0.05 0.36 0.07 0.87 0.14
 Control 0.81 0.02 1.21 0.15 0.43 0.10 0.08 0.08 0.55 0.08 0.99 0.09
SR
 Feedback 0.72 0.02 1.22 0.20 0.60 0.19 0.02 0.06 0.45 0.10 0.86 0.13
 Control 0.74 0.02 1.07 0.16 0.42 0.11 0.05 0.10 0.43 0.09 0.79 0.10

Note—Values at c1–c5 represent response criterion at each level of confidence drawn from the ROC curve. Negative 
(positive) values indicate a liberal (conservative) response criterion. For Experiment 3, the results displayed are for #2–#5 
exemplars only (all #1 exemplars were new). CRR, category-rule recognition; SR, simple recognition.
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Second, the message was accompanied by a high tone for correct 
responses and a low tone for incorrect responses. Third, the feedback 
remained on the screen until participants initiated the next trial. Test 
instructions in the feedback condition encouraged participants to 
“observe and consider the feedback for as long as may be useful 
before continuing.” The next trial then began after a 1-sec interval 
during which only the scale remained on the screen. The control con-
dition was identical to the feedback condition, except that responses 
were followed only by the instruction to press a key when ready to 
continue. Fourth, as was noted above, there were twice as many test 
trials (240) as in Experiment 1.

Finally, to help motivate consistent effort throughout the test 
phase, participants in both the feedback condition and the control 
condition were issued a performance-based score after every 60 tri-
als. Scores began at 0; each correct response added 1 point, and each 
incorrect response subtracted 1 point. Participants were informed of 
the scoring system via the test instructions. Quarterly score displays 
provided benchmarks to be surpassed in the succeeding test block 
and served as rest breaks between blocks.

Results and Discussion
Mean hit and false alarm rates are displayed in Figure 2; 

results from the .75-old and .25-old conditions appear in 
the top and bottom panels, respectively. A 2 (study status: 
old or new)  4 (test block: 1, 2, 3, or 4)  2 (feedback: 
present or absent)  2 (proportion old: .75 or .25) mixed-
factor ANOVA revealed that old items were recognized 
more often than new items [F(1,67)  1,243, MSe  
0.042, p  .001, 2

p  .949]. Performance tended to de-
cline across the test, as indexed by a significant study sta-
tus  block interaction [F(3,201)  8.469, MSe  0.007, 
p  .001, 2

p  .112]; a marginal study status  block  
proportion old interaction reflected the tendency for this 
decline to be greater in the .25-old condition [F(3,201)  
2.431, MSe  0.007, p  .07, 2

p  .035]. A nonsignifi-
cant study status  feedback interaction indicated that the 
difference between hit and false alarm rates did not vary 
between the feedback and control conditions ( p  .69). 
Feedback did not interact with block ( p  .30), although 
the study status  block  feedback interaction was sig-
nificant [F(3,201)  2.736, MSe  0.007, p  .05, 2

p  
.039], reflecting the trend for the performance of controls 
to decline across blocks more than that of the feedback 
group. Follow-up analyses revealed a tendency for the 
performance of the control group to worsen to a greater 
extent than the performance of the feedback group on new 
items [F(3,207)  2.427, MSe  0.011, p  .07, 2

p  
.035], but not on old items ( p  .43). The fact that false 
alarm rates rose across blocks in the control condition but 
not the feedback condition suggests that feedback might 
have helped the participants avoid false alarms as the test 
progressed. We are wary of putting stock in such an inter-
pretation, however, because the difference between condi-
tions was small in magnitude and was nonexistent when 
collapsed across blocks.

As is evident from inspection of Figure 2, feedback did 
have a marked impact on response bias: The proportion 
of old responses was higher for the participants receiv-
ing feedback than for the controls in the .75-old condition 
and lower for the participants receiving feedback than for 
the controls in the .25-old condition. There was a near-
 significant tendency toward a main effect of feedback 

first two thirds of the test). These measures were taken to 
increase the likelihood that effects of feedback on perfor-
mance had sufficient time to accrue. In addition, the feed-
back itself was augmented to become more informative 
and more salient. Whereas in Experiment 1 the feedback 
simply consisted of the words “Studied” or “Not Studied,” 
test responses in Experiment 2 were followed by a message 
conveying the nature of the error or correct response (e.g., 
“No, wrong, that item was NOT on the study list!” follow-
ing a false alarm) accompanied by a tone that differed for 
correct and incorrect responses. More minor modifications 
for Experiment 2 are described in the Method section.

Finally, in this and each subsequent experiment in the 
article, we report reaction time (RT) differences between 
the feedback and control conditions (RT data were not 
available in Experiment 1 because responses were entered 
by the experimenter). Although the focus of the present 
work was on feedback effects on sensitivity and response 
bias, RTs may also reveal an influence of feedback on rec-
ognition processing. For example, even if feedback does 
not result in increased accuracy, it might enable the par-
ticipants to become more efficient at weighing decision 
evidence, an alternative form of improvement that would 
be revealed in decreased RTs relative to controls (a pos-
sibility not examined in prior publications on effects of 
feedback on recognition). By contrast, slower RTs in the 
feedback condition might result if the prospect of feed-
back causes participants to more carefully consider their 
judgments before responding.

Method
Participants. There were 72 participants in Experiment 2. The 

data of 1 participant performing near chance on the recognition test 
were removed from subsequent analyses, leaving 18 participants in 
the .75-old/feedback, .75-old/control, and .25-old/feedback condi-
tions and 17 participants in the .25-old/control condition.

Materials. The stimuli were 360 four- to eight-letter English 
nouns of medium frequency selected from the MRC psycholinguistic 
database (Coltheart, 1981). Study lists were composed of 180 words 
selected randomly and without replacement from the pool of 360. A 
unique study list was constructed for each participant. Three primacy 
and three recency buffers were included in the study phase. The buf-
fers consisted of words not included in the pool of 360 but adhering to 
the same specifications. Test lists were composed of the 180 studied 
items plus 60 randomly selected nonstudied items (.75-old condition) 
or the 180 nonstudied items plus 60 randomly selected items from the 
study list (.25-old condition), producing a 240-item test. The stimuli 
appeared in the center of a computer screen in black lettering against 
a white background. The experiment was conducted with DMDX 
experimental software (Forster & Forster, 2003).

Procedure. Participants were informed that they would study a 
series of words for a later memory test. Each study word was pre-
sented for 1 sec, followed by a blank 1-sec interval and a prompt to 
indicate whether the preceding word had been concrete or abstract. 
The participants registered a concrete or abstract judgment by hit-
ting the “1” or “2” key, respectively. This selection triggered another 
1-sec pause, after which the next trial began. A total of 180 trials plus 
three primacy and three recency buffers composed the study list.

The test phase was very similar to that of Experiment 1, with the 
following exceptions. First, participants in the feedback condition 
received one of four messages, depending on whether the preceding 
response had been a hit, false alarm, correct rejection, or miss (e.g., 
“Yes, correct, that item WAS on the study list!” for a hit or “No, 
wrong, that item was NOT on the study list!” for a false alarm). 
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indicated that the proportion of old responses was signifi-
cantly higher in the feedback condition [F(1,34)  4.250, 
MSe  0.033, p  .05, 2

p  .111], despite the fact that 
effect was weak for old items. A similar ANOVA on the 
.25-old condition revealed a significant reduction in old 
responses with feedback [F(1,33)  18.8, MSe  0.042, 
p  .001, 2

p  .363]. The only other significant inter-
action was block  proportion old [F(3,201)  2.795, 
MSe  0.010, p  .05, 2

p  .040], indexing the trend 
for bias to grow more conservative across blocks in the 
.25-old condition but to increase slightly in the .75-old 
condition.

[F(1,67)  3.658, MSe  0.037, p  .06, 2
p  .052], most 

likely because the biasing effect of feedback was stron-
ger in the .25-old condition, leaving the feedback par-
ticipants with lower hit and false alarm rates on balance. 
The main effect of proportion old was reliable [F(1,67)  
10.6, MSe  0.037, p  .01, 2

p  .137], driven largely 
by greatly reduced old responses in the .25-old feedback 
condition relative to the .75-old feedback condition. A sig-
nificant feedback  proportion old interaction [F(1,67)  
21.4, MSe  0.037, p  .001, 2

p  .242] corroborates this 
interpretation and captures the effect of feedback on re-
sponse bias. A separate ANOVA on the .75-old condition 
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Experiment 2: 25% Old
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Figure 2. Mean proportion of old responses in the .75-old condition (top panel) and the 
.25-old condition (bottom panel) in Experiment 2. Error bars represent one standard error 
of the mean.
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450,537, p  .05, 2
p  .061]. Apparently, feedback elic-

ited faster responding from participants, particularly 
on new items, but reduced recognition sensitivity. The 
reasons for these trends are unclear, but they discour-
age characterization of the RT advantage in the feedback 
condition as an improvement to processing.

In summary, the results of Experiment 2 demonstrate 
that feedback can affect response criterion in recognition 
under uneven base-rate conditions alone. As was noted 
above, the effect of feedback was weak for old items in 
the .75-old condition (see Figure 2). One possible reason 
is that bias was generally liberal, as was evidenced es-
pecially by generally liberal values of ca for controls in 
both proportion-old conditions; perhaps feedback could 
not push hit rates much higher than the level exhibited by 
controls. Nonetheless, the bias shift with feedback was 
significant in both proportion-old conditions and in each 
case was in the direction expected if participants used 
feedback to gain knowledge of underlying base rates and 
respond accordingly.

These results are consistent with those of Titus (1973) 
and the digit and letter conditions of Estes and Maddox 
(1995) but are in contrast to the findings in the word con-
dition of the latter study. Although the reason for this dis-
parity is not obvious, the strengthening of the base-rate 
manipulation from .67-/.33-old in the Estes and Maddox 
experiments to .75-/.25-old in Experiment 2 is likely a 
factor. In addition, as was noted above, d  values were 
generally very high in the word condition of the Estes 
and Maddox experiments, raising the possibility that the 
participants in this condition did not need to attend to or 
make use of the feedback (i.e., if feedback almost always 
tells the participants that they are correct, they have no 
reason to change their response criterion). By demonstrat-
ing that feedback can affect bias in recognition of words 
without manipulations of the stimuli (Rhodes & Jacoby, 
2007; Verde & Rotello, 2007) or uneven administration 
of feedback (Han & Dobbins, 2008, 2009), the present 
findings join those of recently published studies in delin-
eating the circumstances under which feedback is used by 
participants to modulate response bias. Crucially, despite 
this evidence that the participants attended to and used 
feedback, there was no evidence that doing so enhanced 
recognition sensitivity.

EXPERIMENT 3

In Experiment 3, we tested for an effect of feedback on 
recognition sensitivity with stimuli designed to elicit re-
sponses on the basis of false familiarity. Experiment 3 was 
designed such that certain items triggering extremely high 
levels of familiarity were uniformly new, with the hypoth-
esis that this relationship between subjective experience 
and objective response would be learned by feedback.

In Experiment 3, we adapted a variant of the Deese/
Roediger–McDermott (DRM) false-memory paradigm 
(Deese, 1959; Read, 1996; Roediger & McDermott, 1995) 
previously used to elicit illusory recollection of foils cat-
egorically associated with studied words (Seamon, Luo, 

Values of Az were again lower in the feedback condi-
tion than in the control condition, but in this experiment 
the difference was statistically significant [t(69)  2.395, 
p  .05]. Values of ca were significantly lower for the 
feedback participants than for the controls in the .75-old 
condition [F(1,34)  4.920, MSe  0.262, p  .05, 2

p  
.126], indicating that feedback increased bias toward giv-
ing an old response in this condition. In the .25-old con-
dition, values of ca were higher for the feedback group 
than for the controls, a significant difference [F(1,33)  
10.4, MSe  0.481, p  .01, 2

p  .240]. There were no 
interactions with confidence level (both ps  .20). These 
measures are consonant with those of the hit and false 
alarm data in suggesting that feedback exerted a strong 
influence on response bias but a negative influence, if any, 
on sensitivity.

The mean RTs in the feedback and control conditions 
of Experiments 2–4 are displayed in Table 2. All RT data 
in the article were drawn from nonspeeded responses and 
were trimmed to reduce the influence of outliers. The lon-
gest 0.5% of RTs and those under 200 msec were removed 
prior to analysis. RTs from error trials were also removed. 
RTs in each experiment were submitted to an ANOVA 
containing the same factors used to analyze the hit and 
false alarm data.

In Experiment 2, participants responded more quickly 
to old words than to new words [F(1,67)  38.1, MSe  
450,537, p  .001, 2

p  .363], but this difference was 
significantly greater in the .75-old condition than in the 
.25-old condition [F(1,67)  21.3, MSe  450,537, p  
.001, 2

p  .241]. Response speed increased across test 
blocks [F(3,201)  55.2, MSe  128,569, p  .001, 2

p  
.452]; this increase was greater for new items than for 
old items [F(3,201)  9.180, MSe  78,250, p  .001, 

2
p  .121]. Participants receiving feedback responded 

nearly 300 msec faster than controls, a significant differ-
ence [F(1,67)  4.436, MSe  2,445,307, p  .05, 2

p  
.061]. This trend showed a nonsignificant tendency to de-
crease across blocks [F(3,201)  2.191, MSe  128,659, 
p  .09, 2

p  .032] and was significantly greater for 
new items than for old items [F(1,67)  4.344, MSe  

Table 2 
Mean Reaction Times (in Milliseconds) for the Feedback  

and Control Groups in Each of the Conditions  
of Experiments 2, 3, and 4

Feedback Control

Condition  M  SE  M  SE

Experiment 2
.75-old 1,621  98 1,859 140
.25-old 1,916 175 2,246  84

Experiment 3
Critical #1 lures 1,302 139 1,388 110
Noncritical #1 lures 1,189 162 1,236 137
#2–#5 exemplars 969  75 1,004  63

Experiment 4
Category-rule recognition 1,754 108 2,323 134
Simple categorization 2,231 227 2,201 162
Simple recognition  1,932  123  1,879  151
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study set twice, the feedback advantage was most likely 
driven by the learning of correct responses to particular 
stimuli, rather than an enhanced ability to avoid false rec-
ollection in general.

Jou and Foreman (2007) obtained evidence of just such 
enhancement in both recall and recognition of DRM lists. 
In the recognition version of their design (Jou & Foreman, 
2007, Experiment 1), participants received a standard 
warning as to the nature of the lists and the need to avoid 
false recognition of critical nonpresented items, and, criti-
cally, some were given negative feedback whenever they 
called such an item “old.” Although even participants in a 
warning-only condition showed marked improvement in 
rejecting critical lures over the course of the experiment 
(relative to an unwarned control group), feedback yielded 
a significant additional benefit. Because no lists were re-
peated across study–test cycles, Jou and Foreman were 
able to infer that feedback-based training had increased a 
general sensitivity to critical lures.

Jou and Foreman’s (2007) findings do not necessarily 
indicate that feedback will successfully lower false alarm 
rates to #1 lures in the present experiment. First, these 
researchers used a repeated study–test procedure. Given 
that the feedback conditions of their experiments included 
a warning, the benefit of feedback that they observed may 
have been driven in part by its contribution to processing 
occurring at study (e.g., generation and tagging of likely 
critical items during study to facilitate rejection at test; 
see Gallo, Roediger, & McDermott, 2001). Whether par-
ticipants can use feedback to learn to reject critical lures 
when the appearance of such lures is not explicitly fore-
told and learning from feedback can only accrue at test is 
an open question.

We predicted that in the absence of an explicit warning 
and without repeated study–test cycles, feedback would 
enable participants to learn that the strong feelings of fa-
miliarity evoked by #1 lures should not be taken as evi-
dence of oldness. Although feedback was given on every 
trial, we expected negative feedback following false 
alarms to critical lures to be particularly salient: In the 
present design, every single time a participant endorsed 
a #1 exemplar (e.g., bird: robin; metal: gold ), he or she 
was told, “No, that word was not on the study list.” We 
expected that this feedback would lead the participants to 
become more cautious about endorsing highly category-
prototypical exemplars, leading to the use of recollection 
to verify their study list presence and reducing the false-
memory effect. Such a finding would demonstrate one 
respect in which feedback can be used to improve recogni-
tion accuracy at test.

Method
Participants. There were 43 participants in Experiment 3. 

Twenty-one were in the feedback condition, and 22 were in the con-
trol condition.

Materials. The stimuli were taken from 51 Battig and Montague 
(1969) categories, with some adjustments made after norming in our 
lab to ensure the appropriateness of their use with a Canadian un-
dergraduate population.3 The study set consisted of the #2–5 (non-
critical) exemplars from 40 of these categories. The study categories 

Schlegel, Greene, & Goldenberg, 2000; Smith, Ward, Tin-
dell, Sifonis, & Wilkenfeld, 2000). Participants studied 
the second through fifth most common (#2–#5) exemplars 
of various semantic categories. The test list included these 
studied items plus the #2–#5 exemplars from nonstud-
ied categories. Critically, the test also included the most 
common (#1) category exemplars from each studied and 
nonstudied category. This design is well known to pro-
duce high false alarm rates to #1 exemplars from stud-
ied categories (e.g., Seamon et al., 2000). The motivating 
hypothesis of Experiment 3 was that corrective feedback 
at test would reduce such false alarm rates by teaching 
the participants that the compelling sense of familiarity 
evoked by #1 exemplars was diagnostic of newness rather 
than oldness (cf. Unkelbach, 2006).

Past researchers attempting to attenuate false recogni-
tion of critical lures in the DRM paradigm have often em-
ployed warnings as to the nature of DRM study lists (see 
Starns, Lane, Alonzo, & Roussel, 2007, and Westerberg & 
Marsolek, 2006, for reviews). These warnings state explic-
itly what participants might be expected to learn through 
feedback in the present design: that the memory test con-
tains nonstudied items that are highly associated with a 
corresponding group of studied items and that special care 
should be taken to avoid calling such items “old.” Although 
substantial false alarm rates generally persist following 
warnings, they are usually significantly lower than those of 
unwarned controls (e.g., Gallo, Roberts, & Seamon, 1997; 
McDermott & Roediger, 1998). Although some evidence 
indicates that the warning must be delivered before encod-
ing of the study lists for a reduction in false alarms to occur 
(e.g., Anastasi, Rhodes, & Burns, 2000; Neuschatz, Payne, 
Lampinen, & Toglia, 2001), other evidence suggests that a 
warning delivered between study and test can have a ben-
eficial effect as well (e.g., Lane, Roussel, Starns, Villa, & 
Alonzo, 2008; McCabe & Smith, 2002; Starns et al., 2007). 
If, as the latter finding suggests, participants benefit from 
insight into the test design without having such knowledge 
at study, the use of this information, and the consequent 
decrease in critical false alarms, must be achievable via 
processes operating at test. Although feedback does not 
reveal the nature of the test design as explicitly as a warn-
ing does, it should yield a similar insight by repeatedly 
discouraging old responses to #1 lures and should thereby 
reduce such false alarms.

To our knowledge, published investigations into the ef-
fects of feedback in a DRM paradigm are limited to two 
recent studies. McConnell and Hunt (2007) tested free re-
call of DRM lists and gave feedback by rereading the lists 
as participants corrected their test forms; a second test on 
the same lists was given 2 days later. The feedback group 
repeated critical errors from the first test at a consider-
ably lower rate than controls (surprisingly, however, this 
advantage was partially offset by a tendency for feedback 
participants to commit more new critical errors than con-
trols during the second test). These results highlight the 
potential of feedback to draw attention to false recollec-
tion of nonpresented list prototypes (at least in a free recall 
task), but because McConnell and Hunt tested the same 
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2
p  .065], reflecting a tendency for old responses to rise 

slightly from Block 1 to Block 3. Block did not interact 
with feedback ( p  .32).

As in Experiment 2, an ANOVA on RTs to the #2–#5 
exemplars showed that old words elicited faster responses 
than new words [F(1,41)  17.9, MSe  80,754, p  
.001, 2

p  .304] and that response speed increased across 
blocks [F(3,123)  17.2, MSe  106,537, p  .001, 2

p  
.295]. Unlike in Experiment 2, however, there was no 
main effect of feedback on RTs ( p  .72). Feedback did 
interact with block [F(3,123)  4.435, MSe  106,537, 
p  .01, 2

p  .098]; although both the feedback group 
and the control group increased response speed across 
blocks, the controls did so to a greater extent, reversing 
an initial speed disadvantage during the second half of 
the test. This interaction is consistent with the possibility 
that feedback encouraged the participants to maintain a 
greater amount of care in their recognition judgments as 
the test progressed (if this was the case, however, such 
care did not result in increased sensitivity). Note that the 
mandatory response delay imposed on the participants 
may have obscured potential differences between the 
feedback and control groups on this measure; thus, the 
RT results from the present experiment should be inter-
preted with caution.

An ANOVA on the #1 lures indicated that those from 
studied categories received a far higher proportion of 
false alarms than those from nonstudied categories, rep-
licating the classic DRM false-memory effect [F(1,41)  
43.2, MSe  0.047, p  .001, 2

p  .513]. Contrary to our 
prediction, however, the magnitude of the DRM effect did 
not interact with feedback ( p  .58). The rates of false 
alarms to critical lures from studied categories did not 
differ between the feedback and control groups (Ms  
.30 and .31, respectively; p  .86). Although mean false 
alarm rates to #1 lures from nonstudied categories appear 
from Figure 3 to be substantially reduced in the third and 
fourth blocks for the participants receiving feedback, this 
difference is largely an artifact of high variability due to 
the small number of such items in each block. There were 
no significant differences between the feedback and con-
trol conditions on noncritical #1 lures, and even the direc-
tional differences were greatly reduced when recognition 
ratings—not false alarms—were used as the dependent 
measure. Since all of these critical items were new on the 
test list, there was no basis for calculation of sensitivity 
or bias.

Participants responded more slowly to critical than to 
noncritical #1 lures [F(1,41)  4.127, MSe  481,015, p  
.05, 2

p = .091]. Response speed to these items generally 
increased significantly across blocks [F(2.174, 89.151)  
5.585, MSe  540,421, p  .01, 2

p  .120, Greenhouse–
Geisser corrected], with critical #1 lures eliciting a mar-
ginally greater increase in speed than noncritical #1 lures 
[F(2.323, 95.235)  2.621, MSe  279,282, p  .07, 2

p  
.060, Greenhouse–Geisser corrected]. Feedback did not 
cause the participants to take more time with judgments 
than the controls ( p  .75). This null effect held for both 
critical and noncritical lures when analyzed separately 

were randomly selected for each participant. The test list consisted 
of 97 randomly selected members of the study set, the 44 #2–#5 ex-
emplars from the 11 nonstudied categories, the (noncritical) #1 ex-
emplar from each of the nonstudied categories, and the (critical) #1 
exemplar from each of the 40 studied categories, randomly inter-
mixed. In total, the test list contained 97 old items and 95 new items. 
The experiment was conducted using E-Prime software (Psychology 
Software Tools, www.pstnet.com).

Procedure. Participants were tested individually and were ran-
domly assigned to the feedback or control conditions. The study 
items and their corresponding category labels (e.g., “[unit of dis-
tance] inch”) appeared one at a time in the center of the computer 
screen. Participants were instructed to read each word aloud and to 
think about its meaning with respect to the category label. The pre-
sentation of items occurred in 40 blocks according to category mem-
bership: Each block contained the four members of a given category, 
presented in descending order of exemplar frequency, followed by a 
new block containing the four members of the next category. Block 
presentation order was randomized for each participant. Each item 
and category label was presented for 1.5 sec, and a 1-sec blank in-
terval separated the items.

During the test phase, each word was presented without its cate-
gory label. A mandatory interval was imposed whereby no response 
could be given for 2 sec following stimulus onset. This delay was 
intended to encourage the participants to take the time to engage in 
controlled processing of each probe rather than summarily endors-
ing each item (including critical lures) that passed a criterial level 
of familiarity. Participants were advised that they need not respond 
immediately after the 2 sec had passed but that they were required 
to wait at least that amount of time before their response could be 
entered. The instructions urged the participants to use this delay to 
“give careful thought to whether or not the word in front of you was 
part of the study list.” A tone sounded when 2 sec had elapsed. The 
test probes remained on the screen until a response was given.

Participants responded using the same scale as in Experiments 1 
and 2. The feedback was identical to that of Experiment 2, with the 
exceptions that the message was changed to include the item from 
the current test trial (e.g., “Yes, [item] WAS on the study list!”) 
and that the sounds that accompanied the message were changed 
to a voice saying “excellent” for correct responses and a buzzer for 
incorrect responses. Quarterly scores were no longer provided in 
either the feedback or the control condition. Otherwise, the control 
condition procedure did not differ from that of Experiment 2. A total 
of 192 trials composed the test list.

Results and Discussion
Although the comparison of primary interest in Ex-

periment 3 is that of feedback versus control group false 
alarm rates to critical (#1) lures, we first report the results 
from the noncritical #2–#5 exemplars. Both sets of data 
are displayed by test block in Figure 3. Consistent with 
Experiments 1 and 2, a 2 (study status)  4 (block)  
2 (feedback) ANOVA revealed a significant main effect of 
study status, with old words recognized more often than 
new words [F(1,41)  889, MSe  0.045, p  .001, 2

p  
.956] but no study status  feedback interaction ( p  .60), 
indicating that feedback failed to increase old/new dis-
crimination. The main effect of feedback was also nonsig-
nificant ( p  .22), suggesting that feedback had no effect 
on response bias. Consistent with these outcomes, neither 
Az nor ca differed significantly between the feedback and 
control groups ( ps  .27 and .36, respectively). Analysis 
of ca estimates revealed no interaction of feedback and 
confidence level ( p  .53). The main effect of test block 
was significant [F(3,123)  2.827, MSe  0.009, p  .05, 
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EXPERIMENT 4

Experiment 4 was designed to provide the most favor-
able conditions yet for a feedback advantage in recogni-
tion. Although subjective responses to stimuli were to 
serve as the basis for improvement through feedback in 
Experiment 3, in Experiment 4 we created a scenario in 
which an objective, readily observable stimulus feature 
was available to drive learning. In the category-rule rec-
ognition (CRR) condition, participants could attain near-
perfect performance by learning a simple categorical rule: 
Old items were names of large objects (e.g., tree, barn), 

(both ps  .62), but see the above caution regarding the 
interpretation of the RT results in the present experiment.

These results provide no indication that feedback helped 
participants to realize the misleading sense of familiarity 
engendered by critical lures. This outcome is particularly 
striking in light of the fact that participants were made to 
take at least 2 sec to consider each test probe carefully before 
committing to a judgment. Apparently, time and instruc-
tional encouragement to engage in controlled processing 
was not sufficient for feedback to improve accuracy, even 
on items containing such a salient and diagnostic subjective 
feature as the familiarity of the critical lures.4

Experiment 3: #2–#5 Exemplars
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Figure 3. Mean proportion of old responses for #2–#5 exemplars (top panel) and #1 lures 
(bottom panel) from studied and nonstudied categories in Experiment 3. Error bars repre-
sent one standard error of the mean.



FEEDBACK AND RECOGNITION    401

The SC task consisted of 150 test words with no preceding study 
phase. The correct category (A or B for large or small object names, 
respectively) was selected randomly. Participants were instructed 
to sort the items into Categories A and B as they appeared on the 
screen and were told that although they would essentially be guess-
ing at the outset of the experiment, they might eventually develop a 
sense of what distinguishes a member of Category A from a member 
of Category B. The response scale ranged from 1 (definitely A) to 6 
(definitely B). Participants in the feedback condition were encour-
aged to use the feedback to inform their decisions. Feedback ap-
peared as either “A” or “B.” In all other respects, the test procedure 
was identical to that of the CRR task.

The CRR and SC conditions included posttest questions as to 
whether participants had noticed an attribute that separated old (or 
Category A) items from new (or Category B) items (i.e., the size of the 
referent object). After participants entered their responses, they were 
told that such an attribute did exist and were asked to try to name it.

Results and Discussion
The results of Experiment 4 are displayed in Figure 4. 

Since this experiment contained a smaller number of trials 
than Experiments 2 and 3, the data were broken down into 
three test blocks instead of four.

CRR condition. A 2 (study status)  4 (block)  
2 (feedback) ANOVA confirmed that old items were 
recognized more often than new items [F(1,43)  411, 
MSe  0.033, p  .001, 2

p  .905]. The main effect 
of block was also significant [F(2,86)  3.239, MSe  
0.010, p  .05, 2

p  .070], reflecting a general tendency 
for both hits and false alarms to decrease across blocks. 
The critical study status  feedback interaction indexing 
the effect of feedback on recognition sensitivity was again 
nonsignificant [F(1,43)  2.553, MSe  0.033, p  .12, 

2
p  .056]; however, a directional benefit of feedback was 

obtained. Follow-up analyses indicated that hit rates were 
significantly higher for participants receiving feedback 
(M  .76) than for controls (M  .68) [F(1,43)  4.221, 
MSe  0.046, p  .05, 2

p  .089]. However, false alarm 
rates were nearly identical in the feedback (M  .28) and 
control (M  .27) conditions ( p  .90). Az did not differ 
across the two conditions ( p  .30). The main effect of 
feedback was nonsignificant ( p  .22), as was the effect 
of feedback on ca ( p  .36), indicating that response bias 
was unaffected by feedback. Feedback did not interact 
with confidence level in the estimates of ca ( p  .55).

The significant hit rate advantage in the feedback con-
dition represents the first benefit of feedback to recogni-
tion observed in this line of studies. This result is con-
sistent with the possibility that when a categorical rule 
separates old and new items, participants can use feedback 
to become sensitive to the rule and improve recognition 
performance. Unfortunately, multiple lines of evidence 
call such a conclusion into question. First, the overall 
improvement in sensitivity was nonsignificant, whether 
measured by the study status  feedback interaction or the 
Az parameter. Second, the difference in hit rates between 
the feedback and control conditions remained virtually 
unchanged across test blocks, arguing against the idea that 
feedback allowed for (presumably gradual) learning of 
the category rule. Third, we conducted a replication of the 
CRR condition in a follow-up experiment using 37 par-

and new items were names of small objects (e.g., thimble, 
cup) or, for other participants, vice versa.

In categorization tasks, trial-by-trial feedback is an es-
sential component of learning experimenter-defined cat-
egory boundaries, and research shows that such learning 
occurs relatively quickly with simple rules (e.g., Bruner, 
Goodnow, & Austin, 1956). In the present recognition de-
sign, feedback provides the same information as in cat-
egory learning procedures and should result in the same 
benefit to performance: Because the size of the referent 
object is 100% diagnostic of old–new status, the partici-
pants may essentially treat the CRR condition as a catego-
rization task in which large words are classified as old and 
small words are classified as new or vice versa.

In the simple categorization (SC) condition, the CRR 
task was transformed into a literal categorization task. The 
same test words as in the CRR condition were presented 
without a preceding study phase, and participants were 
instructed to assign items to either Category A or Cat-
egory B. As in the CRR condition, category membership 
was determined by the size of the referent object and was 
to be learned through feedback.

Finally, in the simple recognition (SR) condition, rec-
ognition of the same word stimuli as in the CRR and SC 
conditions was tested but old/new status was not con-
founded with the size of the referent object (i.e., no simple 
category rule separated old from new items). Thus, the 
SR condition represents a replication of previous tests of 
feedback effects on recognition, as well as a comparison 
for the CRR condition.

Method
Participants. There were 46 participants in the CRR condition 

(n  22 in the feedback condition, 24 in the control condition), 
44 participants in the SC condition (21 in the feedback condition, 
22 in the control condition), and 31 participants in the SR condition 
(16 in the feedback condition, 15 in the control condition). The data 
of 4 participants performing at or near chance were removed from 
subsequent analyses.

Materials. The stimuli were 160 concrete nouns selected from 
the MRC database; half were names of objects larger than a standard 
bread box, and half were names of objects smaller than a bread box 
(according to the intuition of the second author). In the CRR condi-
tion, the study list consisted of five primacy buffers, 75 randomly 
ordered target items, and five recency buffers. For a randomly se-
lected half of the participants in the CRR condition, all of the study 
items were names of large objects; for the remaining participants, 
all of the study items were names of small objects. The test list 
consisted of the 75 studied target items randomly intermixed with 
the 75 nonstudied items. In the SC condition, all 150 items were 
presented in a random order with no preceding study phase. In the 
SR condition, the 150 items were randomly divided into targets 
and lures for each participant. The experiment was conducted with 
E-Prime software.

Procedure. Participants were randomly assigned to the task and 
feedback conditions. In the CRR and SR conditions, each study item 
appeared in the center of the screen for 500 msec. Participants were 
instructed to consider each word as a concrete noun in preparation 
for a memory test. The study items were separated by a blank 500-
msec interval. The study and test phases were separated by a 10-min 
delay interval during which participants wrote down the names of 
as many popular songs as they could. The test procedure in the CRR 
and SR conditions was identical to that of Experiment 2.
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Experiment 4: Category-Rule Recognition
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Figure 4. Mean proportion of old responses in the category-rule recognition condition (top panel); mean proportion of Category B 
responses (4, 5, or 6 on the response scale) in the simple categorization condition (middle panel), and mean proportion of old responses 
in the simple recognition condition (bottom panel) in Experiment 4. Error bars represent one standard error of the mean.
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ingly, neither Az nor ca differed between the feedback and 
control conditions (both ps  .53). Again, there was no 
evidence of an interaction of feedback and confidence 
level in ca analyses ( p  .58). These results are not sur-
prising, since the SR condition contained no manipula-
tion other than feedback, which has repeatedly produced 
null effects.

Analysis of RTs followed the established patterns: faster 
responding to old words than to new words [F(1,27)  
11.2, MSe  165,976, p  .01, 2

p  .293], increased re-
sponse speed across test blocks [F(2,54)  16.6, MSe  
100,958, p  .001, 2

p  .381], and a tendency toward a 
sharper decrease in RTs to new words than to old words 
[F(2,54)  2.562, MSe  76,718, p  .09, 2

p  .087]. 
A marginal study status  feedback interaction indexed 
the trend for RTs in the feedback condition to be identi-
cal to those of the control condition for new words but 
roughly 230 msec slower for old words [F(1,27)  3.603, 
MSe  165,976, p  .07, 2

p  .118]. Overall, feedback 
participants responded approximately 100 msec slower 
than did controls, but this difference was not significant 
( p  .57).

Responses to the posttest questions reflected the in-
ability of the participants in the CRR condition to dis-
cover the rule separating old and new items. Asked 
whether they had noticed a difference between items 
that had been on the study list and those that had not, 
the percentage of participants answering “yes” was simi-
lar in the feedback (50%) and control (53%) conditions. 
In the SC condition, more feedback participants (95%) 
than controls (77%) responded “yes,” despite the fact 
that all of the participants in this condition were told via 
study instructions that such a difference did exist. More 
strikingly, only 1 participant (5%) in the CRR feedback 
condition and none in the control condition correctly 
identified the category-relevant dimension. Including 
the participants proposing a category rule of places ver-
sus objects (an imperfect but diagnostic decision rule) 
improved these totals only to 2 feedback participants 
(10%) and 1 control (4%). By contrast, 45% of the SC 
feedback participants identified the exact category rule, 
and 90% provided either the exact rule or “places versus 
objects.” In the SC control condition, these totals were 
9% and 41%, respectively.

Although feedback exerted no detectable effect on sen-
sitivity in the CRR condition, the results of the RT analy-
ses indicated a compelling advantage for the feedback 
participants. By contrast, responding in the SR condition 
was nonsignificantly slower for the feedback participants. 
These findings suggest that the presence of a category rule 
allowed the feedback group to speed responses substan-
tially. The connection between feedback and the category 
rule remains unclear, however: This dramatic increase in 
recognition speed was not accompanied by a significant 
increase in accuracy, or conscious identification of the 
category rule. Moreover, the RT advantage did not in-
crease across blocks (i.e., the feedback  block interac-
tion did not approach significance), as would be expected 
if it was associated with some implicit form of learning of 
the category rule.

ticipants (17 in the feedback condition, 20 in the control 
condition) and failed to obtain any advantage of feedback: 
Hit rates were .746 and .749 in the feedback and control 
conditions, respectively, and false alarm rates were .256 
and .279. Thus, the present evidence regarding increased 
category-rule recognition performance with feedback is 
equivocal at best.

The trends in the RT data generally followed those ob-
served in Experiments 2 and 3: Responses were faster to old 
words than to new words [F(1,43)  21.9, MSe  375,695, 
p  .001, 2

p  .338], response speed increased across test 
blocks [F(2,86)  20.1, MSe  140,109, p  .001, 2

p  
.319], and the increase was greater for new words than 
for old words [F(2,86)  3.883, MSe  79,136, p  .05, 

2
p  .083]. Strikingly, however, the participants receiv-

ing feedback responded nearly 600 msec faster than the 
controls, a highly significant difference [F(1,43)  15.0, 
MSe  1,702,578, p  .001, 2

p  .258]. Despite the fact 
that feedback produced a nonsignificant benefit (if any) 
to recognition sensitivity, it apparently enabled a sizable 
increase in decision speed. We return to this result below.

SC condition. When the task was to categorize the 
items, participants receiving feedback greatly outper-
formed controls. A 2 (category: A or B)  4 (block)  
2 (feedback) ANOVA revealed a significant category  
feedback interaction [F(1,40)  37.0, MSe  0.134, p  
.001, 2

p  .481], indicating that the accurate discrimina-
tion of Category A and Category B items occurred with 
much higher frequency in the feedback condition. A mar-
ginal category  block interaction [F(2,80)  2.715, 
MSe  0.013, p  .10, 2

p  .064] capturing increased 
accuracy across blocks was driven by learning in the feed-
back condition, as was evidenced by a significant cate-
gory  block  feedback interaction [F(2,80)  13.226, 
MSe  0.013, p  .001, 2

p  .248].
RT analyses5 revealed only a main effect of block 

[F(2,78)  76.3, MSe  383,031, p  .001, 2
p  .662], 

signifying decreasing RTs as the test progressed, and 
a category  feedback interaction [F(1,39)  4.139, 
MSe  222,711, p  .05, 2

p  .096]. The latter effect 
corresponds to the tendency for the control participants to 
respond faster to Category B items, whereas the feedback 
participants were mildly faster to respond to Category A 
items. An interpretation for this pattern is not immediately 
obvious, but it does not appear to bear meaningfully on the 
issues of central interest here. The feedback and control 
conditions did not differ in RTs ( p  .91).

SR condition. When recognition decisions could not 
be guided by a categorical rule, feedback was ineffec-
tual with respect to both sensitivity and bias. A 2 (study 
status)  4 (block)  2 (feedback) ANOVA yielded the 
expected results: significantly higher recognition of old 
items than new items [F(1,27)  205, MSe  0.025, p  
.001, 2

p  .884], but no modulation of this effect by feed-
back ( p  .73). As in the CRR condition, a significant 
main effect of block captured the tendency for both hits 
and false alarms to decrease across the course of the test 
[F(2,57)  4.216, MSe  0.010, p  .05, 2

p  .135], but 
this trend did not interact with feedback ( p  .85), and 
there was no main effect of feedback ( p  .58). Accord-
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nonsignificant negative effects, they unanimously indicate 
no hint of a tendency for feedback to increase sensitivity.

With respect to the effect of feedback on recognition 
RTs, our results are inconclusive. Although feedback was 
associated with significant increases in response speed in 
Experiment 2 and the CRR condition of Experiment 4, no 
differences approaching significance emerged in Experi-
ment 3 or the SR condition of Experiment 4. Furthermore, 
the two significant RT effects neither grew across blocks 
nor were accompanied by improvements in accuracy, leav-
ing the locus of these effects unclear. One possibility is 
that participants may, under some conditions, respond 
more quickly and decisively when given feedback because 
of increased interest in the task; indeed, many participants 
mentioned during debriefing sessions that feedback moti-
vated them to perform as well as they could.

Are the null effects of feedback on recognition accuracy 
merely Type II errors due to weak manipulations or insuf-
ficient power? Estimates of power to detect a medium-sized 
effect (Cohen’s d  0.5) of feedback on recognition sensi-
tivity, calculated using G*Power 3 (Faul, Erdfelder, Lang, & 
Buchner, 2007), averaged .40 across the four experiments. 
Although power was modest in the individual experiments, 
several lines of evidence argue against the concern that the 
present findings are a product of low power. First, the null 
effects observed do not reflect small tendencies toward 
feedback effects that failed to reach significance; indeed, 
in only one instance across four experiments was feedback 
even directionally advantageous (Experiment 4, CRR con-
dition, old items). Second, feedback did produce substan-
tial criterion shifts in Experiment 2, indicating that it was 
not misunderstood or ignored by the participants and that 
there was a sufficient number of observations to detect ef-
fects. Third, in an effort to determine whether small modi-
fications in experimental design might create conditions 
conducive to a feedback advantage, we have conducted at 
least one variant of each of the experiments reported in this 
article. In no case was a feedback advantage observed.

We have conducted a number of other studies reveal-
ing null effects of feedback on recognition sensitivity with 
word stimuli. In one study, for example, we sought to de-
termine whether participants attended to and used feed-
back by repeating some of the test items at lags of four to 
seven items. Control participants were no more accurate on 
the second presentation of a repeated item than on the first, 
whereas feedback participants gave higher recognition rat-
ings to the second presentation of old items and lower rat-
ings to the second presentation of new items, showing that 
they did indeed learn from the feedback. Nonetheless, the 
feedback participants were no different from the controls 
in their responses to once-presented test items, indicating 
that the feedback did not effect any general increase in old/
new discrimination. In another approach (following a sug-
gestion by Asher Koriat), we tested recognition of high- 
and low-frequency words. Since old/new discrimination of 
high-frequency words is inferior to that of low-frequency 
words (i.e., the mirror effect; Glanzer & Adams, 1985), we 
speculated that feedback could alert participants to the dif-
ficulty of recognizing such words, encouraging a change 
in the processing of these items at test that would support 

We do not interpret the results of Experiment 4 as sug-
gesting that there are no circumstances under which feed-
back could enable participants to learn a category rule in 
a CRR-like condition. For example, had the rule been an 
obvious physical distinction between studied and nonstud-
ied words (e.g., length), feedback may well have proven 
extremely beneficial. By demonstrating that feedback was 
largely ineffective in exposing a category rule for recogni-
tion judgments that was readily learned for categorization 
judgments, however, the present results suggest substan-
tial resistance of the recognition system to improvements 
in sensitivity via feedback.

GENERAL DISCUSSION

Our purpose in the present experiments was to examine 
the effects of trial-by-trial corrective feedback on recogni-
tion memory. Although a small extant literature provides 
scant evidence that feedback improves recognition sen-
sitivity, the present experiments provided a stronger test 
of its potential efficacy by testing conditions tailored to 
promote such improvement. The design of these experi-
ments isolated the potential influence of feedback to the 
test phase, ensuring that any effects observed reflected a 
difference between participants who did versus did not 
receive feedback in recognition processing, not in study 
processing. Our results yielded two primary conclusions. 
First, feedback can guide appropriate bias shifts when 
the base rates of old and new items differ sharply from 
50–50 (Experiment 2). This result contributes to a recent 
literature examining the potential for feedback to affect 
criterion setting in recognition. Although recent studies 
have established that feedback can lead to bias shifts when 
item attributes such as trace strength (Verde & Rotello, 
2007) and screen location (Rhodes & Jacoby, 2007) are 
manipulated or when feedback is altered or withheld in a 
biasing fashion (Han & Dobbins, 2008, 2009), the results 
of Experiment 2 indicate that neither of these manipula-
tions are necessary; base-rate unevenness alone produced 
substantial criterion shifts, in contrast to a previously re-
ported finding (Estes & Maddox, 1995).

Second, feedback failed to enhance sensitivity across 
four experiments. Accuracy was no higher with feed-
back than without on a test of categorized lists studied 
with deep or shallow orienting tasks (Experiment 1), in 
a false-memory paradigm in which feedback repeatedly 
discouraged endorsing highly familiar critical lures as 
old (Experiment 3), and in a categorization-like task in 
which old and new items were separable along a single 
discernible dimension (Experiment 4, CRR condition). 
Taken together, these results suggest that the processes 
of recognition are impenetrable to improvement by feed-
back. Indeed, there was a small but consistent tendency 
for Az to be lower in the feedback condition than in the 
control condition (a difference that attained statistical 
significance in Experiment 2). It might be that efforts to 
use feedback backfired, for example, by encouraging the 
use of more analytic and less sensitive bases for recogni-
tion judgments (see Whittlesea & Price, 2001). Whether a 
meaningful phenomenon underlies these small and mostly 
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Jacoby, L. L. (1991). A process dissociation framework: Separating 
automatic from intentional uses of memory. Journal of Memory & 
Language, 30, 513-541. doi:10.1016/0749-596X(91)90025-F

Jacoby, L. L., Kelley, C. M., & Dywan, J. (1989). Memory attribu-
tions. In H. L. Roediger III & F. I. M. Craik (Eds.), Varieties of memory 
and consciousness: Essays in honour of Endel Tulving (pp. 391-422). 
Hillsdale, NJ: Erlbaum.

Jacoby, L. L., Woloshyn, V., & Kelley, C. (1989). Becoming famous 
without being recognized: Unconscious influences of memory pro-
duced by dividing attention. Journal of Experimental Psychology: 
General, 118, 115-125. doi:10.1037/0096-3445.118.2.115

higher accuracy. Neither high- nor low-frequency words 
were recognized more accurately with feedback, however.

Thus, although there is ample evidence that deliberative, 
recall-like retrieval processes and sophisticated inferential 
processes play an important role in at least some recogni-
tion memory tasks (e.g., Jacoby, Woloshyn, & Kelley, 1989; 
Lindsay, 2008), the present results suggest no mechanism 
by which the information provided in feedback can be har-
nessed to improve recognition sensitivity. These results sug-
gest an interpretation of previous findings indicating positive 
effects of feedback on recognition sensitivity (e.g., the digit 
and letter conditions of Estes & Maddox, 1995; Jennings 
& Jacoby, 2003; Jou & Foreman, 2007). Given the diffi-
culty of raising sensitivity with feedback at test alone, these 
past studies likely produced a feedback advantage through 
changes in study processing. We propose that the format of 
these studies (multiple study–test cycles or continuous rec-
ognition) enabled their participants to translate test feedback 
into more effective strategies for encoding subsequent study 
items. This idea bears implications for recognition-based 
memory training programs such as that of Jennings and Ja-
coby (2003): Feedback is not likely to enhance performance 
unless the participants have the opportunity to benefit from 
feedback during a subsequent study phase.

We close by acknowledging that we have by no means 
eliminated the possibility that feedback can, under some 
conditions, improve recognition accuracy. It might be that 
with more trials, more intense varieties of feedback, or 
different stimuli, a benefit of feedback on old–new dis-
crimination is observable. Our experience suggests, how-
ever, that the conditions necessary for feedback to increase 
recognition accuracy are difficult to find.
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