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Watkins and PeynirciogÏlu (1990) found that, in recogni-
tion memory tasks, when items are preceded by a problem-
solving task, such as doing an anagram, those items are
more likely to be judgedas “old,” regardless of whether they
have been presented in the study list (targets) or not (lures).
This outcome was initially labeled the revelation effect,
because the problem-solving task involved the probe word
that was revealed in the solution to the task prior to the
recognitiontest. Westerman andGreene (1998), though,have
shown that the same effect occurs when the revelation task
involves a word unrelated to the test probe. The revelation
effect is thus quite puzzling since it is not predicted, nor
easily explained, by current theoriesof recognitionmemory.

The revelation effect has been found with a wide vari-
ety of problem-oriented tasks, such as revealing the test
word one letter at a time, as an anagram, or rotating the in-
dividualletters of a word, or the word as a whole, by varying
degrees (Watkins & PeynirciogÏlu, 1990). Westerman and
Greene (1998) also found that the revelation effect can be
obtainedwhen itemrecognitionis precededby lettermemory-
span tasks, letter-counting tasks, and synonym-generation
tasks. The revelation effect occurs regardless of successon
the problem-solving task (Westerman & Greene, 1998, Ex-
periment 1), and the size of the effect is not influenced by

the time and effort dedicated to the task (Luo, 1993; Peynir-
ciogÏlu & Tekcan, 1993; Westerman & Greene, 1998). To
date, no revelation effect has been found when the type of
information involved in the revelation task is different
from the type of information used for the recognition test.
Westerman and Greene found that simple arithmetic prob-
lems and a digit-span task presented before verbal recog-
nition probes did not produce a reliable revelation effect.

Recent studies (Cameron & Hockley, 2000;Westerman,
2000) have demonstrated another boundary condition for
the revelation effect. It appears as though the revelation
task influences episodic memory decisions based on fa-
miliarity, but not decisions that involve recall or recollec-
tion of the study episode. The assumption that the revela-
tion task only influencesfamiliarity-baseddecisionsprovides
an explanationof two aspects of the revelationeffect. First,
the revelationeffect is typicallygreater for false alarms than
for hits (cf. Hicks & Marsh, 1998). This would be expected
if false alarms are most often the result of familiarity-
based decisions, whereas a proportion of hits are based on
recollection rather than on familiarity. Second, Bornstein
and Neely (2001) examined the revelation effect for judg-
ments of item frequency, and in two of three experiments,
found that the revelation effect became larger as actual fre-
quency increased. Brown (1995) has shown that frequency
judgments can be based either on a count of retrieved in-
stances(enumeration)or on a moregeneral familiarity-based
strategy (estimation). If, as Brown suggests, subjects use
an enumeration strategy more often when frequency is low
and use an estimation strategy more often when frequency
is high, the revelation effect should increase in magnitude
with higher frequency values.

The conclusion that the revelation task influences
familiarity-based decisions is also consistent with Wester-
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The revelation effect is a puzzling phenomenon in which items on a recognition test are more likely
to be judged as “old” when they are immediately preceded by a problem-solving task, such as anagram
solution. The present experiments were designed to evaluate Westermanand Greene’s (1998)and Hicks
and Marsh’s (1998) familiarity-based accounts of this effect. We found comparable revelation effects
when probes were preceded by an anagram or a numerical addition task and when subjects performed
either one or two of these tasks. Taken together, the results do not support familiarity-basedaccounts
of the revelationeffectbut are consistent with a proposed decision-based interpretation(i.e., criterion
flux), in which it is assumed that the revelation task displaces the study list context in working mem-
ory, leading subjects to adopt a more liberal recognition decision criterion, thereby increasing the hit
and false alarm rates.
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man and Greene’s (1998) explanationof the revelation ef-
fect. Their account is based on the assumptions of global-
matching models of memory (e.g., Gillund & Shiffrin,
1984;Hintzman,1988;Murdock,1993). In this view, recog-
nition decisions are based on the overall similarity be-
tween the test item and the contents of episodic memory.
Westerman and Greene further suggest that the revelation
task briefly activates additional information in memory
that is not activated by the probe itself. This additional ac-
tivation is summed with the activation produced by the
probe, thus increasing the overall activation of test probes
preceded by a revelation task.

Hicksand Marsh (1998)have also proposeda familiarity-
based account that assumes the revelation effect is due to
a shift in the decisioncriterion. In their view, the revelation
task temporarily activates competing alternatives, which in
turn reduces the signal-to-noise ratio for the test item.
Therefore, instead of increasingthe familiarityof the probe,
as proposed by Westerman and Greene (1998), Hicks and
Marsh (1998) suggested that the problem-solving task re-
duces familiarity. As a consequenceof the increased diffi-
cultyof the recognitiondecision in the revelationcondition,
subjects adopt a more liberal decision criterion, leading to
an increase in the hit and false alarm rates.

The present experiments were designed to test predic-
tions derived from these accounts and, more generally, pre-
dictions from any potential familiarity-based explanation
of the revelationeffect. One predictionconcerned the ques-
tion of whether multiple revelation tasks would have a cu-
mulative effect—that is, would solving two different ana-
grams have a larger effect than solvingonly one anagram?
PeynirciogÏlu and Tekcan (1993) showed that the difficulty
of the revelation task (see also Westerman & Greene, 1998,
Experiments1 and 2), or the time spent on the task, does not
affect the size of the revelationeffect. These results could be
taken to suggest that there would not be a difference in the
size of the revelationeffect when the revelationtask involves
two problems, as compared with one.

In contrast to the findings above, Watkins and Peynir-
ciogÏlu (1990) found that the size of the revelation effect is
correlated with the amount of revelation that was involved
in the task. Bornstein and Neely (2001) have also reported
a positive relationship between degree of distortion (the
number of letter fragments) and the revelationeffect for fre-
quency estimation. More difficult revelation tasks might
activate more additional information than might easier
revelation tasks (cf. Westerman & Greene, 1998, p. 385).
This would suggest that two different anagrams might ac-
tivate more additional information than would one ana-
gram, thereby producing a larger revelation effect.

Since it is not clear what information might be activated
by solvingan anagram problem, it is also not clearhow much
additional information, if any, would be activatedby a sec-
ond anagram task, over and above the activationproduced
by the first anagram task. In an attempt to address this prob-
lem, we compared a single-anagram condition with both
a double-anagramconditionand a condition that involved

an anagram problemand a different, unrelatedproblemtask.
The second task in this condition was a numeric addition
problem. This type of problem is sufficiently different
from the anagram task in that it is unlikely that the two
tasks would activate similar information.

The use of a numeric addition task would seem to be an
odd choice in light of the fact that Westerman and Greene
(1998, Experiment 6) failed to find a revelation effect with
this type of task. In pilot work, however, we found evidence
for a revelation effect when the preceding task involved
additionproblems. Before proceeding to the test of whether
two tasks produce a greater revelation effect than does
one, we report an experiment designed specifically to
demonstrate that an addition task can produce a revelation
effect when the to-be-remembered information is verbal.

EXPERIMENT 1

Method
Subjects. Forty-five introductory psychology students at Wilfrid

Laurier University participated in Experiment 1 for course credit.
Apparatus and Stimuli. The study and test words were ran-

domly selected from a pool of 688 nouns derived from Paivio,
Yuille, and Madigan (1968). The imageability rating for these words
was 5.00 or greater, based on the 1 to 7 scale for word rating norms
of Paivio et al. (1968). The arithmetic problems consisted of the ad-
dition of two randomly generated three-digit numbers whose sum
did not exceed 999.

Stimulus presentation and response recording were controlled by
computers. Specific keys were assigned to specific responses: the
“z” key was used for “new” responses, the “/” key was used for “old”
responses, and the “y” key indicated problem solution. The key-
boards were covered with opaque covers with only the response keys
exposed. The words old, new, and problem solved appeared on the
keyboard covers, located appropriately to indicate the purpose of
each response key. The subjects voiced their problem solutions into
a tape recorder before pressing the “y” key.

Procedure. The subjects were first shown a study list consisting
of 60 random words. The words were presented one at a time, in the
center of the screen for 3.5 sec, with a 0.5-sec blank interval between
them. The first and last six words were considered primacy and re-
cency buffers.

The recognition test comprised 96 probes: 48 were targets from
the study list (excluding the buffers) and 48 were new (not studied)
lures. The order of the study and test presentations was random, with
a different order for each subject. All recognition probes were pre-
sented one at a time, in the center of the screen, flanked by question
marks. The words old and new appeared in the bottom right and left
of the screen, respectively, to serve as reminders of the recognition
task and the response keys.

Prior to presentation of a random half of the old (24) and half of
the new (24) test items, the subjects were presented with the arith-
metic addition task. The two numbers were presented on the same
line in the center of the screen followed by an equals sign (“=”) and
a question mark (“?”). The statement “Press top key when solved”
appeared at the bottom of the screen. The subjects voiced their so-
lution to each addition problem aloud in the presence of a tape
recorder and then pressed the key labeled problem solved to proceed.
All aspects of the test were self-paced, with a 1-sec blank interval be-
tween presentations.

The subjects were given two sets of instructions, one prior to the
study list and the other prior to the test. At study, the subjects were
asked to remember the words and were told that their memory for
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those words would be tested later. Following the study list, the sub-
jects were asked to respond “old” to the words presented in the study
list and “new” to the words that were not shown earlier. The instruc-
tions on how to perform the addition task were also given at this time.

Results and Discussion
The mean proportions of “old” responses for all condi-

tions are given in Table 1. These results were submitted to
a 2 (old vs. new probe) 3 2 (intact vs. math test condition)
within-subjects analysis of variance (ANOVA). An alpha
level of .05 was used for all statistical tests in this study.
Not surprisingly, there was a main effect of probe[F(1,44) =
471.70,MSe = 0.029], indicatinga greater rate of hits than
false alarms. More importantly, there was also a main ef-
fect of test condition [F(1,44) = 4.77, MSe = 0.010],
demonstrating a significantly greater proportion of “old”
responses in the math condition than in the intact condi-
tion. The two variables interacted significantly [F(1,44) =
6.30, MSe = 0.081], showing that the revelation effect was
greater for false alarms than for hits.

Potential differences in discriminability and criterion
shift were examined by estimating A9 and b0D.1 The mean
estimates are presented in Table 2. A one-way ANOVA
was performed on each of these measures. There was a
small but reliable decrease in discriminability in the math
condition relative to the intact condition [F(1,44) = 7.54,
MSe = 0.003]. This decrease was accompaniedby a signifi-
cantlymore liberal criterion in themath condition[F(1,44) =
6.52, MSe = 0.016].

The results of Experiment 1 demonstrate that a revela-
tion effect can be obtainedwhen the precedingtask involves
additionproblems. This findingcontrastswith Westerman
and Greene’s (1998, Experiment 6) failure to observe a sig-
nificant revelation effect using an addition task, although
the pattern of their results was in the same direction as the
results of our Experiment 1. The different outcomes of
these experiments could be due to differences between the
two types of addition tasks; however, more likely, they
simply reflect sampling variability.

Having demonstrated that an additionproblem can also
produce the revelation effect, we now turn to the question
of whether two preceding tasks can produce a greater rev-
elationeffect than can one task. In Experiment2, test probes
were presented intact or were preceded by one anagram
problem, two separate anagram problems, or an addition
task followed by an anagram problem.

EXPERIMENT 2

Method
Subjects. Forty-five students participated in Experiment 2 for

course credit.
Apparatus and Stimuli. The 140, eight-letter anagrams used in

the experiment were adapted from Gibson and Watkins (1988). All
the anagrams were scrambled in the same order, with the solution se-
quence being 54687321 (i.e., navigate would appear as giaetvan).
The answer key for the anagrams was presented below every ana-
gram.

Procedure. The experimental procedure employed was nearly
identical to that of Experiment 1. Each subject was exposed to four
conditions that varied as a function of test probe manipulation. The
old and new test probes were presented intact (not preceded by ei-
ther an anagram or a math problem), preceded by one unrelated ana-
gram task (anagram), preceded by two unrelated anagrams (double
anagram), or preceded by an addition problem followed by an ana-
gram (math–anagram). This yielded 12 tests in each condition.

Results and Discussion
Themean proportionsof “old” responses for old and new

tests in each test conditionare presented in Table 1. The pro-
portionsof “old”responseswere submittedto a 2 (old vs. new
probe) 3 4 (intact vs. single-anagramvs. double-anagram
vs. math–anagram test condition) within-subjects ANOVA.

As expected, hit rates were significantly greater than
were false alarm rates [F(1,44) = 391.27,MSe = 0.061].The
main effect of test conditionwas also significant[F(3,132)=
5.07, MSe = 0.018], as was the interaction between probe
and test condition [F(3,132) = 5.83, MSe = 0.062].

To explore the probe 3 condition interaction, all test
conditionswere compared with each other, for each probe

Table 1
Proportions of “Old” Responses for All Conditions

in Experiments 1, 2, and 3

Hits False Alarms
Condition M SD M SD

Experiment 1
Intact .74 .13 .15 .13
Math .74 .14 .22 .17

Experiment 2
Intact .75 .16 .15 .13
Single anagram .76 .18 .25 .19
Double anagram .77 .20 .28 .19
Math–anagram .75 .20 .27 .19

Experiment 3
Intact .74 .16 .16 .16
Single anagram .78 .14 .29 .20
Single math .76 .15 .28 .21
Anagram–math .80 .16 .31 .20

Table 2
Mean Estimates of A9 and b0D for All Conditions

in Experiments 1, 2, and 3

A9 b0D
Condition M SD M SD

Experiment 1
Intact .87 .07 .33 .54
Math .84 .09 .11 .55

Experiment 2
Intact .87 .08 .25 .56
Single anagram .84 .09 .02 .70
Double anagram .83 .09 2.12 .66
Math–anagram .82 .11 2.04 .60

Experiment 3
Intact .87 .08 .30 .62
Single anagram .82 .11 2.10 .61
Single math .82 .12 2.01 .59
Anagram–math .82 .11 2.21 .58
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type, in a series of two-tailed, paired-samples t tests. It was
found that no significant differences existed among the
test conditions in hit rates. The intact condition, however,
did differ significantly from the single-anagramcondition
in false alarms [t(44) = 3.98]. There was also a significant
difference in false alarms between the intact and double-
anagram conditions [t(44) = 5.38], as well as between the
intact and math–anagram conditions [t(44) = 4.71]. In all
three revelation conditions, the false alarm rate was lower
for the intact tests than for the other conditions, demon-
strating the revelation effect.

Critical to this experimentwas the difference between the
double-problemconditionsand the single-anagram condi-
tion. A significantlygreater proportionof “old” responses
in the double conditions would indicate a potential incre-
mental property of the revelation effect. There was, how-
ever, no reliable difference in false alarm rates between
double-anagram and single-anagram conditions [t(44) =
0.383] or between math–anagram and single-anagram
conditions [t(44) = 0.748], indicating that no such incre-
mental effect occurred.

These results were further corroborated by signal de-
tection measures. The mean estimates of A9 and b0D for
each test condition are presented in Table 2. The A9 esti-
mate for the intact conditionwas significantly higher than
for the single-anagramcondition[t(44) = 2.73], the double-
anagram condition [t(44) = 2.90], and the math–anagram
condition[t(44)= 4.05].The differences between the single-
anagram, double-anagram,and math–anagram conditions
were not statistically reliable. The same pattern of results
was observed in the b0D estimates. The criterion placement
in the intact conditionwas significantlymore conservative
than in the single-anagram condition [t(44) = 2.09], the
double-anagramcondition[t(44) = 3.40], and in the math–
anagram condition [t(44) = 2.83]. The double-problem
conditionsdid not reliably differ.

Experiment 2 showed a reliable revelation effect. This
effect was greater and significant only for false alarms, a
finding consistent with the results of Hicks and Marsh’s
(1998) meta-analysis of the revelation effect. More impor-
tantly, no incremental effects were found, as demonstrated
by the lack of a difference between the single-anagram,
double-anagram, and math–anagram conditions. As men-
tioned earlier, an incremental effect would support
familiarity-based interpretations of the revelation effect
because a familiarity-based effect could exhibit additive
properties. Since conclusions drawn from Experiment 2
would be based on a null result, we thought it advisable to
replicate the lack of a difference between the one- and the
two-problem tasks in Experiments 3, 4, and 5. In Experi-
ment 3, single-anagram and single-math tasks were com-
pared with an anagram-plus-math task.

The design of Experiment 3 also allowed for a compar-
ison of the revelation effect for single-additionand single-
anagram problems, as well as for the combination of both
tasks. Most familiarity-based accounts of the revelation
effect would not predict that the revelation effect for an
addition task would be equivalent to the revelation effect

for a verbal task, such as anagram solution. This is be-
cause a verbal revelation task is more likely to activate in-
formation related to the verbal items on the study list than
is a nonverbal revelation task.

EXPERIMENT 3

Method
Subjects. Forty-two introductory psychology students partici-

pated for course credit.
Apparatus and Stimuli. The apparatus and stimuli were identi-

cal to those used in Experiment 2.
Procedure. The procedure was identical to that of Experiment 2,

with the exception of the composition of the recognition test condi-
tions. In Experiment 3, the four conditions in the test list were intact,
single anagram, single math, and anagram–math.

Results and Discussion
The mean proportions of “old” responses are summa-

rized in Table 1. The analysis performed was a 2 (old vs.
new probe) 3 4 (intact, single-anagram, single-math, and
anagram–math test condition) within-subjects ANOVA.
As expected, there was a main effect of probe [F(1,41) =
332.31, MSe = 0.067], as well as a main effect of test con-
dition [F(3,123) = 13.33, MSe = 0.013]. These two vari-
ables interactedsignificantly[F(3,123)= 3.45,MSe = 0.014].
To evaluate this interaction, the differences in hits and
false alarms were examined between all recognition test
conditions.There was only one significantdifference in hits
among all the conditions:the subjects in the anagram–math
condition responded “old” to a greater number of old
probes than did the subjects in the intact condition [t (41) =
2.17]. The same effect between these two conditions was
also found for new probes [t(41) = 5.47]. Furthermore, the
false alarm rate was greater in the single-anagram condi-
tion than in the intact condition [t (41) = 5.44], indicating
a revelation effect. A similar effect was obtained with the
single-math manipulation,as demonstrated by comparing
the false alarm rate between the intact and single-math
conditions [t (41) = 4.49].

The mean differences in hit and false alarm rates among
the three revelationconditionsdidnot differ reliably. In other
words, the mean hit and false alarm rates for single-anagram
items were statistically equivalent to the single-math and
anagram–math rates. This indicates that all of the problem
tasks elicited comparable effects on the probes that fol-
lowed them.

Mean estimates of A9 and b0D are given in Table 2.
Analysis of the A9 estimates revealed that discrimination
in the intact condition was again higher than that in the
single-anagram condition [t (41) = 2.97], the anagram–
math condition[t(41)= 2.86], and the single-mathcondition
[t (41) = 3.33]. No other comparisons approached signifi-
cance. The b0D analysis indicated significantly more con-
servative responding in the intact condition than in the
single-anagram condition [t (41) = 4.76], the anagram–
math condition [t (41) = 5.29], and the single-math condi-
tion [t (41) = 3.15]. The only other reliable difference was
found in the comparison of the single-mathconditionwith
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the anagram–math condition, where the criterion was set
at a more liberal level in the double-problem condition
[t(41) = 2.45].

Experiment3 confirmed that it is possible to obtain a rev-
elation effect with the use of an arithmetic revelation task
and, furthermore, that single-additionand single-anagram
tasks producecomparable revelationeffects. The anagram–
math conditiondid not differ reliably from the single-math
or single-anagram conditions in either hit or false alarm
rates. Nevertheless, the hit rate was slightly greater in the
anagram–math condition, and this was the only revelation
condition in which the hit rate was reliably greater than in
the intact condition. In Experiments 2 and 3, the subjects
performed both anagram and addition tasks. It is possible
that performing both types of tasks might have attenuated
potential differences between the tasks. In Experiment 4,
the anagram and additionproblem conditionswhere com-
pared between subjects. The subjects were presented ei-
ther with single and double anagrams or with single and
double addition problems.

EXPERIMENT 4

Method
Subjects. Ninety introductory psychology students participated

for course credit.
Apparatus and Stimuli. The apparatus and stimuli were the

same as in the preceding experiments.
Procedure. The subjects were randomly divided into two groups

(n = 45). The anagram group was presented with intact words, sin-
gle anagrams, and double anagrams throughout the test, and the
math group was given intact words, single-math problems, and double-

math problems. The test lists consisted of 24 old and 24 new intact
tests, 12 old and 12 new single-anagram or single-math tests, and 12
old and 12 new double-anagram or double-math tests. All other as-
pects of this experiment were identical to those of Experiment 3.

Results and Discussion
The mean proportionsof “old” responses for each con-

dition and group are presented in Table 3. The proportions
of “old” responses were submitted to a 2 (anagram vs.
math group) 3 2 (old vs. new probe) 3 3 (intact vs. single-
problem vs. double-problem recognition test condition)
mixed ANOVA. The overall performance in the anagram
and math groups did not differ reliably [F(1,88) < 1, MSe =
0.058]. There was a main effect of probe [F(1,88) =
812.52, MSe = 0.042], indicating greater rates of hits than
for false alarms. There was also a significant difference in
the type of test condition presented [F(2,176) = 22.76,
MSe = 0.017].This variable interactedwith probe [F(2,176)=
3.52, MSe = 0.012]and with group [F(2,176)= 3.52, MSe =
0.017]. There was no interactionbetween group and probe
[F(1,88) = 2.94, MSe = 0.042] or between group, probe,
and test condition [F(2,176) < 1, MSe = 0.012].

To explore the test condition 3 group interaction, the
results for each group were submitted to two separate 2
(old vs. new probe) 3 3 (intact vs. single- vs. double-
stimulus test condition) within-subjects ANOVAs. In the
anagram group, the expected probe main effect was signif-
icant [F(1,44) = 328.93,MSe = 0.046], as was the main ef-
fect for test condition [F(2,88) = 16.60,MSe = 0.020]. The
two variables did not interact. The false alarm rate was
greater in the single-anagram condition than in the intact
condition[t(44) = 3.99]. The difference in hit rates did not
reach significance [t(44) = 1.29]. Both the hit rate [t(44) =
3.38] and the false alarm rate [t(44) = 5.53] were greater
in the double-anagram condition than in the intact condi-
tion. There was also a significantly greater proportion of
hits in the double-anagram condition than in the single-
anagram condition [t(44) = 2.45], but the difference in
false alarms rates was not significant [t(44) = 1.87].

In the math group, there was a significantmain effect of
probe [F(1,44) = 502.30, MSe = 0.039], as well as a main
effect of test condition[F(2,88) = 8.08, MSe = 0.014], with
no interaction. The false alarm rates were greater in the
single-math condition [t(44) = 4.45] and in the double-
math condition [t(44) = 3.84] than in the intact condition.
No reliable effect was found for hit rates, and there was no
reliable difference between the single- and double-math
conditions (all ts < 1).

To investigate the initial group 3 test condition 3
probe interaction, two additional analyses were con-
ducted. First, a 2 (anagram vs. math group) 3 3 (intact vs.
single-problemvs. double-problemrecognitiontest condi-
tion) mixed ANOVA was carried out on old probes. No re-
liable difference was found between the anagram and
math groups. There was, however, a main effect of test
condition [F(2,176)= 6.95,MSe = 0.016].The two variables
didnot interact.The main effect of the test conditionwas an-
alyzed using two-tailed,paired-samples t tests. A significant

Table 3
Proportions of “Old” Responses for All Conditions

in Experiments 4 and 5

Hits False Alarms

Condition M SD M SD

Experiment 4
Intact (A) .70 .18 .20 .11
Single anagram .74 .18 .29 .18
Double anagram .81 .13 .34 .18
Intact (M) .76 .13 .19 .13
Single math .79 .17 .29 .17
Double math .80 .16 .27 .19

Experiment 5
Single anagram
Intact .70 .17 .25 .15
Revelation .76 .11 .37 .15

Double anagram
Intact .73 .12 .26 .13
Revelation .78 .14 .37 .15

Single math
Intact .70 .15 .23 .17
Revelation .74 .14 .36 .17

Double math
Intact .69 .15 .21 .13
Revelation .79 .13 .34 .17

Note—A and M correspond to the intact conditions associated with the
anagram conditions and the math conditions, respectively, in Experi-
ment 4.
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difference was found between the intact conditionand the
double-stimuluscondition[t(89) = 3.59], as well as between
the single- and double-stimulusconditions [t (89) = 2.02].

A similar 2 3 3 mixed ANOVA was then carried out on
new probes. The results mirrored those of old items, since
there was no difference between the anagram and math
groups (F < 1). The main effect of test condition was sig-
nificant [F(2,176)= 24.84,MSe = 0.013], and the two vari-
ables did not interact. The significantmain effect was sub-
jected to further analysis using two-tailed, paired-samples
t tests. The results indicated that the false alarm rate was
significantlylower in the intact conditionthan in the single-
task condition [t (89) = 5.99] and also lower than in the
double-task condition [t (89) = 6.63]. There was no sig-
nificantdifference between the two task conditions[t (89) =
1.06].

Mean estimates of A9 and b0D are presented in Table 4.
The estimates were analyzed within groups, using simple
three-level, one-way ANOVAs. In the anagram condition,
there was no difference in discriminabilitybetween the in-
tact items, items preceded by a single anagram, and items
preceded by two consecutive anagrams [F(2,88) = 1.66,
MSe = 0.01]. There was, however, a significant difference
associated with the criterion-shift estimate, b0D, [F(2,88) =
13.75,MSe = 0.21]. Paired-samples t tests further revealed
that the significant result was due to reliable differences
between the intact condition and the single-anagram con-
dition [t(44) = 3.71], as well as between the intact condi-
tion and the double-anagram condition [t(44) = 4.87]. In
both cases, the b0D estimate was greater in the intact con-
dition than in the other two conditions, indicating a more
conservative response bias. There was no statistical differ-

ence between single- and double-anagram conditions
[t(44) = 1.92].

The same analyses were carried out on the math group,
and the results mirrored those of the anagram group. First,
the A9 estimate was analyzed using a three-level, one-way
ANOVA performed on intact probes, single-math, and
double-math items. No significantdifferences were found
[F(2,88) = 2.43, MSe = 0.006].The same statistical test per-
formed on the b0D estimate yielded a significant result
[F(2,88) = 7.61, MSe = 0.194], which was due to more con-
servative responding in the intact condition than in both
the single-math condition [t (44) = 3.56] and the double-
math condition [t (44) = 2.71]. The two math conditions
did not differ [t (44) = 1.02].

The results of Experiment 4 showed that the revelation
effect was comparable in the single-anagram and single-
math conditions.In contrast to Experiments 2 and 3, how-
ever, in Experiment4, the revelationeffect was significantly
greater for the subjects who solved two anagrams than for
those who solved only one. No such cumulativeeffect was
observed in the math conditions.

The results of Experiment 4 differ from those of Ex-
periments 2 and 3 in another regard as well. In Experi-
ment 4, the revelation effect in the double-anagram con-
dition was observed in both hit and false alarm rates,
whereas in Experiments 2 and 3, the revelation effect was
seen only in the false alarms. The presentation time used
in Experiments 2 and 3 (3.5 sec) was longer than in most
of the previous experiments that have examined the reve-
lation effect. Landau (2001) has recently shown that the
magnitude of the revelation effect is reduced when study
time is increased. Of the 32 experiments included in Hicks
and Marsh’s (1998) meta-analysis of the revelation effect,
only three experiments did not find a substantial effect for
hits, and the presentation rate in two of these three exper-
iments (LeCompte, 1995) was also longer (3 sec) than in
the other experiments.2 Longer study times may lead to a
greater proportion of hits being based on recollection(i.e.,
retrieval of specific details of the study episode) rather
than on familiarity, and decisions based on recollection
are not susceptible to the revelation effect (cf. Cameron &
Hockley, 2000; Westerman, 2000).

Experiment 5 was designed as a replication of Experi-
ment 4 in which the four revelation task conditionsexam-
ined in Experiment 4 were all contrastedbetween subjects.
Thus, there were four groupsof subjects, and the same task
(single or double anagram, or single or double addition
problem) was presented in each test list. In addition, the
presentationrate for words at study was reduced to 1.5 sec
per item in an attempt to increase the effects of the reve-
lation tasks on the hit rates.

EXPERIMENT 5

Method
Subjects. A total of 132 introductory psychology students par-

ticipated for course credit. They were randomly assigned to one of
the four experimental conditions.

Table 4
Mean Estimates of A9 and b0D for All Conditions

in Experiments 4 and 5

A9 b0D

Condition M SD M SD

Experiment 4
Intact (A) .82 .12 .23 .51
Single anagram .79 .16 2.08 .60
Double anagram .82 .08 2.28 .65
Intact (M) .86 .08 .12 .56
Single math .83 .11 2.23 .62
Double math .84 .09 2.14 .67

Experiment 5
Single anagram
Intact .80 .11 .11 .53
Revelation .78 .09 2.27 .41

Double anagram
Intact .82 .08 .01 .46
Revelation .76 .12 2.35 .57

Single math
Intact .82 .10 .20 .51
Revelation .77 .10 2.20 .49

Double math
Intact .82 .09 .19 .52
Revelation .81 .08 2.26 .53

Note—A and M correspond to the intact conditions associated with the
anagram conditionsand the math conditions,respectively, in Experiment3.
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Apparatus and Stimuli. The apparatus and stimuli were identi-
cal to those used in the previous experiments.

Procedure. The procedure was identical to that in Experiment 4,
except that the different revelation task conditions were presented
between subjects, and the presentation rate at study was reduced to
1.5 sec per item.

Results and Discussion
The mean proportionsof “old” responses for all condi-

tions are given in Table 3. These results were submitted to
a 2 (old vs. new probe) 3 2 (intact vs. revelation task) 3 4
(single-anagram vs. double-anagram vs. single-math vs.
double-math group) mixed ANOVA. As usual, there was
a main effect of probe [F(1,128) = 861.00, MSe = 0.029],
indicating a greater rate of hits than false alarms. There
was also a main effect of test condition [F(1,128) = 66.35,
MSe = 0.005], demonstrating a significantly greater pro-
portion of “old” responses to probes preceded by a reve-
lation task than to intact probes. The probe variable inter-
acted significantly with test condition [F (1,128) = 22.34,
MSe = 0.008]. Paired-samples t tests indicated that the in-
teraction was due to a greater proportion of false alarms
for revelation probes than for intact probes [t (131) = 9.71],
as opposed to the hit rates for revelation probes compared
with intact probes [t (131) = 4.17]. As the t tests indicate,
however, a reliable revelation effect was observed for both
old and new probes.

The most relevant test in this experiment was the com-
parison of the revelation effects across the four groups.
Finding a greater revelation effect for probes preceded by
two tasks than for probes preceded by a single revelation
task would provide support for familiarity-basedaccounts
of the revelation effect. No such differences were found.
We observed no statistically significant difference be-
tween the four conditions [F(3,128) = 1.31, MSe = 0.037].
Furthermore, there were no interactions between the con-
ditions and any other variables, indicating that the perfor-
mance of the four groups was statistically equivalent.

These results are further supported by the analysis of
the signal detection estimates A9 and b0D. These means are
presented in Table 4. A 2 (A9 intact vs. A9 revelation task)
3 4 (single-anagram vs. double-anagram vs. single-math
vs. double-math group) ANOVA revealed only a main ef-
fect of revelation on discriminability [F(1,128) = 16.10,
MSe = 0.004]. The two variables did not interact. Paired-
sample t tests revealed that the main effect of the revela-
tion task was due to significantly better discrimination of
old items from new ones in the intact condition than in the
single-math group [t (32) = 2.97] and the double-anagram
group [t(32) = 3.25]. The difference between the intact and
revelationconditionsin the double-mathgroup was not sig-
nificant [t(32) = 0.567].

The estimates of b0D suggested that the subjects adopted
a more liberal criterion followinga revelation task. A 2 (in-
tact vs. revelation task) 3 4 (single-anagram vs. double-
anagram vs. single-math vs. double-math group) ANOVA
confirmed a main effect of the revelation task on criterion

placement [F(1,128) = 65.81, MSe = 0.027]. The main ef-
fect for group was not significant (F = 1.03), nor was the
interaction between the two variables. To further explore
the main effect of criterion, paired-samples t tests were
performed. In all four groups, the criterionwas significantly
more liberal for items preceded by a revelation task than for
intact items.3

In contrast to Experiments 1, 2, and 3, in Experiment 5,
a revelation effect was observed for both hits and false
alarms in all conditions, with the effect being greater for
false alarms. Thus, the results of Experiment 5 illustrate
the typical revelation effect pattern as defined by Hicks
and Marsh’s (1998) meta-analysis. Experiment 5 differed
from the previous experiments in that the presentationrate
at study was reduced to 1.5 sec per item. Considered to-
gether, the results of the present experiments are consis-
tent with Landau’s (2001) demonstration that the magni-
tude of the revelation effect is greater when study time is
reduced, particularly for hits. This result is in accord with
the view that the revelation effect influences only
familiarity-based decisions, because reducing study time
would decrease the opportunity to encode information
that would support recollection and thus increase the pro-
portion of responses based on familiarity.

More importantly, the results of Experiment 5 confirm
the two major findings of the previous experiments. First,
a revelation effect was found for the numerical addition
task, and this effect was similar in magnitude to the reve-
lation effect observed for the anagram task. Second, the
revelation effect was comparable when the subjects per-
formed one or two tasks prior to the recognition probe.
That is, two tasks do not reliably increase the magnitude
of the revelation effect beyond that produced by one task.

GENERAL DISCUSSION

The present study was designed to test predictions de-
rived from familiarity-basedaccounts of the revelation ef-
fect. One prediction that was tested in Experiments 2, 3, 4,
and 5 was that, if a problem-solving task influences the
familiarity of the test probe, two such tasks could influ-
ence familiarity even further. To test this possibility, the ef-
fect of solving two separate tasks was compared with the
effect of solving only one task on the subsequent recogni-
tion probe. Because of the possibility that a second task
might not activate very much in the way of additional in-
formation that was not activated by the first task (such as
might be the case for two anagram solution tasks), we also
included two very different tasks (anagram solutionand nu-
meric addition) in the double-task condition. It seems rea-
sonable to assume that the activation arising from these
two very different tasks would not share very much in com-
mon. Nevertheless, in all but one comparison, two revela-
tion tasks yielded the same statistical effect as one task.
The exception was the double-anagram condition in Ex-
periment 4. Five other comparisons, however, did not
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show this outcome.Thus, the effects of precedingproblem-
solving tasks on subsequent recognition decisions are not
generally cumulative in nature.

Although finding a cumulativeeffect of revelation tasks
would provide support for familiarity-based accounts, the
failure to observe such an effect is not strong evidence
against the familiarity view. It is possible that the addi-
tional activationproduced by the first task declines during
the second problem-solving task, so that the net effect of
the activation produced by two problem-solving tasks is
approximately equivalent to the activation generated by
one task. Although this explanation of our failure to find
a consistent cumulative effect of multiple tasks is a possi-
bility, it raises a number of questions concerning the time
course of the activationproduced by the revelation task. If
the activation produced by the problem-solving task de-
cays over time, why then does the amount of time spent on
the problem-solving task not affect the size of the revela-
tion effect (PeynirciogÏlu & Tekcan, 1993; Westerman &
Greene, 1998)? If the decline in the activation produced
by the revelation task is not due to passive decay but rather
is a result of some mechanism or process that resets acti-
vation levels, why is the activation level reset between dif-
ferent problem-solving tasks but not reset between the
revelation task and the recognition probe?

Another problem for familiarity-based views of the reve-
lation effect is the finding that a numeric addition task also
produces a reliable revelation effect. Thus, the revelation
effect is more general than previously thought.This result
challenges the conclusion reached by Westerman and
Greene (1998, Experiment 6), who did not find a reliable
effect with their numeric revelation task. It is important to
note, however, that their results showed a trend similar to
our results in proportion, but their total revelation effect
was smaller. It is also puzzling thatWesterman and Greene
did not find a revelation effect for a number memory-span
task (Experiment 7). This is curious, since one would ex-
pect that, although this task involves numbers, subjects
would presumably rehearse them verbally.

The revelation effect we observed for the addition task
was also comparable in magnitude with that of the ana-
gram task.This finding is more problematic for familiarity-
based approaches to the revelation effect. In this view, the
processes associated with performing the revelation task
serve to activate information related to the study list that
is not activatedby the test probe. This additional activation
either increases the familiarity of the subsequent test probe
(Westerman & Greene, 1998) or increases the activation
of competing information that reduces the signal-to-noise
ratio of the test probe (Hicks & Marsh, 1998). Either of
these accounts must predict that the activation of infor-
mation related to a verbal study list should be greater for
a verbal revelation task than for an arithmetic task, be-
cause a verbal task should be much more likely to activate
informationrelated to the memory traces of the verbal items
on the study list. Thus, an anagram revelation task should
produce a larger effect than should a nonverbal arithmetic
task.We haveconsistentlyfailed to observesuch a difference.

The above findings pose a number of problems for
familiarity-based explanations of the revelation effect. If
we dismiss this approach, how can the revelation effect be
explained? The simplest and most parsimonious explana-
tion is that interrupting recognition with an unrelated and
irrelevant problem task temporally induces subjects to
adopt a more liberal decision criterion, resulting in an in-
crease in hits and false alarms. But why should subjects
change their criterion? Hicks and Marsh (1998) have sug-
gested that the revelation task activates competing alter-
natives or leaves residual noise in working memory (Hicks
& Marsh, 1999),which serves to reduce the signal-to-noise
ratio of the probe. To compensate for a more difficult deci-
sion, subjects adopt a more liberal criterion. The fact that
an addition problem has the same effect as an anagram
task does, though, pose a problem for the assumption that
the revelation task activates competing alternatives, since
it is reasonable to expect that the competitors activated by
a verbal task would interfere more than would those acti-
vated by an addition problem. Both types of tasks could,
however, add noise to working memory or displace list-
relevant information.The temporary loss of context of the
study list might induce subjects to adopt a more liberal cri-
terion for a subsequent test probe.

In the revelation task, subjects are interrupted during
the course of the test list. These interruptionsmight cause
subjects to forget their criterion setting or the information
or study context that the criterion setting is based on. When
the probe is then presented, subjects must try to reestab-
lish the list context and set a decision criterion. We assume
that this process is not fully completed for the first recog-
nition decision following the unrelated task, and, faced
with a decision of uncertain difficulty, subjects adopt a
more liberal criterion as a consequence. When the study
context is more fully reinstated for subsequent intact
recognition tests, subjects are able to set a more appropri-
ate criterion.

This criterion-flux explanation is supported by the b0D
analyses conducted for all the present experiments. Every
single condition that induced the revelation effect also ex-
hibited a significant and quite substantial drop in the
criterion-placement estimate. Criterion flux can also pro-
vide a reasonable account of all the present findings.Both
additionand anagram problem tasks would be expected to
give rise to the revelation effect, since both tasks would be
sufficiently demanding to displace the list-relevant infor-
mation from working memory. Two problem tasks would
not generally result in a larger effect than only one pre-
ceding task, because, usually, one task would be sufficient
to displace list context from working memory.

The greatest challenge for familiarity-based explana-
tions of the revelation effect is the fact that a wide range
of interpolated tasks have been shown to produce the ef-
fect.Watkinsand PeynirciogÏlu (1990) first demonstratedthat
a variety of problem-oriented tasks involving the probe
item produce the revelationeffect. Westerman and Greene
(1998) went on to show that a variety of tasks unrelated to
the probe (e.g., memory-span, synonym-generation,letter-
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counting, anagrams of nonwords) can also produce the
revelation effect. The present study extends the generality
of the revelation effect to include numeric addition prob-
lems. The processes and patterns of activation that are in-
voked by these quite different tasks do not have any
straightforward relation to the probe or, indeed, to the in-
formation encoded from the study list more generally. Ac-
cording to the criterion-fluxinterpretation,any interpolated
task that is sufficiently demanding of cognitive resources
to displace list-relevant information from working mem-
ory should serve to produce the revelation effect. The
criterion-flux account, thus, offers a simple and parsimo-
nious alternative to familiarity-based explanations as to
why interrupting recognition memory with an unrelated
and irrelevant task serves to increase the likelihood of an
“old” response to the subsequent test probe.
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NOTES

1. A9, like d9, is an estimate of discriminability that is theoretically in-
dependent of the decision criterion. A9 varies from 0 to 1, with .5 repre-
senting chance performance. A9 is equivalent to percent correct on a two-
alternative forced-choice recognition test. A9, in contrast to d9, is a
slightly better measure of discriminability when criterion changes occur
(Donaldson, 1993). b0D is the measure of the decision criterion associ-
ated with A9 and ranges from 21 to 1. Positive values reflect conserva-
tive performance, and negative values indicate liberal responding.

2. We thank Deanne Westerman for pointing this out to us.
3. The paired-sample t test values for b0D in Experiment 5 were as fol-

lows: t(32) = 4.07 (single anagram); t(32) = 3.92 (double anagram);
t(32) = 4.01 (single math); and t(32) = 4.21 (double math).
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revision accepted for publication July 16, 2001.)
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