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Memory for Frequency of Bizarre 
and Common Stimuli: Limitations 

of the Automaticity Hypothesis 

JAMES B. WORTHEN 
JEFFREY D. BAKER 

Department of Psychology 
Southeastern Louisiana University 

SCOTT A. HUTCHENS 
PAUL D. NICODEMUS 

Department of Psychology 
Delta State University 

ABSTRACT. In 2 experiments, the influence of intention to process frequency on accu- 
racy of memory for frequency of bizarre and common sentences was investigated. The 
results from multiple regression analyses indicated that intentional processing increased 
the accuracy of frequency judgments when memory for frequency was tested after a 2- 
min (Experiment 1) and after a 48-hr (Experiment 2) retention interval. Furthermore, the 
results of Experiment 2 indicated that unintentional processors tended to overestimate 
frequencies of bizarre relative to common items after a delay. The implications of the 
results are discussed with regard to L. Hasher and R. T. Zacks’s (1984) automaticity 
hypothesis, human performance, and the accuracy of judgments of frequency of occur- 
rence of unusual events. 

Key words: automatic process, bizarreness effect, frequency encoding, memory for un- 
usual events 

FREQUENCY OF OCCURRENCE INFORMATION plays an integral role in 
several higher order cognitive processes, including knowledge representation 
(Barsalou, 1985; Rips & Collins, 1993; Worthen, Hutchens, Roark, & Gutierrez, 
1998; Worthen & Nakamura, 1995) and decision making (Bacon, 1979; Hash- 
er, Goldstein, & Toppino, 1977; Mumma, 1993; Zajonc, 1968). Fundamental to 
understanding the role of frequency information within the larger cognitive sys- 
tem is the determination of whether frequency judgments are the result of an 
automatic or controlled process. Although a fair amount of research has 
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Worthen, Baker, Hutchens, & Nicodernus 213 

addressed the issue of automaticity of frequency judgments using common mate- 
rials, no previous research has examined the influence of stimulus bizarreness on 
memory for frequency. 

The importance of examining stimulus bizarreness in the context of the auto- 
maticity paradigm is twofold. First, because processing bizarre information 
requires more cognitive resources than does processing common information 
(Hauk, Walsh, & Kroll, 1976; McDaniel &Einstein, 1986; Nappe & Wollen, 1973; 
Worthen, Garcia-Rivas, Green, & Vidos, 2000), a manipulation of stimulus 
bizarreness allows one to determine whether memory for frequency meets a key 
criterion of an automatic process: that the process neither benefits nor suffers from 
fluctuations in the allocation of cognitive resources. Second, the accuracy of mem- 
ory for frequency of bizarre relative to common events may have important impli- 
cations regarding the accuracy of eyewitness testimony and memory-based judg- 
ments in situations in which a witnessed event was unusual, surprising, or both. 

Early research investigating the automaticity of frequency judgments indi- 
cated that memory for frequency remained invariant across levels of a wide vari- 
ety of variables, including age; education; training; psychological state; and, most 
important, effort (see Hasher & Zacks, 1984, for a review). Despite these find- 
ings, several subsequent studies demonstrated fluctuations in the accuracy of fre- 
quency judgments as a function of levels of processing, encoding strategy, or both 
(Greene, 1984, 1986; Maki & Ostby, 1987; Naveh-Benjamin & Jonides, 1985, 
1986). Specifically, these studies indicated that the accuracy of frequency judg- 
ments is enhanced by semantic processing and intentional learning procedures- 
thus suggesting that frequency encoding is not entirely automatic. The notion that 
frequency judgments are influenced by levels of processing raises interesting 
questions regarding the accuracy of frequency judgments of bizarre events. First, 
previous research has consistently demonstrated that more time is required to 
comprehend and image bizarre than common information (Hauk et al., 1976; 
Kroll& Tu, 1988; McDaniel & Einstein, 1986; Nappe & Wollen, 1973; Worthen 
et al., 2000). On the basis of these results, one would expect frequency judgments 
to differ for bizarre and common items only if memory for frequency is the result 
of an effortful (not automatic) process. However, if memory for frequency is the 
result of an automatic process, then the bizarreness of stimuli should have no 
influence on frequency judgments. 

Although the effonful view of frequency encoding clearly predicts differ- 
ences in memory for frequency of bizarre and common information, it is not clear 
whether bizarre or common information should be judged most accurately. More- 
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214 The Journal of General Psychology 

over, no studies specifically designed to investigate memory for frequency of 
bizarre and common stimuli within an automaticity paradigm can be found in the 
literature. However, two studies that address issues related to those addressed here 
suggest that the accuracy of frequency judgments for bizarre and common stim- 
uli differs. First, Williams and Durso (1986) examined frequency judgments for 
categories referenced by either typical or atypical category exemplars. Although 
their atypical exemplars (e.g., duck for the category bird) did not differ from the 
typical exemplars (e.g., robin) in a way that would necessarily be considered 
bizarre or surprising, frequency judgments for categories referenced by atypical 
exemplars were found to be less accurate than frequency judgments for categories 
referenced by typical exemplars. Similarly, Wiggs (1993) found that participants 
made more errors in a frequency judgment task with novel stimuli (Japanese 
ideograms) than in one with common verbal stimuli (English words). Inasmuch 
as category atypicality and novelty are analogous to bizarreness, these findings 
are consistent with the prediction that the bizarreness of an item disrupts memo- 
ry for its own frequency of occurrence. Thus, on the basis of these findings one 
would predict that common frequency judgments would be more accurate than 
bizarre frequency judgments. 

We must note, however, that stimulus type was manipulated between par- 
ticipants in both the Williams and Durso (1986) and Wiggs (1993) studies. 
Thus, there was no possibility of the unusual items actively disrupting memo- 
ry for frequency of the common items within a particular list. The importance 
of the between-groups manipulation is underscored when one considers 
research indicating that the effects of bizarreness are dependent on list compo- 
sition. For example, McDaniel and colleagues (McDaniel & Einstein, 1986; 
McDaniel, Einstein, DeLosh, May, & Brady, 1995) have demonstrated that sev- 
eral effects of bizarreness occur when stimulus type is manipulated within 
groups (using mixed lists), but these effects do not occur in between-groups 
designs (unmixed lists). Furthermore. several studies (DeLosh & McDaniel, 
1996; McDaniel, DeLosh, & Merritt, 2000; McDaniel et al., 1995) have demon- 
strated that order memory for common items is disrupted in lists containing 
both common and bizarre (or unusual) items. If bizarreness disrupts memory 
for frequency in a similar fashion, then one might expect less accurate fre- 
quency judgments for common items than for bizarre items. In keeping with 
this notion, Kroll, Jaeger, and Dornfest (1992) used a within-subjects manipu- 
lation of item type in an investigation of metamemory for common and bizarre 
verbal stimuli and found memory for frequency of bizarre stimuli to be rela- 
tively more accurate than memory for frequency of common stimuli. Specifi- 
cally, Kroll et al. found that participants underestimated the frequency of com- 
mon items to a greater degree than they underestimated the frequency of bizarre 
items. Although Kroll et al. did not manipulate intention to process frequency 
(no participants were aware of the impending frequency memory task), the 
results of their study are consistent with the notion that bizarreness disrupts 
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memory for frequency of common information. However, it should be noted 
that Kroll et al. compared the mean frequency judgment for bizarre items with 
the mean frequency judgment for common items. Thus, judged frequency and 
actual frequency were not directly compared. 

Despite methodological differences, previous research converges on the 
notion of accuracy differences in memory for frequency of bizarre and common 
information. Although this research appears to support an effortful account of 
memory for frequency, further research directly assessing the influence of stim- 
ulus bizarreness within an automaticity paradigm is needed. To remedy this 
need, two experiments incorporating an automaticity paradigm (cf. Hasher & 
Chromiak, 1977) were conducted. In Experiment 1, memory was tested for fre- 
quency of common and bizarre stimuli after a 2-min retention interval; in 
Experiment 2, memory was tested for frequency after a 48-hr retention inter- 
val. In order to treat actual frequency as a continuous variable, the data from 
both experiments were analyzed using multiple regression procedures. In terms 
of significance tests, multiple regression and analysis of variance procedures 
produce identical results when a continuous variable is manipulated in an exper- 
imental design. However, multiple regression is the preferred procedure 
because it provides a more complete analysis of the proportion of variance in 
the dependent variable accounted for by the independent variables (see Pedazur, 
1997, for a discussion). 

EXPERIMENT 1 

In Experiment 1, we used multiple regression procedures to determine the 
utility of intention to process frequency, stimulus bizarreness, and actual fre- 
quency in predicting the accuracy of memory for frequency of occurrence after 
a 2-min retention interval. If frequency judgments are the result of an automatic 
process, as suggested by Hasher and Zacks (1984), then neither intention to 
process nor stimulus bizarreness should account for a significant proportion of 
the accuracy of frequency judgment variance. However, if memory frequency 
is an effortful process. then intention to learn. stimulus bizarreness, or both 
should account for a significant proportion of accuracy variance. 

Method 

Participants 

Forty-eight undergraduate student volunteers drawn from psychology cours- 
es at Delta State University served as participants in Experiment 1 for course 
credit. Twenty-four participants were randomly assigned to the intentional fre- 
quency processing condition, and 24 participants were randomly assigned to the 
unintentional condition. All participants were tested individually. 
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2 I6 The Journal of General Psychology 

Materials 

Three lists of sentences, each containing equal numbers of bizarre and com- 
mon items, were used in this study. The sentences used in our study were drawn 
from materials used in previous bizarreness research (e.g., Worthen et al., 2000). 
Furthermore, the sentences had been previously normed to ensure equivalency 
of average sentence length between item types within each list. An example of 
a bizarre sentence was “The ball captured the instructor with the net.” The com- 
mon form of the same sentence was “The instructor served the ball over the net.” 
Each sentence appeared in either its bizarre form or its common form (not both) 
in each list. Each list contained 6 unique bizarre and 6 unique common sen- 
tences that varied in frequency of occurrence between one and six times. As 
such, each list contained a total of 42 items. All stimuli were presented in the 
middle of a computer monitor, and the order of presentation was randomized 
for each participant. 

The frequency memory test was administered as a pencil-and-paper task. 
Each of the 12 unique sentences appearing on the stimulus list appeared in a ran- 
domized order on the frequency memory test as well as 2 additional sentences (1 
bizarre and 1 common) that had not been presented previously (frequency of 
occurrence = 0). The frequency test sheet contained instructions for the task, and 
a blank space was provided beside each test sentence for participants to record 
their frequency estimate. 

Design 

Each participant was randomly assigned to either an intentional or an unin- 
tentional processing condition. Within each of these conditions, the participants 
were tested for common and bizarre sentences that were presented 0, 1, 2, 3, 4, 
5 ,  or 6 times. Thus, each participant contributed 14 data points to the analysis, 
for a total of 672 analyzable data points. 

Procedure 

The participants were tested individually in a room free from distractions. 
Those in the intentional processing condition were told that they would be 
required to read a series of sentences with the purpose of memorizing the fre- 
quency of occurrence of each sentence. Those in the intentional condition were 
explicitly told that their ability to remember the number of times each sentence 
was presented would be tested. Those in the unintentional condition were told 
that they would be required to read a series of sentences with the purpose of mem- 
orizing each sentence. Thus, the participants in the unintentional condition were 
not informed of the impending frequency judgment task. The participants in both 
conditions received both oral and written instructions. 
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After the participants were properly instructed, they were presented with the 
42 stimulus sentences. Each sentence appeared in the middle of a computer 
monitor for a total of 8 s. After all sentences had been presented, the participants 
in both processing conditions solved simple math problems for 2 min. After the 
2-min distractor task, each participant was presented with a sheet of paper con- 
taining the 12 unique stimulus sentences presented previously as well as 1 com- 
mon and 1 bizarre sentence that had not been presented previously. Each par- 
ticipant was then instructed to place a number in the blank space beside each 
sentence corresponding to the frequency with which each sentence had been pre- 
sented in the previous phase of the experiment. The participants were made 
aware that any given sentence appearing on the test sheet may or may not have 
been presented in the earlier phase of the experiment. After a frequency judg- 
ment had been made for all 14 test sentences, the participants were debriefed 
and then dismissed. 

Results and Discussion 

We scored accuracy of memory for frequency by taking the absolute value 
of the difference between the actual and judged frequency (Williams & Durso, 
1986). However, because this method of scoring results in a measure that is insen- 
sitive to the direction of error, potentially interesting patterns of differences 
between item types may have been obscured. For example, the Williams and 
Durso accuracy measure would not be sensitive to a situation in which one item 
type is chronically overestimated and the other item type is chronically underes- 
timated. Thus, to investigate the possibility of directional differences in frequen- 
cy judgments, we also analyzed the raw frequency judgments. We used standard 
multiple regression analyses to ascertain both the accuracy scores and raw fre- 
quency judgments. For the purposes of these analyses, processing condition was 
dummy coded such that 0 equaled intentional processing and 1 equaled uninten- 
tional processing. Similarly, item type was dummy coded such that 0 equaled 
bizarre and 1 equaled common. Actual frequency and both criterion variables 
were treated as continuous variables. To correct for violations of homoscedastic- 
ity resulting from ceiling effects for judgments when the actual frequency was 
zero, we included only judgments for actual frequencies of 1-6 in each analysis. 
As such, each participant contributed 12 data points, resulting in a total of 576 
data points in each analysis. The mean frequency judgment for bizarre and com- 
mon items at each level of actual frequency in both processing conditions can be 
found in Table 1. 

Accuracy Scores 

Actual frequency, processing condition, and item type were entered into a 
standard multiple regression analysis as predictors of accuracy scores. (Prelimi- 
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TABLE 1 
Mean Raw Frequency Judgments for Common and Bizarre 

Items at Each Level of Frequency Under Intentional and 
Unintentional Frequency Processing Conditions in Experiment 1 

Actual frequency 
Processing condition 1 2 3 4 5 6 

Intentional processing 
Bizarre 0.96 2.58 3.21 4.83 5.25 5.67 
Common 1.25 2.62 4.00 4.58 5.21 5.54 

Bizarre 1.79 3.04 4.00 4.75 5.25 6.00 
Common 1.54 3.17 3.67 4.92 5.58 5.96 

M 1.38 2.85 3.72 4.77 5.32 5.79 

Unintentional processing 

nary analyses indicated that the inclusion of interaction terms did not contribute 
significantly to the predictability of the model.) The analysis indicated that a sig- 
nificant proportion of accuracy variability was accounted for by a combination of 
the predictor variables, F(3,572) = 9.59, p < .0oO1, R2 = .05. Further analysis indi- 
cated that only actual frequency, r(575) = 4.59, p < .OOOl, and processing condi- 
tion, r(575) = 2.72, p c .01, contributed uniquely to the prediction of accuracy 
scores. The results indicate that frequency judgments became less accurate as actu- 
al frequency increased and that intentional processors were more accurate than 
unintentional processors. The latter finding suggests that memory for frequency is 
influenced by effort and is thus not entirely the result of an automatic process. 

Raw Frequency Judgments 

The same pattern of results found with accuracy scores was found in the 
analysis of raw frequency judgments. Specifically, the combination of actual 
frequency, processing condition, and item type variables accounted for a signif- 
icant proportion of raw frequency judgment variance, F(3, 572) = 157.04, p < 
.OOOl, R2 = .45, and only actual frequency, ~(575) = 21.57, p < .OOOl, and pro- 
cessing condition, r(575) = 2.39, p < .05, contributed uniquely to the prediction 
of those judgments. The former finding indicates that estimated frequency 
increased as actual frequency increased, whereas the latter finding indicates that 
unintentional processors overestimated frequency to a greater degree than inten- 
tional processors. 

The results of this experiment argue against the notion put forth by previous 
researchers (e.g., Hasher 8z Zacks, 1984; Zacks, Hasher, & Hock, 1986) that 
memory for frequency is the result of a fully automatic process. Contrary to the 
automaticity hypothesis, the accuracy of frequency judgments was influenced by 
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intention to process frequency such that memory for frequency was more accu- 
rate when the participants intended to process frequency information than when 
they were not intending to process frequency. Moreover, the results of the present 
experiment suggest that the inaccuracy associated with unintentional processing 
of frequency is the result of overestimation of frequency relative to intentional 
processing. 

Experiment 1 failed to support the notion that stimulus bizarreness signifi- 
cantly influences the accuracy of frequency judgments, their direction, or both. 
Despite these null findings, it is possible that some of the effects of bizarreness 
on memory for frequency were moderated by the use of a short retention inter- 
val. Several studies (Worthen & Wood, 2001a, 2001b) have demonstrated dis- 
ruptive effects of bizarreness after a delay. Specifically, Worthen and Wood 
(2001% 2001b) have demonstrated that memories for bizarre stimuli are more 
susceptible to distortion and memory bias than memories for common stimuli 
after a 48-hr retention interval. Thus, we designed Experiment 2 to explore the 
possibility that bizarreness has an influence on memory frequency after a 48-hr 
retention interval. 

EXPERIMENT 2 

Method 

Participants 

Forty-eight undergraduate student volunteers drawn from psychology cours- 
es at Delta State University served as participants in Experiment 2 for course 
credit. Twenty-four participants were randomly assigned to the intentional fre- 
quency processing condition, and 24 participants were randomly assigned to the 
unintentional condition. None of the participants tested in Experiment 2 were also 
tested in Experiment 1. All participants were tested individually. 

Materials, Design, and Procedure 

All aspects of Experiment 2 were identical to those of Experiment 1 except 
that in Experiment 2 memory frequency was tested 48 hr after the presentation 
of stimuli. Also, the distractor task (mathematics problems) used in Experiment 
1 was not used in Experiment 2. 

Results and Discussion 

As in the previous experiment, we used standard multiple regression proce- 
dures to analyze accuracy scores and raw frequency judgments for actual fre- 
quencies 1-6. As in Experiment 1, judgments for actual frequencies of 0 were 
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omitted because the inclusion of those data caused a violation of the assumption 
of homoscedasticity. The mean frequency judgment for bizarre and common 
items at each level of actual frequency in both processing conditions can be found 
in Table 2. 

Accuracy Scores 

Standard multiple regression analysis of actual frequency, processing condi- 
tion, and item type as predictors of accuracy scores indicated that a significant 
proportion of accuracy variability was accounted for by a combination of the pre- 
dictor variables, F(3,572) = 9.02, p < .0001, R2 = .05. Further analysis indicated 
that actual frequency, r(575) = 2.44, p c .02, processing condition, r(575) = 4.12, 
p < .OOOl, and item type, t(575) = -2.04, p < .05, each contributed uniquely to 
the prediction of accuracy scores. Like the results obtained after immediate test- 
ing, accuracy of frequency judgments made after a 48-hr delay was greater for 
intentional processors than unintentional processors, and the accuracy of fre- 
quency judgments decreased as actual frequency increased. Unlike the results 
obtained after immediate testing, the present results indicated that frequency 
judgments for common items were more accurate than frequency judgments for 
bizarre items after a 48-hr retention interval. 

Raw Frequency Judgments 

Preliminary analyses indicated that the inclusion of the Processing Condi- 
tion x Item Type interaction significantly increased the predictability of raw fre- 
quency judgments above and beyond that which was predicted by the combina- 
tion of actual frequency, processing condition, and item type. The final model 
(including the three predictor variables and the interaction term) accounted for 

TABLE 2 
Mean Raw Frequency Judgments for Common and Bizarre 

Items at Each Level of Frequency Under Intentional and 
Unintentional Frequency Processing Conditions in Experiment 2 

Actual freauencv 
Processing condition 1 2 3 4 5 6 

Intentional processing 
Bizarre 1.42 2.62 3.04 3.83 5.00 4.42 
Common 0.96 2.17 3.25 4.21 4.62 5.33 

Bizarre 2.71 2.96 3.29 5.17 5.62 5.50 
Common 1.04 3.46 2.83 4.42 4.54 4.88 

M 1.53 2.80 3.10 4.41 4.94 5.03 

Unintentional processing 
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a significant proportion of raw frequency judgment variance, F(4,57 1) = 73.50, 
p < .OO01, R2 = .34. Confirming the results of Experiment 1, actual frequency 
contributed uniquely to the prediction of raw frequency judgments, f(575) = 
16.55, p < .OOOl, after a 48-hr retention interval. Furthermore, both processing 
condition, ~(575) = 3.26, p < .005, and the Processing Condition x Item Type 
interaction, ~(575)  = -2.40, p c .02, contributed uniquely to the prediction of raw 
frequency estimates. Also confirming the results of Experiment 1, the unique 
contribution of processing condition indicated that unintentional processors 
overestimated frequency relative to intentional processors after a delay. Further 
analysis of the Processing Condition x Item Type interaction indicated that unin- 
tentional processors overestimated bizarre relative to common frequencies, 
t(575) = -2.83, p < .01, but bizarre and common judgments did not significant- 
ly differ for intentional processors. 

Overall, the results of Experiment 2 indicate that intention to process fre- 
quency increases accuracy of frequency judgments in lists containing bizarre and 
common materials even after a 48-hr delay. This finding confirms the finding of 
Experiment 1 and is inconsistent with the notion that memory frequency is the 
result of a fully automatic process. Moreover, the present findings support previ- 
ous research (Greene, 1984, 1986; Williams & Durso, 1986) that has demon- 
strated an influence of intentional processing on memory for frequency. 

The present results also suggest that the bizarreness of stimuli influences 
memory for frequency after a substantial retention interval. Specifically, 
frequency judgments for bizarre stimuli were significantly less accurate than fre- 
quency judgments for common stimuli, even after the influence of actual fre- 
quency and processing condition was statistically controlled. Thus, the difference 
in accuracy between common and bizarre frequency judgments was found regard- 
less of whether participants were intending to process frequency information. 

Perhaps the most interesting finding regarding the inaccuracy of bizarre fre- 
quency judgments is the pattern of results from the analysis of raw frequency 
judgments in the present experiment. Analysis of the Processing Condition x Item 
interaction indicated that bizarre judgments were overestimated relative to com- 
mon judgments (and actual frequencies) when the participants were not intend- 
ing to process frequency. This pattern of overestimation of the frequency of 
bizarre information may be explained by spontaneous elaboration induced by 
unusual experiences. Because of its unusual nature, one may rehearse bizarre 
information more frequently than common information in an effort to compre- 
hend fully its meaning and relations to other experiences (cf. Merry & Graham, 
1978; Wonhen et a]., 2000). Thus, the overestimation of the frequency of bizarre 
items for unintentional processors may be the result of a summation of actual fre- 
quency and clandestine rehearsals. This explanation is supported by previous 
research (e.g., Johnson, Taylor, & Raye, 1977) that has demonstrated that covert 
rehearsals can lead to the overestimation of frequencies for overt events. More- 
over, to the extent that this explanation is correct, the present results offer a caveat 
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regarding the accuracy of frequency judgments for bizarre events. That is, one 
may inflate frequency judgments for a given bizarre event by mentally “reliving” 
the bizarre experience. 

Another possibility is that the overestimation of the frequency of bizarre 
items is a result of greater availability of bizarre than common items at retrieval 
(cf. Tversky & Kahneman. 1973). This explanation suggests that specific 
instances of stimuli are retrieved during frequency estimation and that frequency 
estimates are influenced by the number of common and bizarre instances 
retrieved. Thus, bizarre items are overestimated to the extent that they are more 
easily retrieved from memory. This explanation has gained support from studies 
by Riefer and Rouder (1992) and Worthen and Loveland (2001b), who each 
examined rates of free and cued recall for bizarre and common information and 
subsequently concluded that bizarre information has a retrieval advantage over 
common information. 

Although it is quite possible that the overestimation of bizarre frequencies is 
explained by both additional spontaneous elaboration and the use of an avail- 
ability heuristic, the latter explanation may have some advantages over the for- 
mer. First, unlike the additional-elaboration explanation, the availability-heuris- 
tic explanation of the overestimation of bizarre frequencies can easily explain 
why the overestimation of bizarre frequencies does not occur for those intending 
to process frequency. That is, because unintentional processors are unaware that 
memory for frequency will be tested, we can assume that they do not invoke a 
strategy to encode such information and are thus more likely than intentional 
processors to rely on heuristics (such as availability) at testing. Importantly, the 
notion that reliance on heuristics is less likely when another strategy is available 
(as would be the case for intentional learners) is in keeping with previous research 
(e.g., Pratkanis, 1989). Second, the availability-heuristic explanation can also 
account for the fact that overestimation of bizarre frequencies occurred only with 
delayed testing. Previous research (O’Brien & Wolford, 1982; Webber & Mar- 
shall, 1978) suggests that the facilitative effects of bizarreness on memory may 
be enhanced by delayed testing. Consistent with the availability-heuristic expla- 
nation, overestimation of bizarre frequencies was found in the present study when 
memory for frequency was tested after 48 hr, but not when memory for frequen- 
cy was tested after 2 min. However, despite this evidence in support of the avail- 
ability-heuristic explanation over the additional-elaboration explanation, further 
research is needed before either explanation of the overestimation of bizarre fre- 
quencies can be conclusively accepted or abandoned. 

GENERAL DISCUSSION 

Overall, the results of the present research suggest that memory for frequency 
is not the result of a fully automatic process. Results from both of the experiments 
reported here indicate that those intending to process frequency made fewer errors 
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than those not intending to process frequency. These results suggest that memo- 
ry for frequency information is more durable when frequency is encoded with 
intention than when it is encoded unintentionally. Moreover, these findings sug- 
gest that the criteria for automaticity set forth by Hasher and Zacks (1984) were 
not met in the present investigation. Specifically, Hasher and Zacks stated that 
information encoded automatically is “no different than when intention is acti- 
vated” (p. 1373). Clearly, the accuracy results reported here suggest that memo- 
ry for frequency involves some degree of effortful processing. 

The results of the present study also provide important information regard- 
ing the accuracy of memory for bizarre events. In keeping with findings from 
other recent research (Worthen & Loveland, 2001a; Worthen & Wood, 2001a. 
2001 b) the present study reveals a disruptive influence of bizarreness on rnemo- 
ry. Specifically, the results presented here suggest that frequency judgments for 
bizarre stimuli may be less accurate than judgments for common stimuli after a 
substantial retention interval. Furthermore, the present results indicate that those 
not intending to process frequency may overestimate frequencies of bizarre 
events when delayed memory is tested. The overestimation of bizarre frequencies 
was most likely caused by the summation of frequencies resulting from actual 
occurrences and spontaneous rehashing of the bizarre experience, the greater 
availability of bizarre information at retrieval, or both. The overestimation of 
bizarre relative to common frequencies found in the present study emphasizes an 
important limitation regarding the accuracy of memory for frequency of unusual 
events. Specifically, the frequency of unusual events may become increasingly 
overestimated as time elapses between the actual occurrences and the subsequent 
judgment. Given that previous research (e.g., O’Brien & Wolford, 1982; Webber 
& Marshall, 1978) has also demonstrated an interaction between bizarreness and 
retention interval, further research investigating the relationship between these 
variables is needed. 

Finally, the results of both experiments indicate that, although frequency esti- 
mates were positively correlated with actual frequencies, the accuracy of fre- 
quency judgments decreased as actual frequency increased. This finding provides 
useful information regarding human performance in frequency tracking tasks. 
Specifically, these results suggests that, although both intentional and uninten- 
tional frequency judgments are sensitive to actual frequency, the accuracy of such 
judgments may be limited to relatively low actual frequencies. 
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