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Abstract
A common ﬁnding in judgment and decision making is that peopleÕs frequency judgments
often fail to map onto objective frequencies. The present research examined the possibility that
one source of bias in frequency judgment is attributable to peopleÕs inability to screen out
irrelevant memory traces. We used a two-list source-monitoring paradigm to investigate
whether frequency judgments are inﬂuenced by ‘‘extra-experimental’’ experiences and whether
enhancing source monitoring improves judgment accuracy. Across four experiments we found:
(1) frequency judgments regarding one list were biased by the second, (2) manipulating encoding between lists improved source monitoring and resulted in more accurate judgments, (3)
manipulating item context between lists improved source monitoring and resulted in more accurate judgments, but only when the context was item speciﬁc, and (4) manipulating simplebackground context between lists was ineﬀective at improving source monitoring.
Ó 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction
Many real world estimation tasks require participants to discriminate diﬀerent
sources of information. For example, imagine that you learn a contingency between
variables A and B in context X , and a diﬀerent (e.g., opposite) contingency between A
and B in context Y . In judging the contingency between A and B, it is advantageous to
discriminate the sources of the two relationships, since the accuracy of your judgment
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depends crucially upon it. For example, your judgment in context X ought to be based
on your observations of A and B in that context, without regard for the relationship in
context Y . The case is similar for judgments of frequency. Since frequentistic information often co-varies with context (e.g., shark attacks are greater in Florida than in
Maine, etc.), judged frequency ought to be context dependent. A failure to completely
discriminate between frequencies learned in diﬀerent contexts might be one source
of bias found in frequency judgments.
Tversky and Kahneman (1973) proposed the availability heuristic as a descriptive
account of how people make frequency and probability judgments. The essence of
their account was that ‘‘ease of retrieval’’ could be used as a surrogate for assessing
frequency or probability: judged frequency was assumed to be based on how easily relevant exemplars could be generated from memory. Because ease of retrieval was
assumed to be aﬀected by factors unrelated to objective frequency, frequency judgments often deviated systematically from objective frequency. For example, making
rare events more salient could increase participantsÕ perceived frequency of occurrence
of the rare events, because increasing salience leads to increased availability. For example, in one study on the availability heuristic Tversky and Kahneman (1973, see
also Lewandowsky & Smith, 1983) presented participants with a list of 39 names,
19 of which corresponded to famous males and 20 of which corresponded to less famous females. At test, participants were asked whether the list contained more male
or female names. Eighty-one percent of the participants erroneously believed the list
contained more male names than female names. Tversky and Kahneman proposed
that the famous names were judged as more frequent because they were easier to retrieve from memory than were the less famous names, resulting in an availability bias.
While research investigating the availability heuristic certainly led to a better understanding of the factors aﬀecting frequency and probability judgments, little progress was made in specifying the processes underlying availability and biased
frequency judgments (Sedlmeier, Hertwig, & Gigerenzer, 1998). Indeed, our review
of the literature revealed several interpretations of the term ‘‘availability’’, including
number of instances retrieved in a short period of time (Tversky & Kahneman,
1973), subjective ease of retrieval (Schwarz et al., 1991), and familiarity (Dougherty,
Gettys, & Ogden, 1999; Hintzman, 1988). Thus, stating that judgments were made
via the availability heuristic fails to explicate the underlying cognitive processes,
since any one of several ‘‘availability-type’’ processes could be used.
Dougherty et al. (1999) proposed a novel interpretation of the results of the famous names study presented above in terms of Minerva-DM, an adaptation of a global matching model to account for frequency and probability judgments, and the
source-monitoring framework. 1 They showed that the results of the famous names
1

The global matching perspective is one whereby all traces in long term memory contribute at the time
of judgement. However, the degree of match between the cue used at test and memory traces aﬀects how
much each individual trace contributes to the overall output. Traces learned prior to an experiment will
tend to contribute little to output, partly because of factors that might aﬀect how well those traces are
stored in memory (decay) and because many of these ‘‘extra-experimental’’ traces will tend to have
diﬀerent-context components. Both of these factors reduce the overall match between the cue and trace,
and hence the degree to which extra-experimental traces contribute to the overall output.
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study were consistent with an account in which participants failed to completely discriminate between names learned during the experiment and those learned prior to
the experiment. Although participants were presented with only 19 famous names,
they likely had experienced each of the famous names hundreds of times prior to
the experiment (e.g., the name John Wayne was likely experienced many times prior
to the experiment), but had experienced the less famous names only a few times prior
to the experiment. In fact, Dougherty et al. (1999) examined the citation frequencies
in a major newspaper database (Chicago Tribune, New York Time, and Washington
Post) for a set of highly famous names (famous actors) and a list of less famous
names (less known actors). The ratio of citations for famous male actors to less famous male actors was 48:1. For famous female actors and less famous female actors
the ratio was 26:1. Thus, when judging the frequency of the famous names, their
judgments could have been inﬂuenced, at least to some degree, by their pre-experimental experiences of the famous names. The inability to completely screen out
pre-experimental traces would be due to a failure of accurate source monitoring.
Johnson, Hashtroudi, and Lindsay (1993) and Johnson and Raye (1981) proposed
the source-monitoring framework to understand how people distinguish between difference sources of information. Source monitoring is an extension of the reality monitoring framework (Johnson & Raye, 1981), which was developed to study how
people distinguish internally generated memories (e.g., the imagining of an event)
from externally generated memories (e.g., the actual experiencing of an event). Johnson et al. (1993) proposed that source and reality monitoring decisions are made on
the basis of characteristics of memory traces, such as the perceptual, contextual, or
semantic details, or details about the aﬀective state or cognitive operations present
during storage of the trace. Source-monitoring processes enable people to discriminate between diﬀerent subsets of memories on the basis of contextual features (e.g.,
color, spatial, and temporal details) or features about the cognitive operations used
at encoding (e.g., rehearsal strategies; Henkel, Franklin, & Johnson, 2000; Johnson
et al., 1993).
Relatively few studies have directly examined source-monitoring processes in
judgment tasks. Johnson, Taylor, and Raye (1977) examined peopleÕs ability to discriminate frequency information based on external sources (words occurring on lists
of words that were studied) from internal sources (items that had been recalled from
the lists across successive trials). They found that judgments of how often words occurred on the lists (the external source) were inﬂuenced by how often those words
had been recalled during a memory test (the internal source). Participants gave higher frequency judgments for items that had been recalled more often on successive recall tests, suggesting that they failed to complete discriminate between traces that
were self-generated and traces resulting from study sessions. More recently, Hockley
and Cristi (1996) revealed that participantsÕ estimates of how often words had occurred as part of a word pair were relatively unaﬀected by how often that word
had occurred as a singleton. Hockley and Cristi suggested that source-monitoring
processes might enable participants to distinguish between diﬀerent sources of frequency information, in particular associative and non-associative frequency information.
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One way to conceptualize how source-monitoring processes might operate is in
terms of a multiple-trace memory model (Dougherty et al., 1999; Hintzman,
1988). According to the multiple-trace view, each experienced event is encoded as
a separate memory trace in memory. Thus, each trace in memory can include features that correspond to the to-be-judged item, contextual information, and features
of the encoding processes. These contextual and encoding features can serve as cues
that can be used to separate out diﬀerent subsets of information in memory. For example, imagine that you learn a contingency between variables A and B in context X ,
and a diﬀerent contingency between A and B in context Y . Judgments of the contingency between A and B would be highly inaccurate if contextual information were
ignored. However, if context information could be used to discriminate between
those instances in which A and B occurred together in context X versus when they
occurred together in context Y , then judgments should be much more accurate.
One way to achieve context discrimination in the above task is to assume a twopart conditional memory process, where the ﬁrst stage involves the discrimination of
events that occurred in the two diﬀerent contexts. For example, one could probe
memory with context X to activate all traces in memory that have an ‘‘X ’’ component. The second stage of the process would involve assessing the contingency
between A and B among only those traces that occurred in context X . Thus, contextual information serves as the cue for separating instances of A and B occurring together in context X from those occurring in context Y . The accuracy of participantsÕ
judgments should depend, to some extent, on how well they can discriminate between context X and context Y . According to source-monitoring theory, any variable
that enhances the diﬀerences between those events (e.g., contextual diﬀerences or differences in encoding operations), should in turn improve judgment accuracy. Such a
two-stage process is embodied in recent applications of memory models, such as
Dougherty et al.Õs (1999) Minerva-DM model and Shiﬀrin and SteyversÕs (1996)
REM model.
The purpose of the present research was to examine bias in frequency judgment
within the context of source-monitoring processes. We wished to examine whether
one source of bias in frequency judgment, which is often attributed to use of the
availability heuristic, might be due to failures in source monitoring. We also wished
to examine whether taking steps to enable better source monitoring might decrease
the amount of bias. Our goal was to shed light on the processes that might mediate
biased frequency judgments often reported in the judgment and decision making
literature.
The source-monitoring framework suggests that people should be able to discriminate between diﬀerent sources of frequentistic information––whether a particular
event is more frequent in one context or another––and that factors that improve
source monitoring should reduce the extent to which items learned in one context affect judgments of frequencies for items learned in a diﬀerent-context (cf. Begg, Maxwell, Mitterer, & Harris, 1986). Two factors that should improve source monitoring
are: (1) the dissimilarity of the contexts and (2) diﬀerences in encoding operations
between two sources of items (Johnson et al., 1993). In essence, these two variables
increase the discriminability of the cues used to separate two sources of information.
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Source monitoring should be better when the contexts in which two sets of items are
learned diﬀer considerably, and when the cognitive operations used to encode the
items diﬀers between the two contexts (even if the perceptual characteristics of the
contexts are identical). In general, source monitoring capitalizes on the diﬀerences
between the sources of memory traces: anything that can be used to discriminate
the source of memory traces is valuable to the source-monitoring process. Thus, if
contexts between two-lists of items diﬀer, the source-monitoring process can use contextual diﬀerences to diﬀerentiate source. If the encoding operations diﬀer for twolists of items, then the source-monitoring process can use this information as a
means of diﬀerentiating source. Thus, cross-context contamination should be minimized when contexts diﬀer and when the encoding operations between two-lists
diﬀer.

2. Overview of experiments
In the present set of experiments, we examined frequency judgments using a twolist paradigm. Each experiment was divided into three phases: (1) a varied-frequency
list study session (hereafter known as varied list), (2) a constant frequency list study
session (hereafter known as constant-list), and (3) frequency judgment test. The
varied-list is analogous to what might be called extra-experimental experiences, experiences learned prior to, or after the to-be-judged items were learned. Participants
assessed the frequency of targets from the constant-list.
2.1. General method
2.1.1. Materials
Varied and constant-lists were constructed from the Batting and Montague (1969)
and Toronto Word Pool (Friendly, Franklin, Hoﬀman, & Rubin, 1982) word norms.
Single words were displayed in large black font in the middle of the computer screen
for Experiments 1a, 1b, and 3 with a simple-visual background used as context
information whereas word pairs were used in Experiment 2 with the second word
in the pair explicitly deﬁned as context information.
Varied-list: This list consisted of target and ﬁller words. Two target words were
allocated per frequency (0, 2, 4, 8, and 16) and counterbalanced across level of frequency, such that across participants, each target occurred equally often in each level
of varied frequency.
Constant-list: This list consisted of target and ﬁller words. The targets were identical to those presented in the varied-list and always appeared with a frequency of 4
on this list.
2.1.2. Procedure
The experimental sequence was constructed so that the varied-list preceded the
constant-list (except where noted) with a brief distractor task implemented after
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each list. At the beginning of each list, participants were informed that their memory
for the words would be tested at a later juncture in the experiment, and speciﬁc
instructions for remembering each list was provided. Additionally, they were notiﬁed
that there were several parts to the experiment; however, they were unaware that
they would see multiple lists.
At test, participants were instructed to estimate the frequency that each target occurred on the constant-list. They were instructed that their frequency estimate should
be for the constant-list only. The function keys on the computer keyboard were labeled with numbers 1 through 12. Participants made their judgment by pressing one
of these labeled keys.
The amount of bias in participantsÕ judgments can be illustrated by the degree to
which their estimates deviated from the true frequency of 4 as a function of the number of varied-list frequency exposures. We hypothesized that the amount of bias exhibited by participants would be aﬀected by the number of times the target item
occurred in the varied list, which should manifest in a signiﬁcant judged frequency
by varied frequency trend: participants should be more biased as the frequency of
varied-list exposure increases. Additionally, in accord with the source-monitoring
framework, we hypothesized that increasing the dissimilarity between the varied-list
and target list context should lead to more accurate judgments. In Experiments 1a
and 1b, we examined whether manipulating background context aﬀected the ability
to monitor targets in each list. In Experiment 2, linguistic context (using word pairs)
was manipulated to demonstrate how verbal context facilitates the ability to monitor
targets between the two-lists. In Experiment 3, we examined to what degree encoding
strategy aﬀected monitoring between lists. According to the source-monitoring
framework, both contextual features and features of the encoding operations are
used in source-monitoring decisions (Johnson et al., 1993). Thus, we predicted that
judgment accuracy would be best when contextual features diﬀered between lists and
when encoding operations diﬀered between lists.

3. Experiment 1a
The purpose of Experiments 1a and 1b was twofold. First, we sought to examine
the extent to which participantsÕ judgments might be biased by items learned prior
to the to-be-judged items. Previous research using a two-list paradigm has demonstrated that discrimination is reduced for conditions where targets are presented in
both lists, however, participants are able to recall frequencies for List 1 despite the
fact that the same words were presented in List 2 (Reichardt, Shaughnessy, &
Zimmerman, 1973). Second, assuming that such a ﬁnding holds, we wanted to examine whether simple-visual background context aﬀected participantsÕ ability to
discriminate between items from the varied and constant-lists. In both experiments
participants studied the varied and constant-lists with either the same background
contexts or diﬀerent background contexts. In Experiment 1a, participants were
given as much time as needed to respond with their frequency judgment. In Experiment 1b participants were instructed to respond as quickly as possible and to give
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their ﬁrst impression. In both cases, we hypothesized that participants who studied
the two-lists with the same background context would show more bias than participants who studied the two-lists with diﬀerent background contexts because source
discrimination should be better in the diﬀerent-context condition. Thus, the diﬀerent background context condition should be less inﬂuenced by the varied-frequency
list.
3.1. Method
3.1.1. Participants
Thirty-ﬁve undergraduates at the University of Maryland participated in the experiment and received partial credit towards fulﬁllment of course requirements.
3.1.2. Materials
All words were displayed on one of two background contexts: context 1 consisted
of a green and yellow geometric background and context 2 consisted of a gray background with a thin red border. The varied-list consisted of 10 target words (two per
frequency) and 22 ﬁller words presented once. Varied-list words were displayed using
context 1. For the constant-list, all targets were presented with a frequency of 4 with
16 ﬁller words presented once. Constant-list words were displayed on either context
1 or context 2 background.
3.1.3. Design and procedure
The design was a 2 (constant-list context: same, diﬀerent)  5 (varied-list frequency: 0, 2, 4, 8, or 16) mixed factorial. Constant list context was manipulated between participants and varied-list frequency was manipulated within participants.
For both lists, participants were instructed to read each word as it appeared on
the screen and word presentation was self-paced. The varied-frequency list context
was identical for all participants. In the constant-list, participants were randomly assigned to one of two conditions: same-context (n ¼ 18), or diﬀerent-context (n ¼ 17).
The same background was used for both the varied and constant-lists in the samecontext condition whereas the diﬀerent-context condition viewed the varied-list with
context 1 and constant-list with context 2.
At test, all target words were presented using the constant-list background (context 1 for the same condition, and context 2 for the diﬀerent condition). For the frequency judgment, there was no restriction placed on response time, although most
participants responded within 5–8 s.
3.2. Results and discussion
The 0-frequency condition was included in our design as a control condition to
ensure that participantsÕ judgments of items that did not occur on the variedfrequency list were unaﬀected by our manipulation. In this experiment, as well as

30

M.R.P. Dougherty, A.M. Franco-Watkins / Acta Psychologica 113 (2003) 23–44

all the remaining experiments, judgments for 0-frequency items were never aﬀected
by our independent variables, in this case background context similarity, all
pÕs > 0:20 across all experiments. As a consequence, we choose to analyze the 0frequency items separately from the 2, 4, 8, and 16 frequency conditions. This also
allows for a straightforward interpretation of the interaction terms of the ANOVA,
since we can be certain that any interactions would not be due solely to the null eﬀect
in the 0-frequency condition and additive aﬀect for the remaining conditions.
Fig. 1a presents the mean frequency judgments for targets presented during the
constant-list. Consistent with our hypothesis, participantsÕ judgments of the constant-list items were aﬀected by the varied-list exposures. Overall, there was a
main eﬀect of the varied-list on judged frequency F ð3; 31Þ ¼ 6:53, p < 0:05. However
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Fig. 1. (a) Top panel: mean estimated frequency and SEM of constant-list as a function of varied-list frequency and background context (without speeded judgment). (b) Bottom panel: mean estimated frequency
and SEM of constant-list as a function of varied-list frequency and background context (with speeded
judgment).
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neither the main eﬀect of context nor the interaction of frequency  context were signiﬁcant, F ð1; 31Þ ¼ 0:23, and F ð3; 31Þ ¼ 0:20, p > 0:05, respectively. Trend analyses
revealed a signiﬁcant linear trend due to varied frequency, F ð1; 33Þ ¼ 20:03, p < 0:05
(x2 ¼ 0:35), but the linear trend did not diﬀer between same and diﬀerent-contexts.
Thus, contrary to our initial hypothesis, background context similarity did not aﬀect
the degree to which participantsÕ estimates were biased by the varied-list.
In addition to collecting frequency judgments, we also collected reaction times
(RTs) for the frequency judgments. In a recent series of papers, Brown (1995,
1997) proposed a multiple-strategy approach to frequency judgment. Two primary
mechanisms within this framework are the enumeration process and the familiarity
process. Brown demonstrated that people use enumeration under very speciﬁc circumstances. For example, enumeration tends to be used only when the target word
is a category label and the context is an exemplar from the category. Under conditions in which the contexts are not distinct, or when category-exemplars are not used,
participants tend to use a familiarity strategy to assess frequency. Thus, because our
experiment did not contain either category labels or distinct contexts for each presentation, we would not expect enumeration to be used. The RT data are presented in
Table 1. Overall, there was no eﬀect of frequency on RT, context, or a context by
frequency interaction (all pÕs > 0:05). That there was no eﬀect of frequency on
RTÕs indicates that participants were not using an enumeration strategy (Brown,
1995).
Why did context similarity fail to aﬀect judged frequency? One possibility is that
simple-visual background context is a poor cue for discriminating between lists. Because participants saw the same-context over and over, they may become inoculated
against the context and may have not included the background context in the memory trace. It is possible that participants largely ignored the background context after

Table 1
Mean RT data for Experiments 1–4 (ms)
Experiment

Varied-list frequency
0

2

4

8

16

Experiment 1a
Same-context
Diﬀerent-context

3784.3
5136.5

4440.5
4743.4

5202.8
5891.2

4799.6
5049.9

4566.9
5948.9

Experiment 1b
Same-context
Diﬀerent-context

1884.6
1893.0

2212.4
1781.5

2063.5
1837.8

2203.8
1864.1

2075.2
1862.2

Experiment 2
Same-context
Diﬀerent-context

2565.2
2362.5

2611.0
2710.7

2638.1
2633.7

2545.6
2510.8

2590.2
2525.2

Experiment 3
Rote
Elaborative

2141.7
1909.3

2059.1
1844.8

2134.0
1853.3

2321.4
1990.8

2256.4
2224.5
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only a few words. If this were the case, then one would not expect a diﬀerence between the two contexts.
Given that we had predicted diﬀerences between the same and diﬀerent context
conditions a priori, we were surprised that we were unable to ﬁnd such an eﬀect.
Thus, the purpose of Experiment 1b was to replicate this ﬁnding, to ensure that it
was not peculiar to that particular sample of participants. Our only modiﬁcations
were to increase our sample size to increase the power of our statistical test and to
implement a time restriction for responding in the frequency judgment phase. We
implemented the time restriction to prevent participants from engaging in an adjustment strategy. We reasoned that participants might sense that they were inﬂuenced
by the varied-list, and more so when the contexts were identical, and therefore adjust
their estimates downwards. In fact, this might explain our failure to ﬁnd an eﬀect of
context in this experiment: the increase in adjustment could oﬀset any eﬀect context
had on judged frequency. If participants were indeed using metacognitive awareness
to adjust their estimates downwards, we would expect the magnitude of the bias (the
degree to which participants are aﬀected by the varied-list) to increase when participants are required to respond more quickly. Moreover, if the adjustment were greater for the same-context condition, we would expect the diﬀerence between same and
diﬀerent-context conditions (with same > different) to emerge with the time restriction.

4. Experiment 1b
4.1. Method
4.1.1. Participants
Seventy undergraduates at the University of Maryland participated in the experiment and received partial credit towards fulﬁllment of course requirements.
4.1.2. Materials
Varied and constant word lists were identical to those in Experiment 1a.
4.1.3. Design and procedure
The design and procedure were identical to Experiment 1a except for the test
phase instructions. Participants were randomly assigned to either the same
(n ¼ 35) or diﬀerent (n ¼ 35) context conditions. Participants were instructed to
use their ﬁrst impression and respond within 2 s of reading the word on the screen
when making their frequency judgment.
4.2. Results and discussion
Fig. 1b presents the mean judged frequency of targets during the constant-list as
a function of varied-list frequency. Consistent with Experiment 1a, the varied-list
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aﬀected judged frequency: the main eﬀect of frequency was signiﬁcant, F ð3; 66Þ ¼
46:00, p < 0:05. Also consistent with Experiment 1a, there was no eﬀect of context
on judged frequency or a context  frequency interaction, F ð1; 68Þ ¼ 1:11, and
F ð3; 66Þ ¼ 1:13, p > 0:05, respectively. Finally, trend analyses revealed a signiﬁcant
linear trend due to varied-frequency, F ð1; 68Þ ¼ 132:55, p < 0:05 (x2 ¼ 0:64), but
no eﬀect of same versus diﬀerent-context on steepness of the trend.
Analysis of the RT data revealed no eﬀect of frequency, however, participants in
the diﬀerent-context condition responded signiﬁcantly quicker than participants
in the same-context condition, F ð1; 68Þ ¼ 6:93, p < 0:05, which did not interact
with frequency. Yet, for both context conditions, participants managed to respond
closely to our instruction of responding within 2 s of the word being presented on
the screen.
Note that two patterns emerge in comparisons of Fig. 1a and b. First, participants
were much more inﬂuenced by the varied-list in Experiment 1b. For example, in Experiment 1a for varied-list frequency of 16, the mean estimates in the same and different-context conditions were 4.6 and 5.1, respectively. In Experiment 1b the
corresponding estimates were 7.9 and 7.1 for the same and diﬀerent-context conditions. This pattern was consistent across all levels of varied-frequency, including
the 0-frequency words––words that did not even occur in the varied-list. Second,
in contrast to Experiment 1a where participants showed less bias in the same-context
condition, participants showed more bias in the same-context condition in Experiment 1b. Although neither of these last two comparisons was signiﬁcant within experiment, it did suggest that the time restriction exacerbated the degree to which
participants were aﬀected by the varied list. For this reason, we included the time
restriction for responding in our remaining experiments.
Experiments 1a and 1b demonstrated that judgments were biased by the variedlist. However, in neither experiment did we ﬁnd evidence that background context
was eﬀective at improving source monitoring. This suggests either that context does
not aid in discriminating between lists or that simple-visual background context is
not suﬃcient to induce context eﬀects––possibly because it is largely ignored at encoding. In Experiments 2, we manipulated context by providing each word with a
unique context, rather than having a single context for the entire list. We assumed
that participants would attend more to the context information at encoding if it were
unique for each word, which would in turn make context information a better cue
for discriminating between lists.

5. Experiment 2
As indicated previously, the source-monitoring framework leads to the prediction
that source discrimination is better when the two studied lists are studied in diﬀerentcontexts, and we were quite surprised by our failure to ﬁnd such eﬀects in Experiments 1a and 1b. As mentioned in the discussions of Experiments 1a and 1b, one
possible explanation for our failure to ﬁnd context eﬀects was that perhaps participants largely ignored the background context once it had been presented a few times.
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If this were the case, it would be possible to induce context eﬀects by varying context
within the lists. Rather than having a single context for an entire list, each word on
the list was presented with either the same-context or a diﬀerent-context on each presentation. In this experiment, we manipulated context using random word pairs
rather than simple-background. One word was designated the target and the other
as the context. In the same-context condition, target words from the varied and constant-lists were always paired with the same-context word. Thus, if dog was paired
with shoe in the varied-frequency list, it was also paired with shoe in the constant
frequency list. In the diﬀerent-context condition the target words were presented
with a randomly generated context in the varied-list, but always occurred with the
same-context word in the constant frequency list. Thus, dog would appear with a
randomly generated word each time it occurred in the varied-list, but always
appeared with shoe in the constant list. Our use of words as context (often referred to as linguistic context) is not new, as it has been used widely in the recognition memory literature (see Dalton, 1993; Tulving & Thomson, 1973). Linguistic
context provides a convenient way to manipulate contextual information at the item
level.
This experimental design enabled us to examine whether context eﬀects in frequency judgment would emerge if we could entice participants to attend to the contexts associated with each word. If participants discriminate source on the basis of
context, then we would expect participants in the diﬀerent-context condition to be
less inﬂuenced by the varied-list exposures than participants in the same-context condition. An eﬀect of context similarity would indicate that context information is an
eﬀective cue for discriminating lists, at least when the context is unique for each
word.
5.1. Method
5.1.1. Participants
Thirty-eight University of Maryland undergraduates participated in the experiment and received partial credit towards fulﬁllment of course requirements.
5.1.2. Materials
Random word pairs were used for each list. In the word pair, the left word representing the target word was displayed using red text and the right word representing the context word was displayed using black text with the pair appearing in the
center of a white computer screen. In the varied-list, target pairs were presented randomly with either the same-context or diﬀerent-context word per frequency. Thus,
half of the targets were paired with the same-context word (e.g., rabbit–lamp, rabbit–lamp, etc.) while the other half were paired with a diﬀerent-context word each
time the target was presented (e.g., canary–stove, canary–book, etc.). Two target
words were allocated per frequency and 30 ﬁller word pairs were presented once.
In the constant list, the targets were identical to those presented in the varied-list
with the same-context word used for each presentation. Target pairs were presented
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four times and 30 ﬁller pairs (10 old ﬁllers from varied list and 20 new ﬁller pairs)
were presented once.
5.1.3. Design and procedure
The experimental design was similar to the previous experiments except for the
fact that words rather than backgrounds were used as context. The design was a 2
(constant-list context: same, diﬀerent)  5 (varied-list frequency: 0, 2, 4, 8, or 16) factorial with both context and varied-list frequency manipulated within participants.
Participants were not informed as to which word in the pair represented the target
and context words or that there would be multiple lists in the experiment. For both
the varied and constant-lists, participants were instructed to sub-vocally repeat each
word pair until both words disappeared from the screen. All word pairs were presented for 3 s.
During test, the same-context word pair (as it appeared during the constant-list)
was presented on the screen with the target word appearing in red and the context
word in black text. Participants were instructed that they should use their ﬁrst impression and respond as quickly and as accurately as possible when making their frequency judgment. If participants took longer than 4 s to make a frequency judgment,
they were prompted to try to respond faster.
5.2. Results and discussion
Fig. 2 presents the judged frequency of targets as a function of context and variedlist frequency. Note that participants were more inﬂuenced by varied-list frequency
for same-context than for diﬀerent-context targets. A 2  4 repeated-measures
ANOVA revealed a signiﬁcant interaction for context frequency, F ð3; 35Þ ¼ 2:99,
p < 0:05. Additionally, the main eﬀect of context and varied-list frequency were also
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Fig. 2. Experiment 2: mean estimated frequency and SEM of constant-list as a function of varied-list
frequency and word context.
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signiﬁcant, F ð1; 37Þ ¼ 8:51 and F ð3; 35Þ ¼ 12:87, p < 0:05, respectively. Trend analyses revealed an interaction of context by varied-frequency, F ð1; 37Þ ¼ 7:19,
p < 0:05 (x2 ¼ 0:14), as well as the linear trend of frequency which was present in
Experiments 1a and 1b, F ð1; 37Þ ¼ 35:52, p < 0:05 (x2 ¼ 0:47). Thus, the linear
trend is aﬀected by context associated with targets. Overall, the diﬀerent-context
led to less biased frequency judgments. Thus, contrary to Experiments 1a and 1b
where we failed to ﬁnd context eﬀects when we manipulated background context
similarity, the present experiment showed that context can be an eﬀective cue for discriminating lists when the context is unique for each word.
Table 1 presents the mean RT data. Overall, participants responded within 2.4–
2.8 s of word presentation and response time was not signiﬁcantly aﬀected by context
or varied-list frequency. As in Experiments 1a and 1b, no evidence of enumeration
was revealed, as the RT functions were ﬂat.
The results of Experiment 2 support the idea that context can be an eﬀective cue
for source discrimination in frequency judgment if it is unique for each word. Participants were still fairly accurate at discounting the varied-list exposures and only
overestimated the true frequency of 4.0 by an average of at most 2.6 for frequency16 same-context condition. It seems clear that participants were performing
some sort of list discrimination for both the same and the diﬀerent context conditions, but that discrimination was much more accurate in the diﬀerent-context condition.
In the next experiment, we examined whether better discrimination between lists
can be induced by manipulating the type of encoding between lists. Johnson et al.
(1993) proposed that source monitoring is better when the cognitive operations used
at learning diﬀered between lists. For example, instructing participants to engage in
elaborative rehearsal for one list, but rote rehearsal for the other list should improve
source monitoring above that which could be achieved if rote rehearsal were used for
both lists.

6. Experiment 3
The purpose of Experiment 3 was to examine the degree to which having participants use an elaborative rehearsal strategy (mental imagery) for the varied-list
words aﬀected judged frequency of the constant-list words, which were learned using
rote rehearsal. According to the source-monitoring framework, source discrimination should be better when the two-lists are studied under diﬀerent encoding conditions. As Johnson et al. (1993) argue, source discriminations can be made on the
basis of the cognitive operations used at encoding. On the one hand, elaborate rehearsal should increase participantsÕ memory for items studied under better encoding. This is because improved encoding should aﬀect the strength with which
words respond when prompted with the retrieval cue. On the other hand, if two-lists
are studied under diﬀerent encoding conditions, the diﬀerence in encoding operations
should provide a cue for discriminating diﬀerent sources (lists) of information. Thus,
the source-monitoring framework predicts that using elaborative rehearsal of the
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varied-list words, but rote rehearsal of the constant-list words should lead to less bias
in the judged frequency of the constant-list words. This is because participants
should be able to better discriminate between the two-lists when they were studied
under diﬀerent encoding conditions.
6.1. Method
6.1.1. Participants
Forty-six University of Maryland undergraduates participated in the experiment
and received partial credit towards fulﬁllment of course requirements.
6.1.2. Materials
Single words were displayed in one of two backgrounds (backgrounds used in Experiments 1a and 1b). The varied-list contained 10 targets (two per frequency) and 22
ﬁller words presented once with all words presented on context 1 background that
was used in Experiments 1a and 1b. The constant-list contained the 10 targets from
the varied-list and 20 new ﬁller words. For all participants, the words were presented
in background context 2 used in Experiments 1a and 1b.
6.1.3. Design and procedure
The experimental design consisted of a 2 (encoding quality: elaborate, rote)  5
(varied-list frequency: 0, 2, 4, 8, or 16) mixed factorial. Encoding was manipulated
between participants and varied-list frequency was manipulated within participants.
Encoding quality was manipulated during the varied-list using either rote rehearsal
or mental imagery instructions, and participants were randomly assigned to either
encoding condition. Participants in the rote rehearsal condition were told to repeat
each word over and over sub-vocally for the duration (2 s) that it was presented on
the screen. Microphones were placed in front of participants in order to encourage
participants to repeat the words sub-vocally. Unbeknown to the participants these
microphones were unplugged. Participants in the imagery condition were instructed
to form a mental image of each word, and to form the same image if the same word
occurred more than once. Participants provided a brief written description of each
image by typing their image into the computer; thus, word presentation for imagery
condition participants was self-paced. The encoding strategy used for the constantlist was identical for all participants with participants instructed to repeat each word
sub-vocally for the 2 s that each word appeared on the screen.
Participants were instructed to use their ﬁrst impression and respond within 2 s of
reading the word on the screen when making their judgments. All words presented
during test appeared with the constant-list background.
6.2. Results and discussion
Fig. 3 presents the mean judged frequency as a function of the rehearsal strategy
used and the frequency of occurrence of targets in the varied-list. As can be seen, there
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Fig. 3. Experiment 3: mean estimated frequency and SEM of constant-list as a function of varied-list frequency and encoding instruction.

was a monotonic increase of judged frequency as a function of varied-list frequency.
The elaborative rehearsal participants estimated targets as occurring less frequently
during the constant-list than participants in the rote rehearsal condition. Thus, there
was less bias (deviation from the true frequency of 4) under elaborative rehearsal conditions. A mixed factorial ANOVA revealed signiﬁcant main eﬀects for rehearsal
strategy, F ð1; 44Þ ¼ 7:31, p < 0:05, and varied-list frequency, F ð3; 42Þ ¼ 24:82,
p < 0:05. The interaction term was non-signiﬁcant, F ð3; 42Þ ¼ 0:74, p > 0:05. Trend
analyses revealed a signiﬁcant linear trend of varied frequency, F ð1; 44Þ ¼ 74:14,
p < 0:05 (x2 ¼ 0:61), however, encoding did not aﬀect this linear trend.
Inspection of the RT data indicated that enumeration was not used, as the RT
functions were remarkably ﬂat with no reliable eﬀects of frequency or encoding
(see Table 1).
The results of Experiment 3 suggest that use of an elaborative rehearsal strategy in
the varied-list leads to less inﬂuence of extra-list items on judged frequency of constant-list items. However, in addition to there being diﬀerences between the two encoding conditions in terms of the cognitive operations, there were other diﬀerences.
For example, only the imagery condition was required to type in their image, and the
imagery condition was also given more time to study the individual words during the
varied-list. Thus, this experiment does not provide a clean test of whether the reduction of bias in the imagery condition is due to the formation of images. The improvement in accuracy could be due to the fact that imagery participants were required to
type their image for the varied-list (but not the constant-list), or due to a combination of imagery and typing. In short, the imagery condition had much richer information on which to base their source-monitoring decisions.
Experiments 2 and 3 found two interesting results. In Experiment 2, we found that
frequency judgments were more accurate when the two-lists occurred in diﬀerentcontexts and in Experiment 3, we found that judgments were more accurate when
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the two-lists received diﬀerent types of encoding. However, an interesting ﬁnding was
that we found a context similarity by varied-frequency interaction in Experiment 2,
but no interaction between rehearsal strategy and varied-frequency in Experiment 3.
Since these were separate experiments with slightly diﬀerent methods, it is diﬃcult to
compare the two sets of results. Hence, we attempted to replicate these ﬁndings in a
fourth experiment. The basic methodology was identical to that of Experiment 2,
where we used words as context. In addition to manipulating context similarity,
we also manipulated whether participants engaged in rote rehearsal for both lists,
or engaged in rote rehearsal for the constant-list and elaborative rehearsal for the
varied-list. Context similarity was manipulated within participants, and rehearsal
strategy between participants. A total of 89 participants completed the experiment,
with participants randomly assigned to levels of encoding.
The results replicated those obtained in Experiments 2 and 3. As in Experiment 2,
there was an interaction between varied-list frequency and context similarity, and
this was the case both for the elaborative rehearsal and rote rehearsal conditions.
In addition, as in Experiment 3, there was no such interaction between varied-list frequency and rehearsal strategy, and this was true both for same-context and diﬀerentcontext conditions. 2 Thus, when participants are able to use rehearsal strategy as a
source monitoring cue, it produces additive eﬀects. But when the only diﬀerence between the two-lists is in the associated context information, it produces multiplicative
eﬀects. Our explanation of these ﬁndings is presented in Section 7.

7. General discussion
We began this article with a discussion of sources of biases in frequency judgment.
In particular, we proposed that failures in source discrimination could account for
the common biases in frequency judgment often attributed to use of the availability
heuristic (see also Dougherty et al., 1999). The present experiments provide evidence
that at least one source of bias in frequency judgments is the failure to discount frequency information from non-target sources. In Experiments 2 and 3, we found that
frequency judgments were more accurate when the contexts between the varied and
constant-lists were diﬀerent and when the encoding operations between the two-lists
were diﬀerent. These ﬁndings were replicated in a fourth experiment where we manipulated both context and encoding within the same experiment. Not surprisingly,
this fourth experiment showed that discrimination was best when both encoding and
context were diﬀerent between the varied and constant lists. Interestingly, simplebackground context was not found to be an eﬀective cue for separating the two-lists
(Experiments 1a and 1b). We propose that one source of bias in frequency judgment
that has been attributed to the availability heuristic is actually the result of fallible
source-monitoring processes.

2

All reported ﬁndings were signiﬁcant at p < 0:05.
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Several models have been used to describe the availability heuristic and we brieﬂy
describe three classes: (1) recall process models, (2) metacognitive models, and (3) familiarity based models. At least three versions of the recall process model (overt or
covert) have been proposed: number of instances recalled in a short period of time
(Tversky & Kahneman, 1973), time to retrieve the ﬁrst instance (Sedlmeier et al.,
1998), and enumeration (Brown, 1995, 1997). The most well documented of these
models is the enumeration model. In accord with Brown, if enumeration were being
used to assess frequency, we would anticipate steep RT functions for the diﬀerentcontexts compared to the same-context conditions as the frequency of pre-experimental exposure increases, but in our experiments we do not have evidence for an
overt recall process since participants were instructed to respond as quickly as possible.
The most well known instantiation of the metacognitive models was proposed by
Schwarz et al. (1991), who suggested that the subjective ease or diﬃculty of the recall
task is used as information in the frequency judgment process. People presumably
infer frequency of occurrence from the diﬃculty of the retrieval task: the more difﬁcult the retrieval task, the less frequently an event was presumed to have occurred.
This type of process lead to the non-intuitive prediction that events of the same frequency will be rated as more frequent when the recall task is viewed as easy than
when it is viewed as diﬃcult (Aarts & Dijksterhuis, 1999; Schwarz et al., 1991;
W€anke, Schwarz, & Bless, 1995). Also included in the metacognitive class is the idea
that frequency judgments might be based on a feeling of knowing (FOK; Hart, 1967)
as was originally proposed by Tversky and Kahneman (1973).
Finally, the last class assumes frequency judgments are based on a familiarity
strength derived from accessing memory. These models assume that frequency judgments arise from the same processes responsible for recognition memory (Dougherty et al., 1999; Hintzman, 1988), namely the strength of the match between a
memory probe and traces stored in memory. Judged frequency is assumed to be
based on the strength of the activation from probing memory, such that increases
in familiarity for an item lead to an increase in judged frequency for that item. Indeed, there is considerable research consistent with the idea that familiarity drives
frequency judgment in many situations (Brown, 1995, 1997; Greene, 1988; Hintzman, 1988; Hockley & Cristi, 1996). The familiarity based model of frequency judgment is embodied in the class of memory models known as global matching models,
which assume that all items stored in memory contribute to recognition memory
and frequency judgments according to the degree to which a memory probe (a retrieval cue) matches traces in memory. Similarly, neural network models (e.g., Anderson et al., 1977; Sedlmeier, 1999) have also been used for simulating frequency
judgments.
Dougherty et al. (1999) illustrated that a multiple-trace memory model could account for the common bias associated with the availability heuristic. Speciﬁcally,
Dougherty et al. hypothesized that availability biases might arise from the inability
to completely discriminate between items learned in diﬀerent-contexts, which is a
failure of source monitoring (Johnson et al., 1993; Johnson & Raye, 1981). According to Dougherty et al. (1999), biased frequency judgments might arise when prior
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experience with the to-be-judged events, where the prior experience is within an irrelevant context, is not successfully discriminated.
One interesting, yet perplexing ﬁnding is that we found an interaction between
varied-frequency and context in Experiment 2, but no such interaction between varied-frequency and encoding in Experiment 3––a ﬁnding we replicated in the fourth
experiment in which we manipulated both context and encoding in a single experiment. Why did we ﬁnd an interaction when manipulating context but not encoding? Obviously, that we replicated the ﬁndings in a fourth experiment indicates that
the results are unlikely due to statistical error, either a type I error for the context
manipulation (Experiment 2) or a type II error for the encoding manipulation
(Experiment 3). In addition, that the pattern was replicated using random word
pairs, indicates that the diﬀerence between the ﬁndings in Experiments 2 and 3
was not due to subtle diﬀerences in methodology. This leaves a third possible
explanation as most probable––that source decisions are made diﬀerently depending on what type of information is available to separate the two sources of information.
What type of processes might be evoked when discriminating the source of frequency information on the basis of context versus encoding? One possibility is that
participants are relying entirely on a familiarity process for discriminating between
diﬀerent-contexts but invoke a recollective process when discriminating between
items that received rote rehearsal versus those items for which images had been
formed, such as the process proposed by Schwarz et al. (1991).
We propose that the default strategy for assessing frequency of occurrence in our
experiments was based on a familiarity process, but that the output of this process
can be augmented by secondary processes, such as the subjective ease of retrieval
or recollection. Our manipulation of encoding always took place on the variedfrequency list, with some participants receiving elaborate rehearsal instructions
and others rote rehearsal instructions. All participants received rote rehearsal instructions for the constant-list. Thus, in the context of our experiments, the subjective ease with which participants could recall the interactive image could serve as a
cue for how often the word pair did not occur in the constant-list. Judged frequency
could be inferred by assessing familiarity, and then discounting the familiarity by
taking into account ease of retrieval. If ease of retrieval were unaﬀected by the number of times participants formed the image (i.e., it was independent of frequency of
image formation), it would have led to the same magnitude of adjustment across all
levels of varied-list frequency.
In contrast, the two-part conditional memory matching and global familiarity
models predict an interaction between context similarity and the frequency of occurrence on the varied-frequency list. This is because the degree to which items on the
varied-list contribute to the overall familiarity should be a function of both context
similarity and varied-list frequency. The more similar each item is to the to-be-judged
item, the more it should contribute to the overall familiarity signal (Hintzman, 1988).
Thus, conditions in which participants study the two lists in the same-context should
elicit greater familiarity than the diﬀerent-context conditions. In addition, because
each item studied on the varied-list is assumed to contribute to overall familiarity,
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judged frequency should also increase as frequency of exposure on the varied list increases.
One way to conceptualize the process is to assume that the degree to which traces
on the varied-list contribute to judgments of the constant list is proportional to the
similarity between the to-be-judged item plus context and the stored items plus context. This type of process leads to the prediction that context similarity should interact with varied-list frequency.
One possible explanation for the improvement in judgment accuracy due to the
rehearsal strategy manipulation is that simply having participants engage in a mental
imagery improves source-monitoring decisions. This explanation leads to the prediction that participants should be more accurate when both lists receive elaborate rehearsal than when one receives elaborate and the other rote. We investigated this
possibility through a short pilot study (not reported here) in which participants
ran through the equivalent of our same-context conditions of Experiment 2, but
where they either receive mental imagery instructions for both lists, or rote rehearsal
for one list and elaborate rehearsal for the other. In fact, participants were less accurate (showed greater overestimation) when both lists were studied under mental
imagery instructions. Note that the recollective or ease of retrieval process would
be entirely uninformative when both lists were studied under mental imagery instructions. Thus, it is not the case that elaborative rehearsal leads to better source discrimination: the crucial factor appears to be that the two-lists elicit diﬀerent retrieval
processes which can then be used to discount those varied-list items.
Our results provide support for Dougherty et al.Õs (1999) hypothesis that bias in
frequency estimates can arise from the failure to completely discriminate between instances learned in diﬀerent-contexts. More important, our data suggest that the accuracy of frequency judgments can be improved by taking measures that enhance
peopleÕs ability to discriminate between diﬀerent sources of frequency information.
In short, source-monitoring processes can be exploited to improve the accuracy of
frequency estimates.
All the aforementioned instantiations of the availability heuristic provide plausible process models for how people make judgments of frequency and probability.
One problem with much of the research on availability is that many researchers
failed to go beyond the vague level of description to describe which version of availability was implemented. We propose replacing the term ‘‘availability heuristic’’ with
‘‘availability bias’’, and using the term to describe data, not process. Our results provide evidence for one possible process underlying availability biases––a fallible
source-monitoring process. The present research hopefully will provide a starting
point for more fully exploring the implications of source-monitoring processes for
judgment and decision making.
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