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Abstract

Using the false memory paradigm (Deese, 1959), recently revived by Roediger and McDermott (1995), we
examined the effect on true and false recognition of presenting study items in unusual looking fonts. In one
condition, each font was associated with a single study item. In a second condition, each font was presented 12
times per study list, randomly distributed across several themes. In a third condition, each font was presented 12
times in the study list, and was associated with a particular study theme. False recognition levels were lowest when
there was a unique association between each font and a single study item, whereas false recognition levels were
highest when all items from a theme were presented in the same font. Further, the effects of font condition on false
recognition of lures maintained when font condition was manipulated within participants and lists. These re-
sults, taken together, are inconsistent with theories proposing that false recognition reduction is the product
of global shifts in response strategies across conditions (e.g., Schacter, Israel, & Racine, 1999). However, per-
spectives highlighting the effects of memory based processes on true and false recognition provide an adequate

account.
© 2002 Elsevier Science (USA). All rights reserved.
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False memory has received a tremendous amount of
attention in the past several years, both in popular cir-
cles as well as in the memory community. Within the
memory community, the focus on false memory in list
learning paradigms can be traced to a study by Roediger
and McDermott (1995). Roediger and McDermott, re-
viving a paradigm originated by Deese (1959), presented
participants with lists of study items that were all related
to a single, unpresented item (referred to as the lure
item). On a later free recall test, a memory task in which
participants do not often intrude unstudied items, par-
ticipants produced the lure item with approximately the
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same probability as study items presented in the middle
serial positions of the study list (Roediger & McDer-
mott, 1995). Further, participants were given a recogni-
tion memory test and asked to provide remember-know
responses when an item was judged old. Results of the
recognition memory test produced two notable findings.
First, the false alarm rate of the lure items was ap-
proximately equivalent to the hit rate for studied items.
Second, participants often assigned a remember response
to lure items, indicating that they consciously recollected
the presentation of the lure items on the study list, when,
in fact, such items were never presented at study. These
results have been subsequently replicated and extended
by numerous researchers (e.g., Payne, Elie, Blackwell, &
Neuschatz, 1996). The fact that participants falsely
recognize and recall unstudied items with such a high
probability, coupled with the fact that participants claim
conscious recollection of a lure item’s presentation,
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suggests that false recognition' is caused by fundamental
memory processes. Thus, understanding the nature of
false recognition may provide critical insights into the
processes of memory.

Concurrently, theorists have become increasingly
interested in the role that recognition memory decision
processes play in the production of true and false rec-
ognition (Hirshman, 1995; Hirshman & Arndt, 1997;
Miller & Wolford, 1999; Roediger & McDermott, 1999;
Wickens & Hirshman, 2000; Wixted & Stretch, 2000). In
general, decision based approaches to false recognition
(e.g., Dodson & Schacter, 2001, 2002; Hirshman, 1995;
Miller & Wolford, 1999; Schacter et al., 1999) claim that
there are elements of memory representations that cause
participants to change the basis by which they evaluate
whether a test item should be considered studied. For
example, increasing the precision with which study items
are encoded may lead to an increase in the amount of
information participants require to be retrieved from
memory before endorsing a test item as old (Hirshman,
1995).

The hypothesis that false recognition differences are
caused by decision processes is often contrasted with the
hypothesis that differences in false recognition are due to
memory based processes independent of decision pro-
cesses, such as encoding or representational factors
(Arndt & Hirshman, 1998; Hirshman & Arndt, 1997;
Roediger & McDermott, 1999; Wickens & Hirshman,
2000; Wixted & Stretch, 2000). Memory based ap-
proaches to false recognition (e.g., Wickens & Hirsh-
man, 2000; Wixted & Stretch, 2000) claim that the
properties of the memory representations on which false
recognition is based are the causal element producing
changes in false recognition across experimental condi-
tions. For example, increasing the precision with which a
study item is encoded may decrease the match between
an unstudied test item and items encoded in memory,
thereby reducing the evidence that the test item was
studied (Shiffrin & Steyvers, 1997).

A recent theoretical instantiation of how decision
processes may reduce false recognition in the paradigm of
Deese (1959) and Roediger and McDermott (1995) was
proposed by Schacter et al. (1999) (see also Dodson &
Schacter, 2001, 2002). Schacter et al. proposed that when
participants are provided with salient visual information
at study, they will come to expect that they should be able
to retrieve detailed visual information at test. Such a re-
trieval strategy will cause participants to search more

! While the term false recognition technically applies to the
erroneous recognition of any new test item, we are primarily
concerned with the false recognition of unstudied items that are
semantically related to a number of study items. Thus, we use
this term to refer to this restricted case of false recognition
phenomena.

rigorously at test for encoded visual information, a no-
tion Schacter et al. referred to as a distinctiveness heu-
ristic. When participants are unable to retrieve visual
information, they will tend to reject the test item, pro-
ducing a reduction in false recognition because unstudied
items are less likely to have visual information associated
with the representations supporting their recognition.
Further, Schacter et al. (1999) proposed that a distinc-
tiveness heuristic operated on a global basis, such that all
test items were subjected to analysis for associated visual
information in memory, and not just items for which
salient visual information was re-presented at test.
Consistent with the operation of a distinctiveness
heuristic, Israel and Schacter (1997) and Schacter et al.
(1999) observed a reduction in false alarms when par-
ticipants were shown pictures of study items (in addition
to words) at encoding relative to participants that were
only provided with words at study. Further, this re-
duction in false alarms occurred regardless of whether
both pictures and words or only words were presented at
test, suggesting that a general shift in decision strategy
occurred as a result of the study of pictorial information.
Schacter et al. (1999) further tested the distinctiveness
heuristic hypothesis by varying encoding condition
within participants and study lists. The distinctiveness
heuristic hypothesis predicts that when encoding con-
dition (picture + word vs. word) is manipulated within
participants and study lists, similar levels of false rec-
ognition should occur across encoding conditions. The
reason for this is simple: if a difference in decision
strategy is the solitary reason that differences in false
recognition are observed in an experiment, there should
not be differences in the memory based factors that
contribute to false recognition across conditions. Thus,
if encoding condition is manipulated within participants
and lists, and participants do not change their decision
strategy across item types within a test list (see Stretch &
Wixted, 1998 for evidence that participants maintain a
single decision strategy within a test list), then the dif-
ferences in false recognition reduction observed due to
encoding condition should no longer be observed. Thus,
by manipulating encoding condition within study lists,
any amount of false recognition reduction resulting from
a decision strategy shift would be equated across en-
coding conditions, and different levels of false recogni-
tion could only result from the properties of the memory
representations on which false recognition is based.
Consistent with the proposition that a distinctiveness
heuristic was driving the reduction in false recognition,
the manipulation of encoding condition within partici-
pants and study lists eliminated differential suppression
of false recognition across word and pictorial encoding
(Schacter et al., 1999; see Dodson & Schacter, 2001 for
similar results with saying vs. hearing words at study).
The ubiquity of the distinctiveness heuristic as a
mechanism of false recognition reduction is less clear.
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For example, the distinctiveness heuristic does not ap-
pear to provide a comprehensive account of the reduc-
tion in false recognition observed when items are studied
in the visual modality relative to the auditory modality.
One might expect the distinctiveness heuristic to apply to
this situation because visual information is encoded in
the visual study condition, while little, if any, visual in-
formation is encoded in the auditory study condition.
For this situation, the distinctiveness heuristic predicts
that (1) false recognition will decrease in the visual study
condition relative to the auditory study condition when
study modality is manipulated between participants; (2)
this reduction would occur regardless of the modality in
which test items were presented; and (3) false recognition
should not differ as a function of study modality in
within-participants designs. Consistent with the first
prediction, Smith and Hunt (1998) reported that par-
ticipants that were presented with study items visually
were considerably less likely to false alarm to lure items
relative to a group of participants that were presented
with study items aurally. With regard to the second
prediction, Gallo, McDermott, Percer, and Roediger
(2001) demonstrated that the effect of study modality on
false recognition occurred on visual recognition memory
tests, but not auditory recognition memory tests, a
finding that is inconsistent with the expectations of the
distinctiveness heuristic hypothesis. With regard to the
third prediction, Gallo et al. (2001) also manipulated
study modality within participants and lists, and found a
similar pattern of results as they did with a between-
participants manipulation (i.e., lower levels of false
recognition for visual study items relative to auditory
study items on visual, but not auditory, recognition
memory tests), which is again inconsistent with the ex-
pectations of the distinctiveness heuristic hypothesis.
The results of Smith and Hunt (1998) and Gallo et al.
(2001) are within the explanatory realm of memory-
based explanations of false recognition, however. For
example, one theory that seems to provide a reasonable
account of the visual recognition test results of Smith
and Hunt (1998) and Gallo et al. (2001) is the item
specific and relational processing account (Einstein &
Hunt, 1980; Hunt & Einstein, 1981; Hunt & McDaniel,
1993). According to the item specific and relational
processing account, relational information in memory
arises from the processing of the commonalities among
study items, while item-specific information in memory
arises from the processing of differences between study
items. The encoding of relational information, while
generally beneficial to memory performance, would tend
not only to improve the recognition of study items, but
also to increase the false recognition of semantically
related lure items. In contrast, the encoding of item-
specific information should only increase accurate rec-
ognition of study items. Thus, study conditions that are
conducive to the encoding of relational information

would be expected to increase both levels of accurate
recognition of study items and false recognition of lure
items, while study conditions that are conducive to the
encoding of item-specific information should only in-
crease accurate recognition of study items. On the as-
sumption that visual presentation of study items draws
participants’ attention to the item-specific attributes of
items more than auditory presentation, this perspective
can accommodate the effects of study modality on true
and false recognition in visual recognition tests.

However, the item specific and relational processing
theory does not provide a straightforward account of the
effects of the presentation of pictorial information on
true and false recognition. Specifically, this theory, as
well as other memory-based explanations, would expect
that the manipulation of encoding condition (pic-
ture + word vs. word) in the Schacter et al. (1999) would
be unaffected by whether the manipulation was within or
between participants. Further, it is not obvious how this
theory could accommodate Gallo et al.’s (2001) finding
that auditory recognition tests fail to show a modality
effect without additional assumptions about retrieval
cues interacting with item specific and relational repre-
sentations in memory. Thus, while both theories succeed
in explaining some elements of the effects of visual study
processing on false recognition, neither provides a
comprehensive account in and of itself.

The present experiments

In the present set of experiments, we further evaluate
these examplars of memory-based vs. decision-based
explanations of false recognition reduction. In particu-
lar, we presented study items in unusual looking fonts,
allowing for the development of associations between
distinctive visual information and each study item.
Further, we manipulated the utility of the fonts as a
retrieval cue by presenting fonts either once or 12 times,
a manipulation recently demonstrated to influence rec-
ognition memory hits and false alarms (Diana, Peterson,
& Reder, 2002; Reder, Donavos, & Erickson, 2002b).
We included two conditions in which fonts were pre-
sented repeatedly during study. In one condition, the
font was correlated with the semantics of the themes,
such that all items from a particular theme were pre-
sented in the same font. In a second condition, partici-
pants were presented with items in a font that was
repeated 12 times across the study list, but fonts were
randomly assigned to several themes within the study
list. Thus, in the latter case there was no correlation
between the visual properties of the fonts and the se-
mantics of the themes within the study list.

The distinctiveness heuristic predicts that false rec-
ognition should vary across encoding conditions ac-
cording to the salience of the visual information
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presented at study. Thus, in conditions where the visual
information is highly salient (e.g., when fonts are pre-
sented with a single item), the distinctiveness heuristic
would predict that false recognition would be least. In
conditions where visual information is less salient (e.g.,
when a single font is utilized to present an entire theme),
the distinctiveness heuristic would expect false recogni-
tion to be greatest. Critically, the distinctiveness heu-
ristic would predict that differences in false recognition
would not occur when font condition is manipulated
within participants and study lists. Thus, when an in-
dependent variable is manipulated between participants,
this hypothesis would propose that participants will be
more likely to utilize a distinctiveness heuristic when
visual information is highly salient than when it is not,
allowing for differences in false recognition to be ob-
served across the font conditions. However, when an
independent variable is manipulated within participants
(and lists), a distinctiveness heuristic should not be able
to differentially suppress false recognition across condi-
tions. Specifically, when font condition is manipulated
within participants (and lists), the search for distinctive
visual information in an effort to verify an item’s pre-
sentation at study should fail for all non-studied items
(e.g., lure items) regardless of the experimental condition
to which their corresponding study items were assigned,
producing equivalent levels of false recognition across
conditions.

The item specific and relational processing account
predicts a similar pattern of false recognition across
conditions when font condition is manipulated between
participants, albeit for different reasons. This account
proposes that font condition should affect the properties
of the encoded representations in memory, and that
those differences will produce different levels of false
recognition across conditions. Item-specific encoding
would be expected to be greatest when fonts are pre-
sented with a single study item, a condition that would
presumably draw participants’ attention to the individ-
ual attributes of study items. Relational encoding would
be expected to be greatest when fonts and themes are
correlated with one another, a condition that would
presumably enhance attention to, and encoding of, the
commonalities among study items. Importantly, and in
contrast to the prediction of the distinctiveness heuristic,
this explanation would expect the patterns of false rec-
ognition to replicate across between and within partici-
pants (or between and within lists) designs, because the
properties of encoding (and the resultant memory rep-
resentations) would not be expected to differ across be-
tween- and within-participants designs.

To evaluate the predictions of these two explanations
of the effects of the study of salient visual information on
false recognition, we conducted three experiments. In
our first experiment, we manipulated font condition
between participants. In our second experiment, we

manipulated font condition within participants and
study lists. The comparison of the effects of font con-
dition on false recognition across these two experiments
should allow for discrimination between the distinc-
tiveness heuristic and the item specific and relational
processing accounts. In our third experiment, we com-
pared performance in two of the font conditions utilized
in the first two experiments with a condition where study
items were presented in a common font. This third ex-
periment was conducted to compare our results with
those of the extant false recognition literature.

Finally, we also collected judgments of recognition
memory phenomenology (i.e., remember-know judg-
ments; Tulving, 1985) to assess the extent to which
participants were judging items as studied based upon a
sense of recollection or simply based upon a sense of
familiarity. Previous studies in this paradigm (e.g.,
Roediger & McDermott, 1995) have found that not only
do participants mistakenly judge lure items old with a
high probability, but also typically claim to “remember”
the lure items’ presentation in the study list. Similarly,
Schacter et al.’s (1999) results demonstrated that the
reduction in false recognition when pictures were pre-
sented at study was associated with a reduction in the
likelihood that participants judge lure items as ‘“‘re-
membered” rather than “known’ (or familiar). Thus, we
evaluated the influence that font condition had on both
overall levels of false recognition as well as how strongly
those levels of false recognition were associated with
recollection or familiarity phenomenology.

Experiments 1 and 2

Experiments 1 and 2 are essentially the same experi-
ment, with one important difference. In Experiment 1,
font condition was manipulated between participants,
while in Experiment 2, font condition was manipulated
within participants. Recall that the distinctiveness heu-
ristic predicts that the effects of font condition on false
recognition observed in Experiment 1 should not occur
in Experiment 2. The item specific and relational pro-
cessing account predicts that the effects of font condition
on false recognition should replicate across Experiments
1 and 2. Next, we explicate the materials, design, and
procedure for Experiment 1. At the end of the procedure
section, we note the procedural differences between Ex-
periments 1 and 2.

Method

Participants

Ninety students from Carnegie Mellon University
participated to satisfy a research appreciation require-
ment for Experiment 1. Thirty-six students from the
same population participated in Experiment 2.
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Materials and design

Stimulus items were selected from the Nelson,
McEvoy, and Schreiber (1998) database. Forty-eight
sets of 12 items each (referred to as themes below) were
chosen to serve as study items. Each set of 12 items was
generated such that all items within a theme produced
the same item in free association with a nonzero prob-
ability (range=.022-913; range of mean associative
strength for themes=.327-.664; mean associative
strength of all items utilized in these experiments = .417).
For example, the stimulus items rose, stem, blossom, lily,
vase, dandelion, orchid, tulip, petals, daisy, garden, and
bloom were chosen as study items, and all produce the
lure item flower in free association.’

The present experiment utilizes a variety of unusual
looking fonts to present study and test items. One hun-
dred forty-four fonts were selected from various internet
sources. Selection criteria were similar to those used for
studies investigating font matching effects in recognition
memory (Reder, Donavos, & Erickson, 2002b). Thus,
the fonts utilized in this experiment were ones that
participants were unlikely to have encountered previ-
ously, did not resemble fonts one typically sees in
everyday life (e.g., Helvetica, Courier), were easily
readable, and were similar in size to one another. Ex-
amples of the fonts selected for the current experiment
are presented in Fig. 1.

For each participant, 24 of the 48 themes were ran-
domly selected to serve as study materials, with the re-
maining 24 themes serving as distractor materials for the
recognition memory tests. Within the set of 24 themes
designated as study items, six themes were randomly
assigned to each of four study lists, yielding study lists 72

2 It is important to note that this form of list construction
was somewhat different than is typically used in this paradigm.
Specifically, these stimulus materials were constructed such that
all of the study items produce the lure item in free association.
However, the manner in which most other studies in this
paradigm construct stimulus materials is to use the norms of
Russell and Jenkins (1954) or norms based upon Russell and
Jenkins (1954), (e.g., Stadler, Roediger, & McDermott, 1999;
see McEvoy, Nelson, & Komatsu, 1999), for an exception. In
the Russell and Jenkins norms, items used as study items in this
paradigm were produced by the lure in free association, which
does not necessarily mean that they produce the lure in free
association. Despite this difference in the construction of the
study materials, we did not anticipate fundamental differences
in the phenomenon under study, other than to possibly increase
the overall probability of false recognition because all of the
study items elicit the lure item in free association, which is not
necessarily a characteristic of lists based upon the Russell and
Jenkins (1954) norms. To the extent that we are able to compare
the levels of performance in these experiments to the prior
literature (e.g., false alarms to lure items, false “‘remember”
responses to lure items), these materials seem to produce similar
results to those previously found in studies of false recognition.

secictive
NASANAA
Shom
FACTOR
LECTURE
simibe

Fig. 1. Examples of fonts.

items in length (six themes with 12 items per theme).
Study items were presented blocked by theme, such that
all 12 items from one theme were presented, followed by
all 12 items from a second theme, and so on until the
study items from the six themes comprising a given
study list had been presented.

The test list for each set of study items was composed
of all of the items presented at study, an equal number of
items from unstudied themes (referred to as new items
below), the lure items for each of the studied themes,
and the lure items corresponding to each of the un-
studied themes (referred to as new [ures below). Thus,
test lists were 156 items in length (72 study items, 72 new
items, six lure items and six new lures). Order of pre-
sentation of themes within a study list, order of pre-
sentation of study items within each theme, and order of
presentation of all test items, regardless of the theme to
which they belonged, were randomly determined for
each participant.

One independent variable was manipulated: the
manner in which fonts were assigned to study items.
Participants were randomly assigned to one of three
between-participants conditions: the correlated font
condition, the uncorrelated font condition, and the un-
ique font condition. In the correlated font condition, six
fonts were used per study list, with all of the study items
in a theme presented in the same font, but fonts differed
across themes. In the uncorrelated condition, six fonts
were used per study list, with the assignment of study
items to fonts determined randomly with the constraint
that each font was presented 12 times in the study list.
Thus, in the uncorrelated condition, a font was pre-
sented the same number of times in a study list as in the
correlated condition, but none of the six themes in a
study list was strongly associated with a particular font.
Across all four study lists, 24 fonts were utilized per
participant in the correlated and uncorrelated condi-
tions.

In the unique font condition, each of the 72 study
items was displayed in a different font. The number of
study items across all four study lists in this experiment
was greater than the number of fonts selected for this
experiment. Thus, it was necessary to recycle each font
once across the four study lists in the unique font con-
dition. One set of 72 fonts was randomly selected to
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display study items in the first and third study lists, and
the remaining 72 fonts were utilized to display study
items in the second and fourth study lists. Finally, across
participants, all of the 144 fonts selected for presentation
of study items were used an equal number of times (five
times each) in the correlated and uncorrelated condi-
tions, mitigating any concerns one might have over the
random selection of fonts for display in the correlated
and uncorrelated conditions.

At test, study items were presented in the font in
which they were studied, while lure items were presented
in a font used to present a thematically related study
item. Thus, in the correlated font condition, each lure
item was presented in the font used to present all of its
corresponding theme items. In the uncorrelated font
condition, lure items were presented in one of the six
fonts used to present the theme items related to that lure.
In the unique font condition, lure items were presented
in one of the 12 fonts used to present the theme items
related to that lure. Finally, fonts were assigned to new
items and new lures in an analogous manner to that
utilized to assign fonts to study items in each condition.
Thus, all new items and new lures were presented in a
font encountered at study, and the manner in which
those fonts were assigned to new items and new lures
depended on the font condition to which participants
were assigned.

Procedure

Each participant completed four study-test cycles in
which all essential aspects of the procedure were the
same within each level of the between-participants var-
iable. At study, participants were presented with a list of
words in a number of different fonts and were asked to
rate how appropriate each font was for the meaning of
the word on a scale ranging from one (not very appro-
priate) to four (very appropriate). This task was in-
tended to direct participants’ attention to both the visual
properties of the font as well as the semantic properties
of the word. Participants were further provided with
examples of a situation in which one might judge the
correspondence between the visual properties of a font
and the meaning of a word as appropriate, and one in
which the correspondence might be judged as inappro-
priate. For example, participants were instructed that if
the study item was “windy’’ and the font appeared to be
italicized or was bent over towards one side as wind
might do to an object, that correspondence might be
judged appropriate. On the other hand, if the font ap-
peared to be rigid or did not contain wavy lines char-
acteristic of the depiction of “windiness” they might
judge that correspondence to be inappropriate. Partici-
pants were further instructed that they were to try to
remember the items, because an unspecified memory test
would occur later in the experiment. They then pro-
ceeded through the study list at their own pace.

Immediately following the completion of the study
task, participants were given a recognition memory task
in which they were asked to discriminate between stud-
ied and unstudied items. Participants were also asked to
provide judgments of their phenomenological experience
for old responses using the remember—know paradigm
(Tulving, 1985). Participants were instructed that a re-
member response was appropriate when they were able
to consciously recollect the experience of an item’s pre-
sentation at study, while know responses were appro-
priate when they were certain that a test item had been
presented, but were unable to consciously recollect the
experience of an item’s presentation. Thus, there were
three potential responses a participant could provide for
each test item: remember, know or new. Participants were
given extensive instruction on the difference between a
remember experience and a know experience, and asked
to provide an example of each to ensure they understood
the distinction. Following completion of the first rec-
ognition memory test, participants were given a second
study list, followed by a second recognition memory test.
This procedure continued until participants had com-
pleted all four study-test cycles.

Experiment 2 alterations

The procedure for Experiment 2 was the same as in
Experiment 1 with four exceptions. First, study lists
contained 12 themes rather than six themes. Thus, the
study list length was 144 items (12 items presented for
each of 12 themes) and the test list length was 312 items
(144 study items, 144 new items, 12 lure items, 12 new
lures). Second, the independent variable (assignment of
fonts to themes) was manipulated within participants
and within study lists in this experiment. Thus, four of
the 12 themes within each study list were presented in
each of the font conditions (unique, correlated and un-
correlated). Third, participants completed two study-test
trials rather than four study-test trials as had been the
case in Experiment 1. Fourth, as a result of the first three
alterations to the procedure, only 112 of the 144 fonts
were utilized.> Finally, assignment of (1) fonts to ex-
perimental condition (correlated, uncorrelated, unique);
(2) themes to experimental condition; (3) fonts to themes
(and items in the uncorrelated and unique conditions);
(4) themes to be studied or unstudied; (5) themes to se-
rial position within the study list; (6) items to serial

3 Each participant viewed 96 fonts used to display items in
the unique condition (8 total themes across the two study lists x
12 fonts per theme), 8 fonts used to display items in the
uncorrelated condition (4 fonts per study list presented 12 times
across the different themes assigned to the uncorrelated
condition; 8 fonts total across the two study lists), and 8 fonts
used to display items in the correlated condition (one font
presented with all of the study items in each of eight themes
assigned to the correlated condition).
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position within a studied theme; and (7) items to serial
position within the test list were all determined ran-
domly for each participant.

Results and discussion

For each experiment, we present our results in terms
of analyses on the proportion of remember responses in
each of the font conditions and recognition memory
sensitivity. In general, across these three experiments,
the largest effects of font condition were found on the
proportion of false alarms (and false remember re-
sponses) to lure items. These differences are demon-
strated below in terms of analyses of remember
responses to lure items, as well as analyses of recognition
memory performance measures (i.e., 4') intended to re-
flect different levels of false recognition.

Table 1 presents three measures of recognition
memory performance (4’) for all three of our experi-
ments. Table 2 presents the proportion of remember,
know, and old judgments for each condition and type of

item for Experiment 1. Table 3 presents the proportion
of remember, know, and old judgments for each con-
dition and type of item for Experiment 2. One type of 4’
contrasts old responses to studied items vs. old responses
to new items (old-new A’ hereafter), which we utilize as
our measure of accurate (true) recognition. The second
type contrasts old responses to lure items from studied
themes with old responses to new lures (/ure A’ hereaf-
ter). Lure 4’ can be thought of as a measure of how
likely participants were to false alarm to a lure item
when its corresponding theme was studied compared to
when no items related to the lure were studied, with
higher values of lure 4" indicating higher levels of false
recognition. The third type of 4" was computed on study
items vs. lure items (old-lure A' hereafter), which pro-
vides a measure of how well participants were able to
discriminate between items that were presented at study
and semantically related information that was not pre-
sented at study. We utilize lure 4" and old-lure 4’ as our
measures of false recognition. All analyses were per-
formed with an alpha level of .05.

Table 1
Mean old-new 4, lure 4’, and old-lure A’ as a function of font condition for Experiments 1-3
Font condition Old-new 4’ Lure 4’ Old-lure 4’
Experiment 1 Correlated 940 .864 .656
Uncorrelated 926 771 767
Unique 922 .685 .810
Experiment 2 Correlated 937 832 .691
Uncorrelated 925 147 761
Unique 940 714 831
Experiment 3 Correlated 931 .806 107
Standard 918 .801 .669
Unique 933 719 817

Table 2

Mean proportion of remember, know, and old responses as a function of font condition and item type for Experiment 1

Font condition Item type Test response
Remember Know Old
Correlated Old 1 18 .89
Lure .52 25 17
New .04 .06 .10
New lure .06 1 17
Uncorrelated Old .63 22 .85
Lure 23 25 48
New .03 .07 .10
New lure .06 .09 .16
Unique Old .69 .20 .89
Lure 17 .30 47
New .04 11 15
New lure .05 18 23

Note. Old responses are the summation of remember responses and know responses.
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Table 3

Mean proportion of remember, know, and old responses as a function of font condition and item type for Experiment 2

Font condition Item type Test response
Remember Know Old
Correlated Old .66 27 93
Lure 41 .38 .78
New .04 12 15
New lure .07 .14 21
Uncorrelated Old .53 .35 .88
Lure .16 44 .60
New .03 11 15
New lure .05 17 21
Unique Old .65 27 92
Lure .09 .39 48
New .02 11 13
New lure .02 .14 .16

Note. Old responses are the summation of remember responses and know responses.

Experiment 1 results

The primary result from Experiment 1 was that font
condition had its strongest effects on false alarms to lure
items (see Table 2). This result is evident in analyses of
lure 4', old-lure 4’, and the proportion of remember
responses to lure items, which are presented below.

Participants in the three groups were approximately
equivalent in terms of old-new A’, F(2,87) = .94,
MS, = .003, w? < .01. However, participants did per-
form differently on lure items across the three font
conditions, F(2,87) = 23.39, MS, = .01, »* = .33. Tu-
key’s HSD post hoc comparisons revealed that lure 4’
reliably differed between all three study conditions
(HSD = .063). Thus, lure 4’ provides evidence that false
recognition increased from the unique (M = .68) to the
uncorrelated (M =.77) to the correlated conditions
(M = .86). The influence of font condition on false
recognition was also evident in analyses of old-lure 4’. A
one-way between-participants ANOVA revealed a sig-
nificant difference among the font conditions, F(2,87) =
11.464, MS, = .016, w*> =.19. Tukey’s HSD post hoc
comparisons (HSD = .08) revealed that old-lure 4" was
lower in the correlated condition (M = .66) than the
unique condition (M = .81) and the uncorrelated con-
dition (M = .77). However, the comparison between the
unique and uncorrelated conditions did not reach the
criterion for significance.

The difference in lure item performance across the
font conditions was primarily reflected in the proportion
of remember responses. Remember responses to lure
items reliably differed across the font conditions
(F(2,87) = 27.838, MS, = .038, w? = .37). Tukey’s HSD
post hoc comparisons (HSD = .13) indicated that there
were more remember responses to lure items in the
correlated condition (M = .52) than in the other two
conditions (M = .23 and M = .17 for the uncorrelated

and unique conditions, respectively), which did not re-
liably differ.

Experiment 2 results

The results of Experiment 2 largely replicated the
results of Experiment 1. In particular, the differences in
false recognition observed as a function of font condition
in Experiment 1 were again evident in the results of
Experiment 2 (see Tables 1 and 3). In contrast to Ex-
periment 1, participants performed differently in terms of
old—new A’ across the three font conditions, F(2,70) =
6.91, MS, =.003, w?>=.14. Tukey’s HSD post hoc
comparisons (HSD = .0104) indicated that A’ was greater
in the correlated (M = .937) and unique (M = .940)
conditions relative to the wuncorrelated condition
(M = .925), but that the correlated and unique condi-
tions did not reliably differ. Lure 4’ and old-lure 4’
showed similar patterns of performance as a function of
font condition as was found in Experiment 1. Specifi-
cally, performance differed in terms of lure 4" across the
three study conditions, F(2,70) = 10.00, MS, =.013,
®* = .20. Tukey’s HSD post hoc comparisons (HSD =
.066) indicated that lure 4’ was higher in the correlated
condition (M = .832) than in the unique (M = .714) and
uncorrelated (M = .747) conditions, which did not reli-
ably differ. Finally, the effects of font condition on lure
items was also evident in old-lure 4’. A one-way repeated
measures ANOVA demonstrated a difference among the
font conditions, F(2,70) = 33.62, MS, = .005, w* = .47.
Tukey’s HSD post hoc comparisons (HSD = .041)
showed that all three groups reliably differed from one
another, with 4’ decreasing from the unique condition
(M = .831) to the uncorrelated condition (M = .761) to
the correlated condition (M = .691).

Also replicating Experiment 1, the patterns of A4’
were primarily reflected in the patterns of remember
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responding. Specifically, remember responses to old
items differed reliably across the font conditions (F(2,
70) = 22.287, MS, = .0079, «* =.37). Tukey’s HSD
post hoc comparisons (HSD = .05) demonstrated that
the correlated (M = .66) and unique (M = .65) condi-
tions showed higher rates of remember responding than
the uncorrelated condition (M = .53), but that the cor-
related and unique conditions did not reliably differ
from one another. Additionally, remember responses
to lure items reliably differed across the font condi-
tions (F(2,70) = 62.682, MS, = .0158, w? = .49). Tukey’s
HSD post hoc comparisons (HSD = .07) indicated that
all three font conditions reliably differed from one an-
other, with remember responding being greatest in the
correlated condition (M = .41), least in the unique
condition (M = .09), and intermediate in the uncorre-
lated condition (M = .16).

The critical finding in these two experiments was that
the patterns of false recognition largely replicated across
Experiments 1 and 2, despite the fact that font condition
was manipulated between participants in Experiment 1
and within participants and lists in Experiment 2. The
occurrence of differences in false recognition as a function
of font condition in both experiments is inconsistent with
the predictions of the distinctiveness heuristic hypothesis
for the effects of font condition on false recognition. If a
global distinctiveness heuristic were producing the dif-
ferential suppression of false recognition in the font
conditions, one would expect those differences to disap-
pear when font condition is manipulated within partici-
pants and lists, a result that did not occur. The results of
these two experiments are also problematic for other
explanations of false recognition that rely on differences
in decision strategies across experimental conditions
(e.g., Hirshman, 1995; Miller & Wolford, 1999), because
decision strategy shifts are unlikely to occur within a
single test list (Stretch & Wixted, 1998). However, the
results of Experiments 1 and 2 are consistent with mem-
ory-based explanations of false recognition, such as the
item specific and relational processing account (Einstein
& Hunt, 1980; Hunt & Einstein, 1981). Recall that
memory based explanations would predict that the effects
of font condition on false recognition should replicate
across between and within participants designs, exactly
the result obtained in these two experiments.

One final question concerns the relationship between
the present results and the prior literature. While we
have demonstrated that the characteristics of the visual
features in which study items are presented affects false
recognition, it is not clear how these results fit within the
greater context of the false recognition literature. Spe-
cifically, the interpretation of performance in the unique
and uncorrelated conditions depends on how one views
the level of performance in the correlated condition.
Thus, it is possible that the presentation of items in the
correlated font condition leads to an increase or decrease

in false recognition relative to the manner in which items
have been presented visually in previous experiments
(e.g., Arndt & Hirshman, 1998; Gallo et al., 2001; Smith
& Hunt, 1998). To investigate this question, we replaced
the uncorrelated font condition with a standard font
condition in Experiment 3. In the standard font condi-
tion, all study items and lures were presented in a
common font (Helvetica).

Experiment 3
Method

Participants

Thirty-six students from Carnegie Mellon University
participated in order to satisfy a research appreciation
requirement.

Materials and design

This experiment again manipulated three font con-
ditions. The correlated condition and the unique con-
dition were the same as described in Experiment 2.
However, the uncorrelated condition was replaced with
a condition in which all study items were experienced in
a single common font. The font chosen for display of
these items was Helvetica. Four themes in each study list
were presented in Helvetica, as well as a comparable
number of new test items from four unstudied themes,
and the lure items corresponding to those themes, both
studied and unstudied.

Procedure

The procedure of Experiment 3 was identical to that
of Experiment 2 with two exceptions. The uncorrelated
condition was replaced with the standard condition. As
a consequence, 105 different fonts were experienced by
participants in this experiment, of which 104 were from
the same pool described for Experiments 1 and 2, and
one (Helvetica) was a common, non-distinctive looking
font utilized to display study and test items assigned to
the standard condition. As with Experiment 2, assign-
ment of: (1) fonts to the correlated and unique condi-
tions; (2) themes to experimental condition; (3) fonts to
themes in the correlated and unique conditions (and
items in the unique condition); (4) themes to be studied
or unstudied; (5) themes to serial position within the
study list; (6) items to serial position within a studied
theme; and (7) items to serial position within the test list
were all determined randomly for each participant using
a computer algorithm.

Results and discussion

The results of Experiment 3 are presented in terms of
old—new A4', lure 4’, and old-lure 4’ in Table 1, and in
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Table 4

Mean proportion of remember, know, and old responses as a function of font condition and item type for Experiment 3

Font condition Item type Test response
Remember Know Old
Standard old .68 .19 .88
Lure 44 28 72
New .05 .10 15
New lure .09 .14 23
Correlated Old 13 15 .89
Lure 47 21 .67
New .03 .09 12
New lure .04 15 18
Unique Old .69 .20 .89
Lure A1 32 44
New .02 .09 A1
New lure .04 .10 .14

Note. Old responses are the summation of remember responses and know responses.

terms of the proportion of remember, know, and old
responses in Table 4. Across the three font conditions,
participants performed differently in terms of old—new
A, F(2,70) = 5.18, MS, =.0005, o?=.10. Tukey’s
HSD post hoc comparisons (HSD = .0126) showed that
A’ was greater in the unique condition (M = .933) and
correlated conditions (M = .931) than in the standard
condition (M = .918), but that the unique and corre-
lated conditions did not reliably differ from one an-
other. Lure 4’ also differed across the three study
conditions, F(2,70) = 6.97, MS, = .012, »* = .14. Tu-
key’s HSD post hoc comparisons (HSD = .063) showed
that 4" was lower in the unique condition (M = .719)
than in the correlated (M = .806) and standard
(M = .801) conditions, which did not reliably differ.
The effects of font condition on false recognition were
also evident in old-lure A’. A one-way repeated
measures ANOVA demonstrated a difference among
the font conditions, F(2,70) =26.429, MS, = .008,
®* = .41. Tukeys HSD post hoc comparisons
(HSD = .051) showed that A" was greater in the unique
condition (M = .817) than in the correlated (M = .707)
and standard (M = .669) conditions, which did not re-
liably differ.

Finally, the effects noted above for 4" were reflected
in the patterns of remember responding for lure items,
but not for old items. The proportion of remember
responses to old items did not reliably differ across
the font conditions (F(2,70) =2.228, MS, =.0138,
? = .03), while the proportion of remember responses
to lure items did (F(2,70) =33.678, MS, = .0408,
w* = 47). Tukey’s HSD post hoc comparisons
(HSD = .11) indicated that fewer remember responses
were given to items in the unique condition (M = .11)
than in the correlated (M = .47) and standard (M = .44)
conditions, which did not reliably differ.

Thus, false recognition in the correlated condition
was found to be roughly comparable in magnitude to
false recognition in the standard visual presentation
condition. Consequently, performance in the unique and
uncorrelated conditions can be interpreted as producing
suppression of false recognition relative to the modal
case of visual presentation used in past studies (e.g.,
Arndt & Hirshman, 1998; Gallo et al., 2001; Smith &
Hunt, 1998). This suppression is especially notable in the
context of prior studies investigating the effect of study
and test modality on false recognition (Gallo et al., 2001;
Smith & Hunt, 1998). These studies demonstrated that
the conditions utilized in the present experiment (visual
study and visual test) produce lower levels of false rec-
ognition relative to conditions in which study lists, test
lists, or both were presented in the auditory modality.

General discussion

As noted above, aspects of these data pose difficulty
for an explanation based upon decision-based processes,
such as the operation of a global distinctiveness heuristic
(Schacter et al., 1999), and favor an account based upon
memory processes independent of decision processes.
Specifically, false recognition was found to vary across
the font conditions in all three experiments reported
here, even when font condition was manipulated within
participants. The comparison of the effects of font con-
dition within and between participants provides a criti-
cal test of the distinctiveness heuristic in particular and
decision-based approaches to false recognition reduction
in general. As detailed above, as well as by Schacter
et al. (1999) and Dodson and Schacter (2001), a dis-
tinctiveness heuristic is unlikely to produce differential
reduction of false recognition across conditions in a
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within-participants design (see, e.g., Stretch & Wixted,
1998 for similar conclusions about within list decision
strategy shifts). Thus, any differences in false recognition
observed when font condition is varied within partici-
pants and lists is likely to reflect memory-based pro-
cesses.

Although these data favor memory based accounts of
false recognition over decision based accounts, they do
not appear to be sufficient to discriminate among dif-
ferent memory based accounts. While we outline one
such account that appears to be a promising explanation
of the effect of the encoding of visual features on false
recognition, we recognize that other explanations are
plausible, a point that we expand upon in our conclud-
ing comments. The particular account that we outline
here combines the encoding process elements from the
distinction between item specific and relational pro-
cessing at study (Einstein & Hunt, 1980; Hunt & Ein-
stein, 1981; Hunt & McDaniel, 1993; Smith & Hunt,
1998) with the representational and retrieval mecha-
nisms of an activation based memory model (e.g., Reder
et al., 2000). The resultant account not only accommo-
dates how true and false recognition are affected by font
condition, but also provides an explanation of why the
patterns of true and false recognition were generally
reflected in participants’ “remember” responses.

Recall that relational information arises from the
processing of the commonalties among study items,
while item-specific information arises from the process-
ing of the differences between study items. The encoding
of relational information, while typically beneficial to
memory performance, would tend to not only improve
the recognition of study items, but also increase the false
recognition of semantically related lure items. In con-
trast, the encoding of item-specific information should
only increase accurate recognition of study items. Thus,
the study conditions that are conducive to the encoding
of relational information will increase both levels of
accurate recognition of study items and false recognition
of lure items, while study conditions that are conducive
to the encoding of item-specific information will only
increase accurate recognition of study items. Finally,
variants of this approach assume that the encoding of
item specific and relational information compete for fi-
nite encoding resources (e.g., DeLosh & McDaniel,
1996; Serra & Nairne, 1993). Specifically, the extent to
which study items promote attention to and the encod-
ing of item-specific information determines how much
relational information is encoded. Thus, conditions that
are conducive to the encoding of item-specific informa-
tion should diminish the encoding of relational infor-
mation relative to conditions that do not promote the
encoding of item-specific information.

The explanation of this theory rests on the assump-
tion that item specific encoding is most prevalent in the
unique condition, less prevalent in the uncorrelated

condition, and least prevalent in the correlated condi-
tion. Because item specific and relational encoding
compete for encoding resources, relational encoding
would be least prevalent in the unique condition, more
prevalent in the uncorrelated condition, and most pre-
valent in the correlated condition. Thus, in the unique
condition, the unusual visual patterns inherent in the
fonts would be expected to produce high levels of item-
specific encoding, because such encoding benefits from
the presence of factors that serve to distinguish one item
from another such as non-overlapping visual informa-
tion. In contrast, the correlated condition would not be
expected to provide very salient item-specific informa-
tion, because the study items shared both semantic and
perceptual features, leaving relatively little information
available to encode that would distinguish among items.
Thus, performance in the correlated condition should be
primarily driven by relational information. Finally, in
the uncorrelated condition, the salience of item-specific
information falls somewhere between the unique con-
dition and the correlated condition. Because fonts in this
condition were repeated as often as in the correlated
condition, there would be less of an expectation of item-
specific encoding relative to the unique condition.
However, because items in each of the themes were
presented in several different fonts, participants would
still have a stronger basis for encoding item-specific in-
formation relative to the correlated condition (i.e., the
perceptual characteristics associated with different study
items varied within themes).

Recollective experience and false recognition

The seminal paper of Roediger and McDermott
(1995), in addition to reporting high levels of false recall
and false alarms to lure items also reported that par-
ticipants often claimed to “remember” lure items. This
recollective report is important because it suggests that
participants believe that the lure item was presented and
that the false recognition of lure items is not due to a
bias to accept a lure because it is related to numerous
study items (Miller & Wolford, 1999; Roediger &
McDermott, 1999). In the present experiments, the font
manipulations had their primary influence on partici-
pants’ tendency to give a remember response, indicating
that participants’ belief that the lure items were pre-
sented was influenced by the font manipulation. Here,
we combine elements of the item specific and relational
processing account with an extant model of representa-
tion and retrieval processes in an effort to explain the
differential recollection phenomenology for lure items as
a function of font condition.

A mechanistic account of recognition, proposed by
Reder et al. (2000), claims that when a word is presented
for study, it activates its corresponding concept node in
memory (Reder et al., 2000, 2002b). Further, during a



12 J. Arndt, L.M. Reder | Journal of Memory and Language 48 (2003) 1-15

study event, a trace is laid down that links the activated
concept of the word to the study context. The trace is
represented as an episode node that is associated with
both the concept node and an experimental context
node. In the recognition memory experiments of Reder
et al. (2000, 2002b), the study lists were comprised of
unrelated words, and thus there was no need to consider
the role that relational or organizational representations
may play in recognition memory. However, using the
same type of network representation and spread of ac-
tivation processes, Reder and Ross (1983; see also Reder
& Anderson, 1980) posited that when subjects encounter
thematically related material, such as multiple sentences
related to the theme of washing clothes, subjects create a
theme node. It seems reasonable to assume that in situ-
ations where the relationships among study items are
salient, such representations are constructed in memory,
and are associated with the concept nodes of the related
study items. Further, as occurs for other representations
that are constructed in a particular context, the theme
node is associated with the experimental context. The
final assumption that is required to explain recollective
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reports for lure items is that subjects often implicitly
generate (Anaki, Faran, & Avishai, 2001; McDermott,
1997; Underwood, 1965) the thematically related target
word during the study of its associates, causing its
concept node to be associated with its appropriate theme
node. Fig. 2 provides a graphical depiction of the rep-
resentational scheme outlined above.

Retrieval from this network representation is gov-
erned by the same spreading activation processes pro-
posed by Reder et al. (2000). At test, the concept node
associated with the probe and the experimental context
node are activated and activation spreads across all of
their associations. Positive recognition memory deci-
sions can be made based upon one of two sources of
information: the activation level of memory traces as-
sociated with the experimental context or the activity
level of an item’s conceptual representation. When the
activation level of a memory trace associated with the
experimental context (i.e., a thematic or episodic repre-
sentation) is sufficiently high, participants will respond
based upon recollection (i.e., they will give it a remember
response). However, when the activation of the theme or
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Fig. 2. Semantic network representation of a studied theme.
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episode node is not sufficient to produce recollection,
participants may still respond based upon the activation
level of the concept node. In contrast to responses based
upon activation of a thematic or episodic representation,
the activation level of conceptual representations, be-
cause they are not directly associated with the experi-
mental context, provide participants with a sense of
how familiar an item is. Thus, if the conceptual repre-
sentation (i.e., the concept node) is sufficiently active,
participants may still endorse an item as old, but they
will do so based upon a feeling of familiarity (i.e., they
will give the item a know response) rather than recol-
lection.

The assumptions of differential encoding (item spe-
cific vs. relational) in the font conditions can be com-
bined with the representation and retrieval assumptions
outlined above, producing the differences in recollective
reports across conditions observed in these experiments
for old items and lure items. Specifically, item-specific
processing would tend to enhance the strength of epi-
sode nodes, while relational processing would tend to
enhance the strength of the theme nodes. Thus, for ex-
ample, in the unique font condition, episode nodes
would tend to be strengthened more than in the other
two conditions, while theme nodes would be strength-
ened the least. In the correlated condition, theme nodes
would tend to be strengthened more than in the other
two conditions, while episode nodes would tend to be
strengthened the least.

Given that (1) the strength of the thematic and epi-
sodic representations are proposed to affect remember
judgments; and (2) the strengthening of thematic and
episodic representations is proposed to vary across
conditions in accord with the principles of item specific
and relational processing previously outlined, this ex-
planation expects the patterns of remember responding
to be similar to those of recognition performance as
measured by sensitivity measures such as A’. Specifically,
study items in the correlated condition tend to be judged
as recollected based upon the high level of activation of
the thematic representation, while study items in the
unique condition tend to be judged as recollected pri-
marily based upon the high level of activation of their
individual episodic traces. However, lure items only
have one possible source for their positive recollection:
the activation level of the thematic representation. Be-
cause this representation will be more active in the
correlated condition, participants will falsely recollect
lure items more often than in the unique and uncorre-
lated conditions. Further, because this representation is
weakest in the unique condition, participants will falsely
recollect its presentation less often than in the correlated
and uncorrelated conditions. Thus, the network repre-
sentation of Reder et al. (2000; see also Reder & Ross,
1983), combined with the differential strengthening of
thematic and episodic representations according to the

principles of item specific and relational processing
provides an account of not only true and false recogni-
tion across conditions (measured in terms of 4’), but also
of the fact that these patterns were primarily reflected in
participants’ remember responses.

Concluding comments

While we have elaborated one theoretical position’s
account of these data, we do not intend to imply that
other theoretical explanations of these data are im-
plausible. Rather, it seems likely that other perspectives
that propose a similar dichotomy to that between item
and relational information could also explain these data
(e.g., Brainerd, Reyna, & Poole, 2000; Humphreys,
1978; Jacoby, 1991; Jones & Jacoby, 2001; Rajaram,
1996, 1999; Yonelinas, 1997). To take one example,
fuzzy trace theory (Brainerd et al., 2000) would offer a
comparable explanation of these results. In particular,
fuzzy trace theory proposes that recognition memory is
due to the encoding of two different types of informa-
tion, verbatim information and gist information. Thus,
verbatim information, the encoding of the physical fea-
tures of study items, roughly maps on to item-specific
information, while gist information, the encoding of
shared meanings among study items, roughly maps on
to relational information. Provided the assumption of
trade-offs in encoding of gist and verbatim information
that is a characteristic of the item-specific and relational
information explanation, fuzzy trace theory would ex-
plain these results in a manner similar to that of the
item-specific and relational processing account.

In summary, we have demonstrated that differences
in the perceptual characteristics of study items can in-
fluence both true and false recognition. The patterns of
false recognition in our experiment are inconsistent with
one account of false recognition suppression following
the study of distinctive visual information, the distinc-
tiveness heuristic (Schacter et al., 1999). At a more
general level, these results are incompatible with the
most straightforward conceptualizations of the influence
of decision based processes on false recognition. Rather,
these data favor a memory based explanation of false
recognition reduction.
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