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The role of spurious feature familiarity in
recognition memory

RACHEL A. DIANA, MARGARET J. PETERSON and LYNNE M. REDER
Carnegie Mellon University, Pitisburgh, Pennsylvania

In two experiments, we investigated the role of perceptual information in spurious recognition judg-
ments. Participants viewed lists of words in various unusual fonts. The frequency with which each font
was presented was manipulated at study: Each font was presented with 1 or 12 different words in Ex-
periment 1 and with 1 or 20 words in Experiment 2. Although the participants were instructed in a word
recognition test to judge only on the basis of the word, regardless of font, there were significantly more
false alarms for new words seen in a previously presented font than for new words presented in a novel
(not seen at study) font in Experiment 1. In Experiment 2, the participants were significantly more likely
to make a false alarm to a new word seen in a font that had been used to present 20 words during study
than to a font that had been used to present only 1 word during study. The data show a mirror effect, in
which words tested in low-frequency fonts produced more hits and fewer false alarms than did words
tested in high-frequency fonts. These results show that irrelevant perceptual information plays a role in
recognition judgments by providing spurious sources of familiarity and, thus, provide evidence that per-

ceptual information is represented and processed in the same way as semantic information.

The phenomenon of false memories has received con-
siderable attention in recent years. Roediger and McDer-
mott’s (1995) reexamination of Deese’s (1959) paradigm
has been seminal in this exploration of the properties
conducive to spurious recollection. In this article, we ex-
plore factors that might exacerbate human susceptibility
to spurious recognition. Roediger and McDermott (1995),
like Deese, used sets of semantically related words to
produce spurious recall and recognition of a critical non-
presented itemn (CNI) that was essentially the prototype
of the set of studied elements (e.g., sleep is the CNI for
bed, night, dream, and yawn) but was not, in fact, stud-
ied. This effect has primarily been attributed to semantic
similarities between words on the list and the CNI (e.g.,
Robinson & Roediger, 1997; Roediger & McDermott,
1995, 2000). Even in Loftus’s (1975, 1979) real-world
studies, the misinformation involved the insertion of a
semantically related term (e.g., yield sign for stop sign).

Indeed, the term semantic memory has often been
used interchangeably with long-term memory, suggesting
that nonsemantic aspects of our memory are somehow in
a different state or memory system. Some researchers
have speculated that use of perceptual information may
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be automatic, whereas conceptual information requires
conscious application (Craik, Moscovitch, & McDowd,
1994). Roediger (1990) has stated that one of the major
dissociations between explicit and implicit memory is
that explicit tests, although sensitive to semantic elabora-
tion, are relatively insensitive to changes in perceptual fea-
tures. In contrast, research has shown that perceptual in-
formation does influence performance on implicit tasks
(e.g., Jacoby, 1983; Rajaram & Roediger, 1993; Roediger
& Blaxton, 1987). Jacoby and Whitehouse (1989) found
that a subliminal flash of a word just prior to its visible
presentation increased participants’ tendency to respond
old. They interpreted this finding as showing that the brief
flash leads to more fluent processing of the word and that
participants attribute perceptual fluency to recognition-
based familiarity. This effect is modulated by the percep-
tual characteristics of the word (Jacoby & Hayman,
1987). That is, words that look more similar to their first
presentation are more easily identified than those that
look different. However, their result does not rule out the
possibility that the word was semantically primed by its
earlier presentation. The goal of this article is to demon-
strate that familiarity judgments can be based on percep-
tual information alone; therefore, in the present experi-
ments, we used a manipulation that isolated the effects of
perceptual information (divorced from semantic infor-
mation) on spurious recognition in explicit tasks.

Arndt and Reder (2003) found that when each word in
a list of semantically related items is presented in a unique
font, the rate of false recognition for the CNI is signifi-
cantly lower than if it is presented in a font that was seen
with 12 other words, whether or not these 12 words were
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from the same semantic list. These results demonstrate
that perceptual information can influence recognition
judgments when it is linked to semantic information.

However, perceptual information can also affect ex-
plicit recognition performance without any semantic
similarity. For example, false alarms has been found for
semantically unrelated but phonologically and ortho-
graphically similar words (Pesta, Murphy, & Sanders,
2001; Sommers & Lewis, 1999). Israel and Schacter
(1997) have shown that distinctive perceptual informa-
tion can influence participants to produce fewer false
memories. Word recognition was affected by changes in
the voice for auditory tasks (Sheffert, 1998), which the
author concluded was evidence that spoken words are
represented in episodic memory traces containing both
conceptual and perceptual information. Graf and Ryan
(1990) found effects of perceptual characteristics when
the encoding task focused on perceptual processing.

Strategy selection can be influenced by perceptual in-
formation without semantic priming, so that spurious
feelings of familiarity are produced. For example, Reder
and Ritter (1992) required participants to make a split-
second decision as to whether or not they would be able
to retrieve the answer to an arithmetic problem or would
need to calculate the answer. The participants’ judgment
of whether the answer was known was influenced by the
number of times the problem operands had been presented
together. When the participants saw a problem with fre-
quently paired operands but a different operator, they
had a spurious feeling of knowing the answer. However,
the participants judged that they did not know the answer
to problems that they had studied when the spatial rela-
tions of the operands were inverted. In this case, the an-
swer was known, but the problem looked unfamiliar, and
the participants responded accordingly. These results
suggest that recognition errors may depend, at least in
part, on the familiarity of superficial aspects and, in par-
ticular, perceptual features of the stimulus.

The evidence presented above indicates that perceptual
information can influence explicit memory tasks in the
same way as semantic information. We believe that this
finding supports the proposal that perceptual information
and semantic information are represented and processed
within the same system. In order to further test our hy-
pothesis, we will examine the effects of the frequency of
the perceptual information on the production of false
memories. Reder, Donavos, and Erickson (2002) demon-
strated that perceptual cues extraneous to the recognition
judgment might affect accuracy. In that study, words were
presented in one of 150 unusual fonts. At test, words
could be re-presented in the font seen at study (original),
a font seen at encoding with a different word (used), or an
unstudied font (novel). Memory performance was better
when the font matched between study and test; however,
this perceptual match effect was greater when the font
was presented at a lower frequency. This effect occurred
even though the participants were explicitly told to base
their judgments on the word, regardless of the font.
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Our explanation for the perceptual match effect’s
being modulated by font frequency (the number of words
studied with a font) is analogous to the account of the
word frequency mirror effect! (e.g., Glanzer & Adams,
1985; Glanzer, Adams, Iverson, & Kim, 1993) offered
by Reder et al. (2000). That account posits that recogni-
tion can be based on one of two processes, familiarity or
recollection, and that prior experience with information
affects these processes differently. As words, fonts, and
other types of information are seen more often, the num-
ber of associations with the concept increases, thereby
decreasing the likelihood of retrieving any specific
memory trace associated with it. This decrease in recol-
lection occurs because the amount of activation that can
spread to any contextual association depends on the
number of competitors sharing the activation. The less
the amount of activation that arrives at a contextual
trace, the less likely it is that it will surpass the retrieval
threshold. However, when a concept is experienced more
frequently, its base activation is raised, making it more
prone to elicit a familiarity response and, thereby, rais-
ing the number of hits and false alarms. This account of
the perceptual match effect proposes that the effects ob-
served are based on differences in retrieval of informa-
tion, rather than on differences at time of encoding.

This dual-process account of the mirror effect for
word frequency predicts changes based on the familiar-
ity of semantic information. Because we propose that
perceptual and semantic information have the same
properties in memory, we wish to test this account’s pre-
dictions under this assumption. Therefore, we would ex-
pect to find similar effects based on perceptual similar-
ity alone. Some evidence has already been provided by
Reder et al. (2002), who demonstrated that the effect of
manipulated font frequency (or fan, as they call it) on
hits and d’ and found better recognition for studied
words that were tested in the original font. Recognition
was further improved when the font had not been stud-
ied with other words than when it had been studied with
many words. We reanalyzed Reder et al.’s (2002) Exper-
iment 2 data to determine whether there would be a spu-
rious perceptual familiarity effect on false alarms and
found a significant effect [F(2,52) = 4.53, p < .05], such
that the percentage of false alarms was least when words
were presented in novel fonts and greatest for words tested
in high-frequency fonts. Their Experiment 3 results did
not reach significance on the same contrasts, but the trend
was replicated.

The goal of the present study was to further explore
(1) how false recognition can be influenced by nonse-
mantic aspects of test stimuli and (2) whether perceptual
information behaves analogously to semantic informa-
tion. Specifically, we investigated the effects of extrane-
ous perceptual cues on the false alarm rate and the mir-
ror effect, as modulated by font frequency. Therefore, we
hypothesized that these experiments would show that
false alarms can be made to perceptually familiar stim-
uli, modulated by the frequency of the perceptual char-
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acteristics. That is, false alarms are made on the basis of
the font information stored in memory, as well as on the
basis of semantic information.

EXPERIMENT 1

Method

Participants. Thirty-three undergraduates at Carnegie Mellon
University participated for partial fulfillment of a research experi-
ence requirement. The 15 participants who were randomly assigned
to the delay condition were also paid $5 for the second session.

Design and Materials. The design consisted of four factors:
delay (immediate test or 1-week-delayed test), font frequency
(high-frequency font, low-frequency font, or novel font), word sta-
tus (studied or not studied), and font-matching condition (original,
used, or novel). Test delay was the only between-subjects factor. We
manipulated delay in case participants’ memory performance was
at ceiling in the immediate condition. The original-font-matching
condition was undefined for nonstudied test words, and thus the de-
sign was not fully factorial.

The stimulus materials were 240 words and 150 unusual fonts
(see Figure 1 for examples of the fonts used). The assignment of
words to fonts and each word-—font pair to condition was randomly
determined for each participant. For the 120 words presented at
study, half were seen with a high-frequency font (seen with 12
words at encoding), and half with a low-frequency font (seen with
only 1 word). Half of the words studied in each font frequency con-
dition were tested in their encoding font (original), one quarter in a
font seen with a different word (used), and one quarter with a font
not seen during encoding (novel). For used fonts, the level of font
frequency was maintained from study to test (e.g., words studied in
a high-frequency font were shown in another high-frequency font).
Of the 120 new words presented at test, three quarters were pre-
sented in a font that had been seen during the encoding phase (a
used font), and one quarter were presented in a novel font. New
words in the used condition were divided evenly between high- and
low-frequency fonts.

Procedure. The participants were tested individually either at
two sessions separated by a week or all in one session (40 min total).
All the participants were led to believe that they would come back
for a second session. The experiment was presented on a Macin-
tosh computer running PsyScope (Cohen, MacWhinney, Flatt, &
Provost, 1993). )
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During the study phase, the participants were instructed to judge
the appropriateness of a font for word meaning. They were not in-
formed of the subsequent memory test. During each trial, a word
appeared in the center of the screen for 2 sec before being replaced
with a 4-point Likert scale in which 1 indicated very inappropriate
and 4 indicated very appropriate. After this study phase, the par-
ticipants assigned to the delay condition were excused and in-
structed to return a week later to complete the experiment. The
other group immediately began the test phase of the experiment.
The instructions given to both groups were otherwise identical.

In the test phase, the participants were instructed to silently read
a word that was displayed in the center of the screen and to respond
by pressing one of three keys: “N” (new) if they felt the word was
not presented during the study phase, “R” (remember) if they had a
conscious recollection of experiencing the word in the study phase,
or “K” (know) if they believed that the word had been on the orig-
inal list but did not consciously remember experiencing it.3 It was
emphasized to the participants that when making a judgment as to
whether a word had been seen, they were to take into account only
the word itself, regardless of the font. Words were presented one at
a time and remained on the screen until the participants chose one
of the three possible responses.

Results and Discussion

Table | presents the hits, false alarms, and d” scores
for the immediate test condition as a function of font fre-
quency and font match. Table 2 presents the analogous
data for the delay condition. The data were analyzed ac-
cording to the frequency of the font used at test. For the
original and the used conditions, the retrieval and en-
coding font frequencies were the same. Half of the words
presented at test in a novel font were encoded with a
high-frequency font, and the other half with a low-
frequency font. Our account of font frequency effects
posits that the manipulation affects retrieval, rather than
encoding. Therefore, we expected that there would be no
difference in performance for studied words encoded in
a high-frequency font but tested in a novel font versus
studied words encoded in a low-frequency font but tested
in a novel font. Consistent with our account, these con-
ditions did not produce a significant difference in hits
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Figure 1. Examples of the fonts used in the experiment.



Table 1
Proportions of Hits and False Alarms (FAs) and Mean d’ Scores
as a Function of Font Match and Font Frequency Conditions
for the No-Delay Condition in Experiment 1

Frequency Condition

Novel
Font Match High Low (Collapsed)
Condition Hit FA 4 Hit FA d' Hit FA d'
Original .87 NA 145 91 NA 186
Used 79 42 111 81 37 132
Novel 76% 79% 78 33 134

Note—See the Results section of Experiment 1 for an explanation of
the reason for examining only the collapsed data in the novel condi-
tion. *Frequency condition reflects the font used at study.

[¢(32) = —1.16] or in d’ [#(32) = —1.09]. On the basis
of these findings, all subsequent analyses will collapse
across encoding condition to create one novel condition.

Replicating Reder et al. (2002), we found that in the
immediate testing condition, d’* was better when the test
font had only been studied with one word, rather than
with many words [F(1,17) = 26.74, p < .0001] and
when the encoding and the test fonts matched [F(1,17) =
9.34, p < .01]. In order to test the effect of delay, and be-
cause the experimental design was not fully factorial (we
make no distinction between high and low frequency for
the novel condition), we treated the various font condi-
tions as five levels of one factor that was crossed with
delay. There was a main effect of delay on 4’ [F(1,31) =
30.785, p < .001] and an interaction between font condi-
tion and delay [F(4,28) = 4.377, p < .01]. By dropping
the novel condition, we could perform an analysis of
variance (ANOVA) on font frequency, font match (be-
tween study and test), and delay. There was a significant
interaction between font frequency and delay [F(1,31) =
10.963, p < .01] and between match condition and delay
[F(1,31) = 4.20, p < .05], but no three-way interaction
(F < 1).5 These effects on d’ indicate that the pattern of
the data cannot simply be attributed to a response bias.

Our main concern, however, was the effect of font fre-
quency on false alarms. Figure 2 shows the false alarm
rates as a function of font frequency and delay. There
was a main effect of font frequency [F(2,62) = 15.37,
p < .001], so that more false alarms were elicited when
foils were presented in high-frequency fonts than in
novel (unstudied) fonts. Also, a mirror pattern was found
in the immediate testing condition: The participants pro-
duced more hits for words presented in low-frequency
fonts and more false alarms for words presented in high-
frequency fonts. An ANOVA performed on the used con-
dition for no-delay participants showed a marginally sig-
nificant interaction between hits/false alarms and font
frequency [F(1,17) = 3.95, p = .06]. When word fre-
quency is manipulated, the same pattern is reported, in-
dicating that perceptual features (font) affect memory in
a fashion similar to that for aspects of lexical/conceptual
memory. The pattern in the delay condition was different:
The participants produced both more hits and more false
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alarms when viewing words presented in high-frequency
fonts. This concordant pattern is similar to that seen in
word frequency experiments when participants’ oppor-
tunities to recollect are reduced by manipulating the study
phase (e.g., Joordens & Hockley, 2000) or when the pop-
ulation studied is made up of amnesic individuals (e.g.,
Huppert & Piercy, 1976).

An ANOVA on false alarms showed a main effect of
delay [F(1,31) = 8.44, p < .01], so that participants made
more false alarms when the retention interval increased.
The interaction of delay with font frequency was not re-
liable [F(2,62) = 1.20, p > .05]; however, there was a
suggestion that the effects of font frequency varied with
delay, and we decided to examine these effects, using
t tests.® For the participants tested immediately after the
encoding phase, the contrast between high- and low-
frequency fonts was only marginally significant [¢(17) =
1.88, p = .07], but new words presented in a novel font
produced fewer false alarms than did words presented in
a low-frequency font [#(17) = 2.53, p < .05]. On the other
hand, at a 1-week delay, the difference in false alarm rates
for words presented in a high-frequency font was reliably
larger than that for words presented in a low-frequency
font [£(14) = 2.83, p < .05], whereas the difference be-
tween low-frequency and novel fonts was not reliable
[#(14) = 1.07,p > .05].

We suspect that the relative familiarity of the fonts in
the conditions changed over time, resulting in a reliable
difference between the novel and the low-frequency font
in the immediate condition, but not after the delay. Per-
haps after a week’s delay, the participants found fonts
that had been seen 12 times familiar, whereas fonts that
had been seen only once were not appreciably more fa-
miliar than those not seen at all. Conceivably, the high-
versus low-frequency difference could be obtained in an
immediate test if the frequency difference was accentu-
ated. This was our motivation for Experiment 2.

EXPERIMENT 2

Experiment 2 was similar to Experiment 1, with the
following exceptions. Having demonstrated that partici-
pants can make false alarms on the basis of perceptual

Table 2
Proportions of Hits and False Alarms (FAs) and Mean d” Scores
as a Function of Font Match and Font Frequency Conditions
for the Delay Condition in Experiment 1

Frequency Condition

Novel

Font Match High Low (Collapsed)
Condition Hit FA 4" Hit FA 4" Hit FA d’
Original .79 NA 064 .69 NA 051
Used 76 64 044 64 53 033
Novel 57* .59* 58 48 0.28

Note—See the Results section of Experiment 1 for an explanation of
the reason for examining only the collapsed data in the novel condi-
tion. *Frequency condition reflects the font used at study.
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Figure 2. False alarm rate as a function of frequency of font use in the
experiment and delay of test for Experiment 1.

information, we wanted to focus on differences that are
based on the frequency of the font. The delayed test was
dropped because there was no evidence that ceiling ef-
fects had been a problem in Experiment 1. Experiment 2
focused on high- versus low-frequency fonts exclusively.
In an effort to maximize the chance of getting a reliable
difference in the immediate test condition, we increased
the number of presentations in the high-frequency font
condition from 12 to 20 and dropped the novel font con-
dition. The contrast between novel and studied fonts on
false alarms had already been replicated in Experiment 2
of Reder et al. (2002) and in the present Experiment 1,
so we felt it was not needed. Also, without the novel font
condition, the participants might be more sensitive to the
familiarity difference between the high- and the low-
frequency fonts. The novel font condition provided the
participants with response choices that had no familiar-
ity, making the other two levels of familiarity seem more
similar. Furthermore, given the tacit desire to keep the
old/new responding at around 50%, the participants might
be more inclined to judge words as new with a rarely ex-
posed font when there were no choices that provided less
familiarity. The notion that people adjust their criterion
for familiarity-based responding has been proposed else-
where and has explained response patterns in word and
pseudoword frequency effects (Reder et al., 2000).

Method

Participants. The participants were 28 undergraduates at
Carnegie Mellon University, who participated for partial fulfill-
ment of a research experience requirement.

Design and Materials. Experiment 2 was identical to Experi-
ment I, except that the number of presentations for high-frequency
fonts was increased and the novel font and delay conditions were
dropped. Because we increased the number of presentations of
high-frequency fonts, the total number of words used also increased
from 240 to 400. Of the words that had been seen during study, half
were presented at test in their original font, and half in a used font

(a different font of the same frequency). For new words, half were
shown in high-frequency fonts, and half in low-frequency fonts.

Procedure. The procedure of Experiment 2 was identical to that
of the no-delay condition in Experiment 1, except that the length of
the session was slightly increased (approximately 50 min).

Results and Discussion

Table 3 presents hits, false alarms, and &’ as a function
of font frequency and font match (whether the font at test
was the original encoding font or one that had been used
with another word). A 2 (font frequency) X 2 (font
match) ANOVA on d’ once again showed a main effect
of font frequency [F(1,27) = 22.345,p < .001]. That is,
words presented in low-frequency fonts had higher 4’
scores than did those presented in high-frequency fonts.
A main effect of matching was also found [F(1,27) =
37.904, p < .001], so that words tested in the original en-
coding font were more easily recognized than those
tested in used fonts. There was no significant interaction
between font frequency and match condition [F(1,27) =
2.860, p > .05]. These d” effects were driven by the hit
rates. The same patterns were found for the hit rates for
both font frequency [F(1,27) = 14.771, p < .001] and
font matching condition [F(1,27) = 28.931, p < .01],
with no interaction (F < 1).

Of central interest was the effect of font frequency on
false alarms. Because new words could not be tested in

Table 3
Proportions of Hits and False Alarms (FAs) and Mean 4’ Scores
as a Function of Font Match and Font Frequency Conditions
in Experiment 2

Frequency Condition

Font Match High Low
Condition Hit FA d’ Hit FA d
Original 81 NA 1.18 .86 NA 1.53
Used 75 43 0.95 78 40 1.16




their original fonts (undefined), the design was not a
complete factorial, so ¢ tests were used instead of an
ANOVA to examine the effects of font frequency on
false alarm rates. As was predicted, unstudied words
presented in high-frequency fonts were erroneously
judged as old significantly more often than foils pre-
sented in low-frequency fonts [#(27) = 2.60, p < .05].

Finally, it is interesting to note that font frequency has
the opposite effect on hits and false alarms, with words
tested in low-frequency fonts producing more hits and
fewer false alarms than did words tested in high-
frequency fonts. Indeed, an ANOVA examining the rela-
tionship between hits/false alarms and the font fre-
quency for the used condition found a significant
interaction [F(1,27) = 22.282, p < .001]. This finding
replicates the borderline significant mirror effect found
in Experiment 1. As was discussed earlier, this result is
reminiscent of the mirror effect observed for low- versus
high-frequency words.

GENERAL DISCUSSION

In two experiments, we have demonstrated a greater
tendency for false alarms to unstudied words in familiar-
ized fonts than for words in novel fonts. In Experiment 1,
with delay, low-frequency fonts were treated like novel
fonts. In Experiment 2, unstudied words presented in
high-frequency fonts (seen with 20 other words) were
spuriously recognized significantly more often than foils
presented in a font that had been seen with only 1 other
word. Although the participants were instructed to make
their recognition judgments on the word alone, these per-
ceptual cues clearly affected their judgments. The data
show a mirror pattern in which low-frequency fonts re-
sult in more hit responses but fewer false alarm re-
sponses. Here, we have also replicated Reder et al.’s
(2002) result that these superficial, perceptual features
facilitate veridical recognition (measured in d’ to tease
out effects due to response bias). This facilitation of
retesting in the original encoding font was modulated by
the number of other words encoded in that font.

These data challenge single-process models of recogni-
tion memory. The mirror effect of font frequency is espe-
cially difficult for such models to explain, given that they
propose that memory consists of a familiarity process
only. Straightforward interpretations of single-process
models, such as MINERVA 2 (e.g., Hintzman, 1984,
1988), would predict more false alarms and more hits to
a word that is highly familiar due to a high-frequency
font, as compared with words in unfamiliar fonts. Accord-
ing to MINERVA 2 (Hintzman, 1984, 1988), the tendency
to identify a probe as old increases with the number of list
items that partially match the probe for both targets and
foils. Probe words that are presented in a high-frequency
font can be described as partially matching (in their per-
ceptual features) a greater number of items on the study
list than do probe words that are presented in a low-
frequency font. Thus, this interpretation of MINERVA 2
would predict a concordant pattern of responses.
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Our explanation for these results is based on a dual-
process model of recognition memory (SAC) in which
recognition can be based either on retrieving the episodic
memory trace or on a generalized sense of familiarity of
the stimulus. The episodic trace is postulated to be asso-
ciated both to the word and to the contextual features of
the encoding event. At test, the context, the font, and the
word send activation out to all of their associations. The
amount of activation that accrues at the relevant episode
node depends on the number of competing associations.
If a word is studied and tested in the same unusual font
that is not studied with other words, all activation from
that font is sent to the episode node, boosting the chance
of a recollection. In SAC simulations, familiarity judg-
ments are based on the activation level of the concept
node. High-frequency words have a higher base-level ac-
tivation (due to more prior exposures) and, thus, gener-
ate more false alarms (e.g., Reder et al., 2000).

It has become apparent from this study that the famil-
iarity of the font affects familiarity judgments in an anal-
ogous fashion to familiarity of the concept. A font seen
with many words provides less activation to the episodic
trace, resulting in a diminished hit rate. Conversely, a
font at test that has been seen many times at study will
elicit a feeling of familiarity, regardless of whether or not
the word presented in that font had been studied. This re-
search provides compelling evidence that semantic in-
formation and perceptual information affect memory in
the same way. In particular, we have demonstrated, in
two experiments, a mirror effect, based on frequency of
perceptual characteristics, that is reminiscent of mirror
effects based on frequency of semantic information
(Glanzer & Adams, 1985; Glanzer et al., 1993). Overall,
it is clear that human memory is vulnerable to false
recognition based on a number of different features. In-
creased familiarity with any portion of a new stimulus,
whether relevant or spurious, conceptual or perceptual,
can lead to false recognition.
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NOTES

1. The mirror effect refers to the phenomenon that two distinct classes
of items, such as high- and low-frequency words, produce opposite or-
derings in likelihood to respond old in recognition tests, depending on
whether the item had actually been studied. That is, the hit rate is higher
for low-frequency words than for high-frequency words, whereas the false
alarm rate is higher for high-frequency words than for low-frequency
words. When these results are plotted as two functions, one for hits and
one for false alarms, they are mirror images—hence, the name.

2. We called the manipulation font fan rather than font frequency in
deference to the underlying theoretical construct that motivated our
predictions—the number of competing associative links was manipu-
lated along with frequency. In both studies, frequency/familiarity and
fan are perfectly correlated. However, since we will be more interested
in the effects of the familiarity of the font than in the number of links
that emanate from it, we will use the term frequency.

3. We collected remember—know judgments for both Experiments 1
and 2; however, due to space constraints, please refer to Reder et al.
(2002) for a discussion of the data. The present experiments showed a
pattern similar to that seen in Reder et al. (2002, Experiment 3). That
is, in both experiments and in Reder et al. (2002), there were more re-
member hits in the original condition than in the used condition, as well
as more remember hits for low-frequency fonts than for high-frequency
fonts. All three experiments also showed an interaction between font
match and font frequency for remember hits, so that the greater tendency
to give remember responses for low- than for high-frequency fonts was
much larger in the original condition than in the used condition.

4. The d’ value for the original condition was calculated using the
false alarm rate of the used condition, due to the fact that the design was
not fully factorial. It is not possible to present new words in their orig-
inal font, because they have not been seen previously.

S. The interaction between font frequency and match showed the
same pattern as that found in Reder et al. (2002), although it was not sta-
tistically significant (¥ < 1). However, the interaction was reliable in
the remember responses [F(1,17) = 5.974, p < .05}, so that the advan-
tage of a low-frequency font (i.e., studied only with one word) over a
high-frequency font was greater when the font had been studied with the
same word rather than with some other word. Consult Reder et al.
(2002) for the theoretical explanation for this pattern.

6. Although  tests are not strictly endorsed when the higher level
interaction is not reliable, we felt that these tests would be informative.
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