
Several recent studies have found that memory for 
words is affected not only by whether the font studied 
during encoding is reinstated at test (Graf & Ryan, 1990), 
but also by the number of other words that share the font 
(Diana, Peterson, & Reder, 2004; Reder, Donavos, & Er-
ickson, 2002). This effect has been called the font fan ef-
fect, because the postulated memory representations vary 
in the number of contextual associations that “fan” out 
from the node that represents a particular font (see Fig-
ure 1). The mechanistic account of this result proposed by 
Reder et al. (2002) assumes that the amount of activation 
that spreads from the font source to the node representing 
the encoding event varies as a function of the fan or num-
ber of competitors that share the activation. Further de-
tails about the font fan effect on memory will be discussed 
later. The important issue to understand at this juncture 
is that these memory effects have been assumed to result 
from retrieval processes.

Alternatively, it is possible that the font fan effect re-
flects an effect of distinctiveness, whereby participants 
pay more attention to distinctive fonts (i.e., those that were 
shown fewer times during encoding). It has been well es-

tablished in the memory literature that distinctive stimuli 
are better remembered than nondistinctive stimuli, and, 
conceivably, the effect of “contextual fan” of the features 
that we manipulate might well be only an expression of 
this distinctiveness. For example, it has been shown that 
both semantically distinctive words (e.g., Hunt & Mitch-
ell, 1982; Rajaram, 1998; Schmidt, 1985) and perceptu-
ally distinctive items (e.g., Hunt & Elliott, 1980; Hunt & 
Mitchell, 1982; Rajaram, 1998; Zechmeister, 1972) im-
prove recognition memory.

Prior theorists have suggested two basic types of distinc-
tiveness effects: those due to primary distinctiveness and 
those due to secondary distinctiveness (Schmidt, 1991). 
Primary distinctiveness effects occur when the properties 
of an item deviate from the properties of other items in a 
given study list. Such distinctiveness effects have been 
demonstrated by isolating physical features, such as font 
size or color of an item, from other items in a list (e.g., 
Fabiani & Donchin, 1995; Kishiyama & Yonelinas, 2003) 
or by isolating an item from other items in a list via mem-
bership in a semantic category (Fabiani & Donchin, 1995; 
Geraci & Rajaram, 2004; Hunt & Lamb, 2001; Schmidt, 
1985; von Restorff, 1933). In these cases, the isolating 
feature was contrasted with other homogeneous features 
in the experimental context. Secondary distinctiveness, on 
the other hand, occurs when the properties of an item devi-
ate from the properties of items in one’s semantic memory, 
or long-term store. Thus, this type of distinctiveness ef-
fect occurs when deviance can be defined in terms of dis-
similarity of an inherent characteristic of an item relative 
to the characteristics of a class of items or a particular 
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study list. An example of this type of distinctiveness effect 
is the memory advantage of orthographically uncommon/ 
exceptional words over regular words (Hirshman & Jackson, 
1997; Hunt & Elliott, 1980; Rajaram, 1998). Given this char-
acterization of distinctiveness effects, font fan effects may 
be thought of as an instance of primary distinctiveness.

One central question in the literature on distinctiveness 
effects is the extent to which the memory advantage for 
distinctive items derives from encoding-based processes 
(e.g., salience or enhanced attention; Fabiani & Donchin, 
1995) or retrieval-based processes (e.g., item-specific 
processing used to access details of an encoding episode; 
Hunt & McDaniel, 1993). Whereas the literature on dis-
tinctiveness effects in recall has generally suggested that 
retrieval processes must play at least some role (Schmidt, 
1991), the literature on distinctiveness effects in recog-
nition memory has been less clear on the mechanisms  
involved.

As noted above, Reder et al. (2002) attributed fan effects, 
and by association, font distinctiveness effects, to retrieval-
based processes. Hunt and his colleagues (Dunlosky, Hunt, 
& Clark, 2000; Hunt, 2003; Hunt & Lamb, 2001; Hunt 
& McDaniel, 1993; Hunt & Smith, 1996; Smith & Hunt, 
2000) have consistently argued that distinctiveness func-

tions to separate items in memory from one another at re-
trieval. Further, Hunt (2003) has recently argued that dis-
tinctiveness can play a role both to enhance recollection of 
studied items as well as to reject familiar, unstudied items. 
Rajaram (1998) argued that distinctiveness is critical to 
the experience of recollection phenomenology, whereby 
items that contain perceptually or conceptually distinctive 
features give rise to the experience of recollection. Thus, 
these three perspectives would all argue that font fan effects 
are a product of retrieval-based processes. On the other 
hand, Kishiyama and Yonelinas (2003) have suggested 
that distinctiveness influences recognition memory due 
to processes occurring at both encoding and retrieval. In 
particular, Kishiyama and Yonelinas argue that distinctive-
ness influences both recollection- and familiarity-based 
recognition memory. Further, these authors argue that the 
effect of distinctiveness on recollection is produced by 
 encoding-based factors, whereas the effect of distinctive-
ness on familiarity is produced by retrieval-based factors. 
Finally, many standard views of distinctiveness effects 
largely attribute the memorial advantage of distinctiveness 
to encoding-based processes, such as enhanced attention 
(e.g., Jenkins & Postman, 1948) or salience (e.g., Green, 
1956; see Schmidt, 1991, for a review).

Figure 1. An illustration of the representation of memory traces for words presented in unusual 
fonts that were seen with different numbers of other words.
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We now turn to a description of the theoretical frame-
work that inspired these experiments. Although the central 
claim of this theory—that retrieval-based processes pro-
duce font fan effects—is also a property of other theories 
of distinctiveness (Hunt & McDaniel, 1993; Rajaram, 
1998), the framework that was used to conceive of these 
studies possesses an explicit mechanism for producing 
font fan effects: contextual competition. In contrast, other 
retrieval-based theories of distinctiveness effects in rec-
ognition do not provide as detailed an account of the pro-
cesses at work in producing font fan effects. As we will 
show below, the notion of contextual competition provides 
several detailed predictions that are tested in our studies. 
Thus, we highlight the account outlined by Reder and col-
leagues (2002) as an organizing framework for thinking 
about the font fan effect. The point is to argue not that 
contextual competition is the only explanation, but rather 
that it provides several novel predictions that are amenable 
to testing, which we explore in these studies.

Brief Description of the Source of Activation 
Confusion Model for Recognition Memory

As illustrated in Figure 1, the basic memory represen-
tation that is assumed by the source of activation confu-
sion (SAC) model to account for recognition performance 
involves two types of memory representations: concept 
nodes and episode nodes (e.g., Reder et al., 2002; Reder 
et al., 2000).1 Concept nodes encapsulate the history of ex-
perience with any particular word, such as its meaning(s), 
the number of prior exposures to that word, and the re-
cency of those exposures. Episode nodes encapsulate the 
details of a particular encounter with a word, such as the 
room context, the experimenter, the feelings that the par-
ticipant had at the time of the experiment, and so forth. 
When a word is studied in an experiment, the information 
that is bound to the episode node comes from the concept 
node and from the experimental context. The latter infor-
mation can be represented as a single node when all the 
features of the context are thought to be the same across 
all studied items. When aspects of the study context, such 
as visual features of the studied words (e.g., fonts) vary 
from item to item, then those features will be bound sepa-
rately to the episode node because they are not general 
aspects of the study context.

On a recognition test, participants are assumed to make 
decisions based on one of two processes: recollection 
or familiarity. Recollection judgments are based on the 
ability to retrieve the episode node, whereas familiarity 
judgments are usually based on the level of strength of 
the concept node and rarely (spuriously) on the level of 
activation of the font node (Diana et al., 2004). The pre-
sentation of a word on a recognition memory test activates 
that word’s concept representation, causing it to spread 
activation across its associations. Further, the presenta-
tion characteristics of a word on a recognition test are also 
activated, such that a font’s representation spreads activa-
tion across its associations (e.g., Arndt & Reder, 2003; 
Reder et al., 2002). If the font that is used at test matches 
the font encoded with the word during study, then the font 

that is activated will have a link to the episode node rep-
resenting the presentation of that word in the study list. 
The link between the font node and the episode node will 
allow for activation to spread from the font to the episode 
node, thereby increasing the activation level of the episode 
node. If the activation that accrues at an episode node is 
sufficiently high, that episode will be retrieved, and the 
participant will recollect that word’s presentation in the 
experiment. On the other hand, if memory search is un-
successful in retrieval of the episode node, a person may 
still make a positive recognition judgment if the concept 
node is sufficiently active. However, recognition judg-
ments based on the concept node are familiarity based. 
Font features can also be used as a source of familiarity 
when font fan has its effect on false alarms, but it does not 
always happen (Diana et al., 2004).

The retrieval explanation for font fan effects within the 
SAC model is based on the notion that words studied in 
low-fan fonts will receive more activation from the repre-
sentation of the font in which they were presented during 
study if that font is again used to present the words at test. 
Further, the recognition of words presented in low-fan 
fonts should improve due to improved ability to retrieve 
episode nodes, because font representations are associated 
with the episode nodes of items presented at study. Thus, 
the SAC model posits that the influence of font fan on rec-
ognition memory should produce differences in recollec-
tion and not differences in familiarity. The mechanism that 
produces differential activation spread to words presented 
in low-fan fonts (when compared with words presented in 
high-fan fonts) is contextual competition, implemented in 
the model as the number of associations emanating from 
a font’s representation. Thus, a font that is studied with a 
single word in the study list will be a better retrieval cue 
than a font that is studied with many words in a study list, 
because in the latter case, the font will distribute its activa-
tion at test across a much larger array of associations than 
in the former.

In the present article, we seek to add to the extant litera-
ture in two ways. First, we seek to further test the extent to 
which font fan effects are driven by encoding- or retrieval-
based processes with two experiments that hold the per-
ceptual distinctiveness of study items constant, while vary-
ing the distinctiveness of perceptual features reinstated at 
retrieval in a recognition memory task.² Second, we seek 
to examine the extent to which the memorial advantage of 
presenting test words in distinctive fonts is associated with 
recollection- or familiarity-based recognition.

To examine whether the number of contextual associa-
tions to a font has a greater effect on retrieval competition 
at test than a differential influence at encoding, we at-
tempted to equate item processing and overall distinctive-
ness of study items. This was accomplished by presenting 
each list item with two features, one distinctive (low fan) 
and one less distinctive (high fan). At test, only one of the 
two features was reinstated, either the low-fan or the high-
fan feature. By equating the distinctiveness of the stimu-
lus during encoding, we could measure the effectiveness 
of the two types of cues at retrieval and thereby examine 
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the SAC retrieval-based account. As outlined above, two 
theories of the role of distinctiveness in recognition (Ra-
jaram, 1998; Reder et al., 2002) suggest that distinctive-
ness should have its primary influence on recollection-
based recognition memory. On the other hand, Kishiyama 
and Yonelinas (2003) have suggested that not all types of 
distinctiveness influence recollection alone, with some 
types of distinctiveness influencing both recollection and 
familiarity. Specifically, Kishiyama and Yonelinas have 
proposed that the effects of distinctiveness on recollection 
are a product of processes that occur at encoding, whereas 
the effects of distinctiveness on familiarity are a product 
of processes that occur at retrieval.

EXPERIMENT 1

In this experiment, two perceptual features (color and 
font) were associated with each word. The goal was to keep 
the overall distinctiveness of each word constant during en-
coding by presenting studied words in one high-fan feature 
(i.e., used to present many other words) and one low-fan 
feature (i.e., used to present few other words). At test, only 
one of the two features was reinstated with the word, while 
the other feature was kept neutral. For example, if font was 
to be neutral at test, the word would be presented in a com-
mon font such as Times Roman; if color was to be neutral 
at test, the color of the font would be black instead of one 
of the colors utilized to present items at study.

If perceptual distinctiveness affects the amount of atten-
tion allocated during encoding, then we would not expect 
a difference in recognition performance for words tested 
with their low-fan versus their high-fan feature, because 
all words were studied under the same encoding condi-
tions. On the other hand, if the fan manipulation of the 
encoding features of a word has its memory effect from 
contextual competition at retrieval, then we should ob-
serve a difference in memory performance based on the 
fan of the reinstated context cue at test. An additional test 
of the SAC theoretical account is that these retrieval-based 
effects should come from the recollection component of 
recognition rather than familiarity-based responding. Ac-
cording to the SAC model, the low-fan test cue should 
provide more activation to the episode node than the high-
fan cue, which in turn will increase the likelihood that the 
episode node will be retrieved. This means that the effect 
of reinstating the feature at test should have its impact on 
the recollective processes rather than the familiarity-based 
processes. This prediction was evaluated by asking par-
ticipants to provide remember–know judgments (Tulving, 
1985). Therefore, according to the SAC model, one would 
expect the influence of font fan to be realized in both hit 
rates and remember responses. Thus, this experiment also 
serves to examine whether font distinctiveness effects are 
driven by recollection-based processing, as asserted in the 
SAC model and the distinctiveness-fluency account (Raja-
ram, 1996, 1998), or whether font distinctiveness effects in-
fluence both recollection- and familiarity-based processes 
(Kishiyama & Yonelinas, 2003).

Method
Participants. Twenty-six Carnegie Mellon University students 

participated in Experiment 1A and 24 participated in Experiment 1B 
for research experience credit.

Design and Materials. We conducted two versions of the ex-
periment, in which we varied the nature of the perceptual features 
associated with the study words. During study, each word was pre-
sented in an unusual font as one contextual feature. With regard to 
the other contextual feature, Experiment 1A varied the color of the 
background on the computer screen, and Experiment 1B varied the 
color of the font. Given that colors have far greater preexperimental 
exposure than do these atypical fonts, the degree to which varying 
experimental fan of the color cue would affect performance was 
unclear. Because of this uncertainty, we instantiated color as a con-
textual feature two different ways. For expositional purposes, we 
treat these two different implementations of the color feature as the 
same manipulation, because the two variants of this manipulation 
had the same effects on the results. Each color and font was ran-
domly assigned to be either a high-fan or low-fan feature for a given 
participant. High-fan features (colors or fonts) were shown with 24 
different words, whereas low-fan features were shown with 3 differ-
ent words. Which feature (color or font) was high fan or low fan for 
any particular word was randomly determined for each participant, 
with the constraint that each word had one high- and one low-fan 
feature and that each feature type (color and font) was used equally 
often as a high- and as a low-fan feature. Words were also randomly 
assigned to study and test conditions for each participant. Given 
these constraints, nine different colors and nine different fonts were 
required to present 48 words at study.

During the recognition memory test, 48 studied words and 48 new 
words were presented. For studied items, only one feature from the 
study phase was reinstated and the other feature was neutral. For ex-
ample, if a color feature was reinstated with an item, the item was 
presented in a neutral font (Times Roman); if the studied font was re-
instated as the test cue, then the word was presented on a white screen 
using a black font so the color feature at test was neutral. An equal 
number of words were tested with their low-fan and high-fan features. 
Additionally, an equal number of words were tested with the font of 
study presentation reinstated as with the color of study presentation 
reinstated. Forty-eight new words were also tested with one of the two 
contextual features, using the same distribution of the features tested 
for targets. There were two study test cycles, such that there were 96 
old words and 96 new words used in the entire experiment.

Procedure. The participants were instructed that they would be 
presented with a series of words, one at a time, on a computer moni-
tor, and that study was self-paced. The words were presented in dif-
ferent colors (background colors or font colors) as well as different 
fonts—one feature associated with many other words and the other 
feature associated with few other words. They were asked to rate the 
collective appropriateness of each font and color for the meaning of 
a word at study, using a scale that ranged from 1 (very inappropriate) 
to 5 (very appropriate).

Following each study list, the participants were given a recogni-
tion memory test. The participants were instructed to judge whether 
or not they had previously studied each probe word. The participants 
were explicitly instructed that the perceptual features were inciden-
tal and did not need to match in order for them to indicate positive 
recognition of the word. Following Tulving (1985), the participants 
were asked to discriminate between old judgments for which they 
could recollect having studied the word earlier (“remember”) and 
those for which they were confident that they had studied the word 
even though they could not actually recollect studying it (“know”). 
They were asked to press the key labeled R for remember, to press 
the K key, for know, and to press N, to indicate that the item was not 
studied earlier in the experiment.

In order to ensure that the participants understood the difference 
between the remember and know responses, the participants were 
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required to give their own examples of each judgment, following the 
procedure of Gardiner (1988). After they finished the first study–
test block, the participants were asked to complete a demographic 
questionnaire. Following this, the participants repeated one more 
study–test block.

Results and Discussion
We analyzed the data separately for Experiments 1A 

and 1B and the pattern of results was the same. An 
ANOVA that used experiment version (A or B) as a group-
ing variable did not produce any significant effects (all 
Fs , 1). Therefore, we collapsed over the two variants 
of the experiment for subsequent analyses, all of which 
were 2 (fan: high vs. low) 3 2 (reinstated feature: font 
vs. color) within-subjects ANOVAs. Table 1 shows the hit 
and false alarm rates, partitioned into the proportion of 
remember and know responses, as a function of whether 
the reinstated feature was the low- or high-fan feature at 
study. For hits, there was a main effect of fan [F(1,49) 5 
13.47, MSe 5 0.004], such that there were more hits when 
a low-fan feature was reinstated at test than when a high-
fan feature was reinstated. There was also a main effect 
of which feature was reinstated [F(1,49) 5 23.21, MSe 5 
0.01], such that there were more hits when fonts were re-
instated than when colors were reinstated. The interaction 
between fan and reinstated feature was not reliable (F 5 
2.78, MSe 5 0.007).

As an additional test of the SAC theoretical account, 
we examined the proportion of remember judgments for 
the hits, as well as measures of recollection and familiar-
ity. For remember responses, there was a main effect of 
fan, showing more remember responses to the items for 
which a low-fan feature was reinstated [F(1,49) 5 24.93, 
MSe 5 0.012]. There was also a main effect of reinstated 
feature [F(1,49) 5 45.85, MSe 5 0.018], such that par-
ticipants gave more remember responses when a font was 
re-presented as the test cue. There was an interaction be-
tween fan and reinstated feature [F(1,49) 5 15.62, MSe 5 
0.012]. When a low-fan font was reinstated at test, remem-
ber responses were greater than when a high-fan font was 
reinstated at test [F(1,49) 5 36.52, MSe 5 0.013], but the 
same result was not observed when color was reinstated at 
test [F , 1, MSe 5 0.011]. Given that colors have greater 
preexperimental exposure than fonts, this may have led to 
them being less powerful retrieval cues than fonts, a ques-
tion we address in the next experiment.

When a corrected measure of recollection—that is, 
[p(Rhit) 2 p(RFA)]—was used (Yonelinas, 2001; Yonelinas 
& Jacoby, 1995), all patterns of the analyses for remem-

ber judgments to old items were replicated. Thus, there 
was a low-fan advantage [F(1,49) 5 24.4, MSe 5 0.016], 
a stronger font feature effect [F(1,49) 5 29.31, MSe 5 
0.016], and an interaction between fan and reinstated fea-
ture [F(1,49) 5 20.02, MSe 5 0.013]. When familiarity 
was estimated by measuring only those items that were 
not recollected [i.e., F 5 K/(12R), as prescribed by Yo-
nelinas and Jacoby (1995)], neither of the main effects nor 
the interaction was significant (feature, F 5 2.26, MSe 5 
0.046; fan, F , 1, MSe 5 0.041; feature 3 fan, F , 1, 
MSe 5 0.046). We further calculated d′ using F to directly 
compare our results to those of Kishiyama and Yonelinas 
(2003). Here, we failed to find any significant effects on 
d′(F) with the largest [F(1,49) 5 1.26, MSe 5 0.803].

For new items, the false alarm rates showed main ef-
fects of fan [F(1,49) 5 3.86, MSe 5 0.01] and reinstated 
feature [F(1,49) 5 8.59, MSe 5 0.01], as well as an inter-
action between fan and reinstated feature [F(1,49) 5 5.23, 
MSe 5 0.006]. The main effects indicate that there were 
more false alarms when a high-fan feature was reinstated 
and when a font was reinstated at test, respectively. The 
interaction indicates that false alarm rates were greater 
when a high-fan font was reinstated at test [F(1,49) 5 
7.33, MSe 5 0.01], but not when a high-fan color was 
reinstated (F , 1, MSe 5 0.006). This font fan effect on 
false alarms is consistent with prior reports, and likely 
results from spurious familiarity judgments based on 
the activation level of the font node (Diana et al., 2004). 
However, analyses of familiarity-based false alarms fail to 
show a significant main effect or interaction (feature, F 5 
1.33, MSe 5 0.01; fan, F 5 2.44, MSe 5 0.009; feature 3 
fan, F 5 3.71, MSe 5 0.005). Since the distinctiveness of 
all stimuli was held constant during study (each word had 
one high-fan and one-low fan feature during encoding), 
encoding time was not expected to vary systematically. 
In fact, study time did not differ as a function of the fan 
feature (color high fan, 820.72; font high fan, 804.17; F , 
1, MSe 5 17,805.72). Note that when a feature was used 
as a high-fan feature of an item, the other feature was used 
as the low-fan feature of the same item.

EXPERIMENT 2

Although the pattern obtained in Experiment 1 was 
generally consistent with the predictions of the SAC 
model, the effect of font fan was larger than the effect of 
color fan. We suspect that this is because color is a more 
common preexperimental feature, and therefore the ma-

Table 1 
Proportions of Remember (R) and Know (K) Responses and Familiarity Estimates (F) for 

Hits and False Alarms (FAs) as a Function of the Fan of Reinstated Feature in Experiment 1

Font Reinstated Color Reinstated

Low Fan High Fan Low Fan High Fan

Response  R  K  F  R  K  F  R  K  F  R  K  F

Hits .71 .19 .61 .57 .27 .64 .52 .29 .58 .51 .29 .58
FAs  .07  .14  .15  .09  .17  .19  .05  .15  .15  .05  .15  .16
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nipulation of experimental frequency was insufficient to 
outweigh the preexperimental exposure history of colors. 
To test this possibility, we replaced color with a less com-
mon contextual cue, voice. Words were aurally presented 
in different voices at the same time that they were visually 
presented in different fonts. This experiment employed 
nine different voices and nine different fonts, just as Ex-
periment 1 used nine different colors and fonts. In Experi-
ment 1, color or font was made neutral at test, whereas in 
this experiment, only one of the two encoding features 
was reinstated at test.

Method
Participants. Twenty-one Carnegie Mellon University students 

participated in Experiment 2, either to satisfy a research experience 
requirement or in exchange for $7 payment.

Design and Materials. Nine different voices (5 male and 4 fe-
male) and nine unusual fonts were used to present the words aurally 
and visually during study. Assignment of voices and fonts to fan con-
dition was randomly determined for each participant as was assign-
ment of fonts and voices to words. In all, 48 words were presented 
at study, each word presented with two features, one low fan (shared 
with 3 words) and one high fan (shared with 24 words). Only one of 
the two encoding features was presented at test, either the voice or 
the font. Likewise, the 48 new words used as foils were either only 
heard or only read at test, always with one of the voices or fonts used 
with the studied items. Half of these foils were presented aurally and 
half visually, just like the target probes, using the same distribution 
of high- and low-fan features that was used for studied items on the 
recognition test.

Procedure. The procedure of Experiment 2 was very similar to 
that of Experiment 1 except that the participants heard the words 
through headphones in addition to viewing them on a computer 
screen. The study phase involved presenting words, one at a time, 
in two modalities simultaneously: visually, using an unusual font on 
the monitor, and aurally, with one of a set of unfamiliar voices heard 
through headphones. Unlike in Experiment 1, study time was not 
self-paced. Rather, the duration of the visual presentation of an item 
was set to synchronize with the duration of the aural presentation of 
the item. The participants were asked to rate the combined appropri-
ateness of a font and a voice for the meaning of that particular study 
word. At test, the word was presented either aurally (with a blank 
screen) or visually (with no voice). When the probe was presented, 
the participants were asked to indicate its studied status with one of 
three judgments: remember, know, or new.

Results and Discussion
The results of Experiment 2, shown in Table 2, are simi-

lar to the results of Experiment 1. All dependent measures 
were analyzed with 2 (fan: high vs. low) 3 2 (reinstated 
feature: font vs. voice) within-subjects ANOVAs. Hits 
were higher when the test item was presented in a low-fan 
feature [F(1,20) 5 7.13, MSe 5 0.012], as well as when 

the feature reinstated at test was a font [F(1,20) 5 22.47, 
MSe 5 0.023]. However, fan and reinstated feature did not 
interact (F , 1, MSe 5 0.019).

When hit rates were partitioned into remember and 
know responses, remember responses showed the same 
pattern of results as the overall hit rates. That is, partici-
pants gave more remember responses when the reinstated 
feature was a low-fan than when it was a high-fan feature 
[F(1,20) 5 11.44, MSe 5 0.016] and when the reinstated 
feature was a font [F(1,20) 5 16.98, MSe 5 0.065]. Fur-
ther, the interaction between reinstated feature and font 
was not reliable (F , 1, MSe 5 0.027).

When hit rates were corrected with false alarms for 
remember responses [p(Rhit) 2 p(RFA)], there was an 
effect of font fan [F(1,20) 5 9.11, MSe 5 0.016], such 
that reinstating a low-fan feature produced greater cor-
rected remember responses than reinstating a high-fan 
feature. There was also a main effect of reinstated feature 
[F(1,20) 5 17.31, MSe 5 0.042], such that recollection 
was higher when a font rather than a voice was the rein-
stated feature. Finally, the interaction between reinstated 
feature and font was not reliable (F , 1, MSe 5 0.034). 
Thus, the analyses on a standard measure of recollection 
replicated all of the results from analyses of remember 
judgments to old items, and suggest that the hit rate advan-
tage for items when a low-fan feature was reinstated at test 
was reflected in recollection-based responding. Further, 
and in contrast with Experiment 1, we found evidence that 
both perceptual features (voice and font) facilitated mem-
ory when they were associated with fewer study items 
(i.e., when they were assigned to be low-fan features).

Replicating the results found in Experiment 1, the cor-
rected familiarity measure [i.e., F 5 K/(12R)] failed to 
show an effect of fan, and also did not show an interaction 
between fan and reinstated feature. In contrast with the 
results from Experiment 1, the F estimate was found to be 
greater when the reinstated feature was a font [F(1,20) 5 
7.49, MSe 5 0.045]. Replicating Experiment 1, analyses 
of d′(F ) failed to show a significant main effect or in-
teraction (feature, F , 1, MSe 5 0.854; fan, F 5 1.42, 
MSe 5 1.25; feature 3 fan, F , 1, MSe 5 0.739). Thus, 
consistent with Experiment 1, we found evidence that dis-
tinctiveness has its effect on a recollection-based process 
at retrieval, rather than a familiarity-based process.

Finally, there were more false alarms when new words 
were presented in a font than when they were presented 
in a voice [F(1,20) 5 9.09, MSe 5 0.033]. Neither the 
fan main effect nor the interaction between fan and rein-
stated feature was reliable in the false alarm analyses (fan, 

Table 2 
Proportions of Remember (R) and Know (K) Responses and Familiarity Estimates (F) for 

Hits and False Alarms (FAs) as a Function of the Fan of Reinstated Feature in Experiment 2

Font Reinstated Voice Reinstated

Low Fan High Fan Low Fan High Fan

Response  R  K  F  R  K  F  R  K  F  R  K  F

Hits .58 .31 .75 .48 .37 .71 .35 .41 .64 .26 .41 .57
FAs  .07  .21  .23  .06  .27  .28  .03  .15  .16  .03  .17  .18
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F , 1, MSe 5 0.015; fan 3 feature, F , 1, MSe 5 0.008). 
Analyses of familiarity-based false alarms also showed 
the same pattern of results: There were more familiarity-
based false alarms when new words were presented in a 
font than when they were presented in a voice [F(1,20) 5 
7.73, MSe 5 0.022]; however, the fan main effect and the 
interaction failed to reach significance (fan, F 5 1.34, 
MSe 5 .024; fan 3 feature, F , 1, MSe 5 0.01). Thus, the 
results of the analyses of false alarms in this experiment 
contrast with those of Experiment 1, as well as with prior 
reports (Diana et al., 2004) that fonts with greater expo-
sure sometimes serve as a spurious source of familiarity 
in recognition memory.

GENERAL DISCUSSION

In this article, we sought to further examine the bases 
of perceptual fan effects. Specifically, we tested encoding-
based explanations against retrieval-based explanations, 
finding evidence for retrieval-based explanations (e.g., 
Rajaram, 1998; Reder et al., 2002). We also assessed 
whether the recognition advantage for items tested in a 
low-fan feature was associated with recollection-based pro-
cesses or familiarity-based processes, and found evidence 
that the advantage was reflected in changes in recollection-
based processes. We elaborate on the significance of these 
findings below.

The finding that perceptual distinctiveness effects (see 
note 2) are produced by recollection-based processes is 
consistent with several theories of distinctiveness effects 
on memory (e.g., Hunt & McDaniel, 1993; Rajaram, 1996, 
1998; Reder et al., 2002). All of these theories suggest 
that the effects of distinctiveness occur at retrieval, and 
tend to be associated with recollection-based processing. 
Although there are subtle differences among the theories 
in the mechanisms giving rise to distinctiveness effects, 
those differences are not strongly distinguished by the 
present results. An analysis of these results in terms of the 
contextual competition mechanism inherent in the SAC 
model (Reder et al., 2002; Reder et al., 2000), however, is 
particularly relevant. Whereas the present results may not 
provide unique support for SAC, in the sense that alternate 
explanations such as the recollection-fluency perspective 
of Rajaram (1996, 1998) can also account for these re-
sults, there are two primary reasons why we find the SAC 
account of these data to be informative. First, the SAC 
model provides a formal specification of the mechanisms 
producing the perceptual distinctiveness effects in these 
experiments: contextual competition. It is important to 
note that this mechanism is a fundamental property of the 
theory, and has been applied not only to explain fan ef-
fects, but also to other recognition memory phenomena, 
such as the word frequency effect (Reder et al., 2000), 
the list-length effect (Cary & Reder, 2003), and the list-
strength effect (Diana & Reder, 2005). Second, the SAC 
model advances the strong prediction that perceptual fan 
effects should be evident in recollection-based processing, 
because of the view that details of study presentation are 
associated with episodic representations. Thus, the SAC 

model can explain not only why perceptual fan effects 
occur, but also why these effects are reflected in recol-
lection-based processing, and only when the perceptual 
feature present at study was reinstated at test (Reder et al., 
2002).

Two theories seem to be inconsistent with these results. 
First, the view that encoding salience (e.g., Green, 1956) or 
enhanced attention (e.g., Jenkins & Postman, 1948) plays 
a role in perceptual fan effects does not seem to be able to 
explain our results. These encoding-based views suggest 
that low-fan items should have received extra study pro-
cessing in the first two experiments, a prediction that was 
inconsistent with the self-paced study times we measured 
in Experiment 1. Second, these views suggest that the 
feature that was reinstated at retrieval should not influ-
ence performance, a result not consistent with our data. 
Although the present results are generally inconsistent 
with encoding-based views that argue that perceptual fan 
influences the overall attention to study items, they are not 
inconsistent with more complex encoding-based views. 
In particular, a theory that allows attention to be directed to 
specific subsets of an item’s features (e.g., semantics, color, 
voice, font) may be able to accommodate these results. This 
view can accommodate the influence of font fan on rec-
ognition under the assumption that participants are sensi-
tive to the relative novelty of specific perceptual features at 
encoding, and that participants therefore encode and store 
less-common item features with a higher probability than 
more-common item features. Thus, if one assumes that par-
ticipants differentially attend to low-fan elements of study 
items relative to high-fan elements of study items, then 
when low-fan elements of study items are reinstated at test, 
those features will produce a stronger match, resulting in 
the fan effects we observed. Although this theory can ex-
plain the results of these experiments, the encoding-based 
processes that participants need to engage in order to ac-
complish greater attentional focus to the low-fan dimension 
of study items seems to be relatively more complex than the 
alternate offered by the SAC model.

A second theory that also does not appear to provide 
a comprehensive account of these data is that of Kishi-
yama and Yonelinas (2003). In their study, although both 
remember and know responses were greater for distinctive 
items, the recognition advantage of distinctive items on 
recollection was found in an intentional encoding condi-
tion but not in an incidental encoding condition, whereas 
familiarity-based judgments were not influenced by the 
encoding instructions. Their findings were interpreted 
as evidence that distinctiveness effects on recollection 
are encoding related, whereas the distinctiveness effects 
on familiarity are retrieval related. In contrast, our data 
suggest that distinctiveness has its strongest influence on  
recollection-based processing, and that perceptually based 
distinctiveness effects on recollection are due to processes 
acting at retrieval. What aspects of the two studies could 
have caused these different conclusions? Conceivably, 
these differences stemmed from differences in materials 
and design. For example, Kishiyama and Yonelinas used 
pictorial stimuli, whereas we used verbal stimuli; their 
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lists were much longer than ours; and their presentation 
rate was very rapid. Longer lists and shorter study presen-
tation times tend to reduce the contribution of recollection 
and increase the contribution of familiarity to recognition 
judgments (e.g., Cary & Reder, 2003; Kinoshita, 1997). 
Given these trends, it may be reasonable to suggest that 
the differences between our results and those of Kishi-
yama and Yonelinas (2003) are in part the result of differ-
ences in the extent to which familiarity and recollection 
played a role in recognition judgments across the two sets 
of experiments. Further research is needed to resolve the 
discrepancies among the different studies and delineate 
the conditions in which familiarity and recollection are 
influenced by distinctiveness.

One final question concerns the necessity of a dual-
process view for explaining the results of these studies. 
Although the remember–know paradigm has generally 
been used as a method to examine recognition memory 
from a dual-process perspective (Dewhurst & Conway, 
1994; Rajaram, 1998; Tulving, 1985), competing models 
that rely only on a strength-based familiarity process and 
the placement of two decision criteria (one for old–new 
judgments and one for remember judgments) have also 
been proposed (see, e.g., Donaldson, 1996; Dunn, 2004; 
Hirshman & Master, 1997; Wixted & Stretch, 2004). 
Although our results do not explicitly prohibit a single- 
process explanation, we believe that the account elaborated 
throughout this article has properties that are to be favored 
over standard single-process accounts of remember– 
know responses. In particular, as highlighted earlier, the 
perceptual fan effects observed in these studies were pre-
dicted by SAC, including details such as the type of rec-
ognition process that should be affected by perceptual fan 
(recollection) as well as the stage of memory at which 
fan effects should be observed (retrieval). In contrast, ac-
counting for these results in terms of one of the single-
process theories of remember–know judgments requires 
a post hoc explanation that describes the movement of 
strength distributions for each class of items (a separate 
distribution for each fan and feature combination) and 
placement of response criteria. Thus, our preference for 
the dual-process perspective outlined earlier again relates 
to its ability to (1) provide specific, testable predictions 
for these studies, and (2) provide a detailed account of 
these results in terms of explicit mechanisms that are a 
fundamental characteristic of the theory (contextual inter-
ference). In sum, the present studies support the position 
that distinctiveness has much of its effect on recollective-
based processing at retrieval.
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NOTES

1. Whereas we specifically outline this account for the font fan ef-
fect, the general principles should apply to other manipulations in which 
perceptual components of study presentation have relatively low preex-
perimental exposure.

2. The above discussion has tacitly assumed that manipulations of 
font fan affect perceptions of distinctiveness. In fact, we have evidence 
that it does (Reder, Arndt, & Park, 2005). Participants were asked to rate 
the distinctiveness of the fonts after studying these fonts with different 
words. Fonts that had been seen with many words were subsequently 
judged as less distinctive even though the words used to present the fonts 
for ratings were different and even though fonts were randomly assigned 
to treatment. The effect was not the result of demand characteristic, be-
cause the distinctiveness manipulation worked only when participants 
were rating fonts seen with novel words, not when they were rating the 
fonts displaying the alphabet.
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