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Abstract

Accounts of priming typically assume that primes activate existing representations, thus
prospectively altering target processing. In contrast, Bodner and Masson (1997)
described a memory-recruitment account of priming in which the processing opera-
tions applied to primes—even masked primes—are encoded into a new memory
instance that can be retrospectively recruited to contribute to target processing if the
context and task conditions support recruitment. Our chapter updates three lines of
research we have pursued since our last update (Masson & Bodner, 2003) in attempting
to contrast various priming accounts. The first line examines when and why nonwords,
which do not have existing representations, show masked priming. The second line
examines when and why masked priming is sensitive to prime-proportion manipula-
tions. The third line examines whether masked priming effects can be lasting. After sum-
marizing some of the successes and failures of our backward account, we acknowledge
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that we failed to provide unequivocal evidence for it. We end with some suggestions for
moving accounts of masked priming forward.

1. MASKED PRIMING

Pioneers in the study of unconscious cognition had their work cut out
for them (e.g., Forster & Davis, 1984; Greenwald, 1992; Kunst-Wilson &
Zajonce, 1980; Marcel, 1983). Given Freud’s famously controversial take
on the unconscious, it was necessary to set the bar high for empirical evi-
dence of its existence (e.g., Holender, 1986). The realm of subliminal/
unconscious/masked priming effects, the topic of our chapter, also has con-
troversial roots. In 1957, market researcher James Vicary infamously claimed
that tachistoscopic presentations of “eat popcorn” and “drink Coca Cola”
during screenings of the movie Picnic increased sales of both products, but
his claims were bogus (Pratkanis, 1992). Despite that initial stumble, evi-
dence of unconscious priming is now firmly established (e.g., Dehaene
et al., 1998), though specific effects are still occasionally attributed to con-
scious perception or awareness (e.g., Desender, Van Lierde, & Van den
Bussche, 2013). Coming full circle, Vicary’s claim has recently been substan-
tiated: Subliminal primes can affect drink brand choice if participants are
thirsty enough (Karremans, Stroebe, & Claus, 2006). Current debates
now center on the basis and limits of unconscious processes, and on how
they interface with conscious processes.

In 1997, we made our own controversial claims about unconscious pro-
cesses, specifically about the basis and limits of masked priming effects (see
Section 2.2). We then attempted to push masked priming past several of its
purported limits in the hope of substantiating our somewhat salacious claim
about its basis. A decade ago, we reviewed the state of the evidence for our
account in an edited book on the state of the art of masked priming
(Kinoshita & Lupker, 2003). Masson and Bodner’s (2003) chapter show-
cased our optimism about the viability of a retrospective memory-
recruitment based account of masked priming. This chapter provides a less
sanguine bookend to that auspicious (audacious) chapter. We review and
update the lines of evidence that formed the basis of our previous chapter
and conclude that we may have pushed the limits of our account beyond
a breaking point. At best, we failed to provide unequivocal evidence for
it, and in the meantime, others have built up a considerable pile of evidence
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that challenges it. At worst, we were just plain wrong. Fortunately, Freud
made available to us a whole taxonomy of putative unconscious defense
mechanisms, some of which allow us to suggest or at least hope that the data
generated by ourselves and by others in the course of evaluating our account
have provided some insights about masked priming that will usefully inform
other accounts of unconscious processes.

1.1. One Paradigm

Forster and Davis (1984) developed the masked priming paradigm for the
sole purpose of studying the processes involved in visual word recognition.
We, like many other researchers, have relied on this one now-classic para-
digm in our studies. In our implementation, three stimulus events are pres-
ented in succession in the same location on a computer screen: a pattern
mask is shown for 495 ms (e.g., &&&&&), it is immediately replaced by
a lowercase letter-string prime for 45 or 60 ms (e.g., chair), which in turn
is immediately replaced by an uppercase letter-string target to which the par-
ticipant responds (e.g., CHAIR). Because of the masking and/or brief pre-
sentation, most participants are unaware of the primes, and we have verified
the effectiveness of our masking procedures using both subjective awareness
reports and objective prime-judgment tasks (e.g., Bodner & Dypvik, 2005).

Priming eftects are myriad and varied. They occur whenever responses
to targets are systematically and differentially affected by two or more types
of prime in measures of reaction time and/or error rate. Varying the types of
masked primes that are compared (e.g., repetition or semantic vs. unrelated;
response congruent vs. response incongruent), the prime-target stimulus
onset asynchrony (SOA), and the target task (e.g., binary judgments, most
often word/nonword “lexical” decisions; stimulus identification tasks, most
often naming) provides researchers with a potentially powerful tool for map-
ping mental processes and structures (e.g., Forster, Mohan, & Hector, 2003).

1.2. Two lronies

As will become clear, there are two overarching ironies to our work using
this paradigm. The first irony is that the masked priming paradigm was
developed specifically to eliminate the potential contributions of memory
processes to priming effects, yet we have used it specifically to study the
potential contributions of memory processes to priming effects. The second
irony is that we have used the masked priming paradigm to argue that
masked priming effects might be a misnomer: they might not reflect a
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prospective “priming” process at all. We warned you that our claims would
be controversial. Of course, making such claims is easy. Substantiating them
is the tough row to hoe.

2. THREE ACCOUNTS OF MASKED PRIMING

Accounts of masked priming are available in three main flavors. Pro-
spective accounts attribute masked priming to the prime event “priming”
existing abstract representations. In contrast, our memory-recruitment
account attributes masked priming to a retrospective memory-recruitment
process that is initiated once the target is presented. And the newest kid on
the block, the Bayesian Reader account, attributes masked priming to the
perceptual system being “tricked into treating the prime and the target as
a single object” (Norris & Kinoshita, 2008, p. 434; see Masson & Isaak,
1999, for a similar suggestion). Section 2 provides a brief sketch of each
account, but we doodle much more for our account because it is the only
account “on trial” in this chapter. Indeed, Section 3 exclusively reviews the
four bodies of masked priming evidence we have used to evaluate our
account. Because of this selective emphasis, we have tried to avoid cham-
pioning or maligning the other two accounts except to mention where they
fit or do not fit with these sets of data.

2.1. Prospective Accounts

The theory-laden term “priming” implies that the prime creates some
forward-acting processing momentum that works to facilitate target
processing. In the lexical-entry opening account (Forster & Davis, 1984),
a masked word prime provides an automatic head start, equivalent to the
prime-target SOA, in opening the word’s entry in the mental lexicon
(e.g., Forster, 1999). Priming will occur if the target appears during the brief
window of time that its entry is open, because its contents can be accessed
faster than on unrelated prime trials where there was no head start.
Prospective accounts are by no means limited to lexical or even localist
representations. Primes might activate abstract orthographic, phonological,
or semantic representations (e.g., Bowers, 2003), sublexical or letter level
representations (e.g., Davis, Kim, & Forster, 2008), and/or word-level rep-
resentations other than the prime via a spreading activation process (e.g.,
Neely, 1977) or in a competitive network model (e.g., Davis, 2003). Prim-
ing effects can also be conceptualized as resulting from the activation of dis-
tributed representations in a connectionist network (e.g., Masson, 1995).



Memory Recruitment 183

Finally, in paradigms measuring response priming (i.e., facilitation when
prime and target bias the same binary response rather than opposite
responses), priming may reflect preactivation of motor-response areas
(e.g., Dehaene et al., 1998). In common, these prospective accounts attri-
bute priming to the activation of existing representations.

2.2. Memory-Recruitment Account

The chief purpose of masking primes was to eliminate the influence of
memory-based processes, thus allowing domain-specific word-recognition
(particularly, lexical) processes to be isolated. The memory-recruitment
account essentially argues that this goal failed, and posits that a memory-
based unified account of both masked and long-term priming eftects may
be viable (Bodner & Masson, 1997; Masson & Bodner, 2003). As reviewed
in Masson and Bodner (2003), the ingredients for our account were sourced
primarily from four inspirations. First, Forster and Davis (1984) raised (and
then attempted to rule out) the possibility that memory contributes to
masked priming. Second, we were inspired by instance-based accounts of
cognition, particularly Kolers” claims that processing operations are chron-
ically encoded (cf. temporary activation of existing representations), and that
priming effects reflect skill transfer that occurs when prime and target require
overlapping processing operations (e.g., Kolers & Roediger, 1984). The
facts that we can remember things and that our responses can be influenced
by prior experiences are pretty good evidence that our past experiences
were encoded in some manner. And the fact that we can read a sentence
faster a full year later if it is presented in the same format is good evidence
that we can recruit specific instances of prior processing (Kolers, 1976;
Logan, 1988). Third, demonstrations of a subliminal mere-exposure
effect with novel stimuli suggest that priming does not always reflect the
activation of existing representations (e.g., Kunst-Wilson & Zajonc,
1980; Whittlesea & Price, 2001).

Fourth, we essentially just borrowed the retrieval account of priming put
forward by Whittlesea and Jacoby (1990) and applied it to masked priming.
Beginning with their startling punchline, Whittlesea and Jacoby found faster
naming responses to a target (e.g., GREEN) when it was preceded by the
briefly presented prime pair GREEN-pLaNt rather than the pair
GREEN-PLANT (and in comparison to a host of other control conditions).
Mixed-case degradation of the second prime was argued to increase recruit-
ment of the processing performed on the first prime, which in turn made



184 Glen E. Bodner and Michael E.J. Masson

that processing more available to facilitate repetition priming of the target. In
contrast, by prospective accounts, the influence of the first prime cannot be
conditional on the second prime being degraded, so there is no basis to pre-
dict larger priming in the degraded condition. We maintain that this is a nifty
and neglected effect.

Putting these ingredients together, the memory-recruitment account
proposes that when a masked prime is presented, the cognitive system begins
to process it, likely by applying the same task-specific processing operations
to the masked prime that will be applied to the visible target. But, unlike in
activation accounts, the processing operations applied to the prime are
encoded in a new instance, albeit one that is too impoverished to be con-
sciously accessed. We originally referred to this encoding as evincing a
“nonlexical” basis for priming (Bodner & Masson, 1997), but we
highlighted the memory connection by calling it an “episodic resource”
(Bodner & Masson, 2001). We quickly dropped the “episodic” term, given
that participants cannot consciously recollect the primes. A point we did not
make in our past descriptions of the account is that the prime will also cue
prior processing records from similar stimuli or situations (i.e., prior
instances), which will be applied toward the processing of the prime.

When the target is presented, the cognitive system will shift from
processing the prime to processing the target (we consider potential variants
to this shift in Section 4). The target’s presentation will again cue prior
processing records from similar stimuli or situations, and the most salient
of these is the processing that was applied to the prime mere milliseconds
ago. Thus, the cognitive system will recruit the prime processing and will
apply it in aid of processing the target. When this processing overlaps, facil-
itation of target responses should result. When this processing does not over-
lap, interference can occur. Importantly, if masked priming is a memory
effect, then it follows that it should be modulated by the sort of task and con-
text effects that modulate other memory effects. These claims set the stage
for the various tricks we tried to get masked primes to perform in Section 3.
In sum, we have advocated a simple sort of “reverse psychology” of the tra-
ditional prospective view for explaining masked priming.

2.3. Bayesian Reader Account

Norris and Kinoshita (2008) have given us a third way to think about masked
priming, based on Bayesian principles of decision making. In brief, the
Bayesian Reader account claims that the cognitive system does not treat
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the prime as a separate event from the target (see also the ROUSE model of
Huber, Shiftrin, Lyle, & Quach, 2002). Instead, the available perceptual evi-
dence based on a conflation of prime and target processing is combined with
information about the target’s likelihood based on prior experiences or
“priors” to reach an optimal decision about the target’s class or identity in
the task at hand. The algorithm for this process can be implemented in a for-
mal Bayesian R eader model (Norris, 2006) that can be used to run simula-
tions of priming studies. This is a well-specified account, except the model is
agnostic regarding whether the “priors” are local or distributed abstract rep-
resentations, or memory-based instances. For this reason, and because the
bulk of our studies were designed to pit the memory-recruitment account
against prospective accounts, we do not dwell on this important, emerging
account (see Kinoshita & Norris, 2012, for a recent overview).

3. FOUR MASKED PRIMING PHENOMENA

Masson and Bodner (2003) evaluated the memory-recruitment
account by attempting to “deconstruct” three then-prevalent dissociations
between masked and “unmasked” priming, and by highlighting a novel
fourth parallel between these two types of priming. The key dissociations
were that masked priming effects, in contrast to unmasked priming eftects,
were (1) confined to words, (2) equal for low- and high-frequency words,
and (3) highly ephemeral. The novel parallel was our finding that both
masked and unmasked priming eftects can be sensitive to prime-proportion
manipulations. This section updates the status of these four masked priming
phenomena, drawing heavily on our own work and some of the challenges it
has faced.

3.1. Masked Nonword Priming (with an Aside on Frequency
Attenuation)

On the surface, the question of whether nonwords show masked repetition
priming would seem to have a strong potential for cleaving apart lexical,
memory recruitment, and Bayesian accounts of masked priming. Novel
nonwords have not been experienced before, thus they have no existing
lexical entry to be primed, unlike for words. Thus, on the lexical account,
nonwords should not show masked priming (e.g., Forster & Davis, 1984).
By the memory-recruitment account, on the other hand, the processing
applied to a nonword prime is encoded, and when this processing overlaps
with the processing required of the target, target processing should be
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facilitated—so nonwords should show masked priming. And, by the Bayesian
Reader account, nonwords should not show priming in the standard para-
digm (cf. the Norris & Kinoshita, 2008, referent-based same-different judg-
ment paradigm) because again, a masked prime has no nonword “prior” to
update.

Before Bodner and Masson (1997), there were only a few reports of reli-
able masked nonword priming (Forster, 1985; Sereno, 1991), a situation that
supported the validity of the masked priming paradigm as a tool for isolating
lexical processes (see Forster, 1998; Forster et al., 2003). Indeed, when
Bodner set out to complete the series of lexical-decision task experiments
that would comprise Bodner and Masson (1997) as part of a first graduate
research course with Masson, we did not anticipate that we would find non-
word priming.

3.1.1 An Aside on Frequency Attenuation

To digress, our original goal was to provide new tests of whether the fre-
quency-attenuation effect (i.e., greater priming for low- than for high-
frequency words) could be found with masked primes, comparable to what
had been found with unmasked primes. Forster and Davis (1984) did not
find this frequency by priming interaction using their new paradigm, which
they took as key support for their lexical-entry opening account. Based on
the memory-recruitment idea, we reasoned that the processing of the prime
event might be more distinct in memory for low- than for high-frequency
words—but participants might need to be encouraged to rely heavily on the
prime processing (as opposed to processing records from other prior expe-
riences with the items) to reveal this interaction (after Whittlesea &
Jacoby, 1990).

To this end, we made the lexical-decision task more difficult, either by
using mIxEd-cAsE targets (e.g., pErD), or by using uppercase pse-
udohomophone nonwords (e.g., BRANE, which sounds like BRAIN
but must be judged a nonword in the lexical-decision task). Both manipu-
lations failed to produce the expected frequency by priming interaction.
However, subsequent studies have obtained it either by using a stronger fre-
quency manipulation (Bodner & Masson, 2001) or by ensuring the low-
frequency words are known to participants (Kinoshita, 2006; Norris &
Kinoshita, 2008). The latter results are thus consistent with the memory-
recruitment account (by aligning masked and long-term priming results)
and, to our knowledge, have yet to be reconciled with the lexical account
or discussed in the context of the Bayesian Reader account.
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3.1.2 Bodner and Masson (1997)

Turning back to our reminiscence, we expected a frequency by priming
interaction but did not find it, and we did not expect nonword priming
but we found it (see Fig. 5.1). Specifically, we replicated the absence of non-
word priming with regular, pronounceable uppercase (hereafter, standard)
nonwords (—7 ms; Experiment 1), but mixed-case nonwords showed rep-
etition priming (93 ms; Experiment 2A), as did pseudohomophone non-
words (38 ms; Experiment 3). We then engaged in some of our patented
post hoc head scratching. Why did we find nonword priming, but only in
the latter two cases?

Our explanation for this pattern appealed to a trade-oft between two
potential influences of repetition primes on target processing in the
lexical-decision task, which we refer to here as target facilitation versus a flu-
ency bias. On the target facilitation side, we assume that the overlap in the
processing of the prime and the target on repetition trials should work to
facilitate lexical decisions. We further assume the extent to which partici-
pants rely on this overlap and achieve this facilitation will depend on task
difficulty, the prime’s utility, etc. On the fluency bias side, we assume that
more fluency is experienced when processing word targets than nonword
targets, and that differences in fluency are used to help make lexical

150 - _ -
[l High freq.

125 - O -
100} [Od Nonword B
£
= 75 -
(8]

2
% 50 —
> 1
E 2o T : :
o
0 -
25 .
=50 | 1 1 | -
Exp 1 Exp 2a Exp 3 Exp 4
HIRTH hirTh PALIS DPLK

Figure 5.1 Masked repetition priming effect means for words and nonwords in the
lexical-decision task (with sample nonword targets) in Bodner and Masson (1997). Bars
show the 95% confidence interval for each priming effect. Adapted from figure 1 of
Bodner and Masson (1997).
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decisions. We further assume that repetition priming increases target
processing fluency. Therefore, repetition priming of a nonword target will
normally make it seem more like a word, which should work against making
a nonword response (Feustel, Shiffrin, & Salasoo, 1983).

With standard nonwords, repetition primes facilitate target processing
while also creating a “word” response bias that works against making a cor-
rect nonword response in the lexical-decision task. We conjecture that these
two influences roughly cancel each other out under usual circumstances: the
more one relies on the prime, the greater the fluency bias against making a
correct response. In contrast, making targets harder to process by using
mixed-case targets should not only increase recruitment of the processing
applied to the prime event (Whittlesea & Jacoby, 1990), thus increasing tar-
get facilitation, but also decrease the overall experience of fluency when
processing these unfamiliar targets and should reduce participants’ reliance
on fluency as an indicator of lexical status. And with pseudohomophone
nonwords, the lexical-decision task is made more difficult because phonol-
ogy cannot be used to distinguish word and nonword targets. Prime recruit-
ment and thus target facilitation is again increased, tipping the balance
between facilitation and fluency bias in favor of the former.

Having produced null and positive nonword priming and a post hoc
account of each, we created an a priori test of our account by trying to engi-
neer a negative nonword priming effect. To this end, Bodner and Masson
(1997) tested only high-frequency words (e.g., DOOR) and illegal conso-
nant string nonwords (e.g., TWLT). Lexical decisions could now be based
on superficial analysis of orthographic regularity, which should increase reli-
ance on the fluency bias, and in turn this should interfere with correct
responding on repetition-primed nonword trials. Consistent with our
trade-off account, we obtained a negative nonword priming effect
(—9 ms; Experiment 4).

Masson and Isaak (1999) further tested the memory-recruitment account
by using the naming task where a fluency bias should be less likely to operate.
Here, participants must say each target aloud, so there is no binary judgment
that can be influenced one way or the other by an experience of processing
fluency. As a result, priming should be driven by target facilitation alone.
Not only did Masson and Isaak find robust nonword priming in this task,
but also it was similar in magnitude to the priming obtained for word targets.
However, Forster (1998) suggested that masked priming effects in the nam-
ing task occur at an articulatory level (i.e., participants try to pronounce the
primes), hence nonwords prime and prime just as well as words. Because of
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this concern, we do not discuss at length masked priming effects from the
naming task in our chapter.

As a graduate student, Bodner naively assumed that this set of nonword
priming effects effectively resolved the debate about whether masked prim-
ing reflects a prospective or retrospective process. But it turned out that no
one else was quite as taken with them. For years, these findings were more
often than not treated as anomalous exceptions to the general rule that
nonwords do not show masked priming. Indeed, there were so many
“but see” and “cf.” references to our nonword findings that the first author
refers to his name in this research area as “Buttsy Bodner”. Detailed criti-
cisms of these effects and/or of our interpretations have also been offered
(Forster, 1998; Forster et al., 2003, Kinoshita & Norris, 2011; Norris &
Kinoshita, 2008, 2010) and debated (Bowers, 2010; Masson & Bodner,
2003). Rather than rehashing these debates here, Section 3.1.3 examines
the one nonword priming result that generated the most surprise and
subsequent study, namely the mixed-case effect. The remaining bits of
Section 3 then provide updates on recent investigations of nonword priming.

3.1.3 Explaining (Away) Mixed-Case Nonword Priming

One reason Forster (1998) called Bodner and Masson’s (1997) mixed-case
nonword priming effect “perplexing” was its magnitude. The effect was
numerically greater for nonwords than for words. The mixed-case nonword
priming effect has since been replicated by Bodner and Masson (2001,
Experiment 2B, 15 ms) and Kinoshita and Norris (2011, Experiment 1,
27 ms, but not in Experiment 2, 11 ms), but in each case, its magnitude
has been much more modest. Kinoshita and Norris (2011) noted that
Bodner and Masson’s (1997) participants’ lexical decisions were very slow,
and suggested that this may have contributed to our large mixed-case non-
word priming effect. We concur.

In addition, Kinoshita and Norris (2011) offered two alternative expla-
nations for mixed-case nonword priming. The first is that the effect might be
driven by the physical continuity between lowercase letters in a repetition
prime and its mixed-case target (e.g., word-wOrD). In a control experi-
ment, Bodner and Masson (1997, Experiment 2B) found that replacing
the nonoverlapping letters in each repetition prime with new letters to make
a functionally unrelated prime (e.g., wirk-wOrD) eliminated priming for
both words and nonwords. Thus, we concluded that physical continuity
across the lowercase letters in repetition primes and targets was not the locus
of the effect. However, Kinoshita and Norris (2011) took issue with this
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control experiment, suggesting that physical continuity might operate only
when all the letters in repetition primes and targets are the same (as in
Bodner & Masson, 1997, Experiment 2A). To address this issue,
Kinoshita and Norris (2011, Experiments 1 and 2) manipulated whether
primes were presented in the same font and size (allowing physical continu-
ity for lowercase letters) or a different font and size (eliminating physical
continuity for all letters) relative to their mixed-case targets. They found
no evidence of reduced priming in the different font/size condition in either
experiment, leading them to reject their own physical-continuity
explanation.

The second alternative explanation for mixed-case nonword priming
offered by Kinoshita and Norris (2011) is that it was an artifact of the per-
ceptual similarity and hence confusability between lowercase “1” and both
lowercase and uppercase “I/1” in Courier font. In a post hoc analysis of a rep-
lication of Bodner and Masson (1997, Experiment 2A), Kinoshita and Norris
(2011, Experiment 1) found mixed-case nonword priming in the lexical-
decision task for “ambiguous” nonwords such as “lOvInK” but not for
“unambiguous” nonwords such as “jAsAnT”. For this chapter, we con-
ducted a reanalysis of Bodner and Masson (1997, Experiment 2A) and we
did not find a difference in mixed-case nonword priming across our
13 ambiguous and 35 unambiguous critical nonword targets. Our ambigu-
ous nonwords showed 88 ms of priming and our unambiguous nonwords
showed 90 ms of priming, contrary to the letter-ambiguity hypothesis.

In their second experiment, Kinoshita and Norris (2011) created a new
set of mixed-case nonword targets that did not include lowercase “I,” and
the 11-ms of priming they obtained for these targets failed to reach signif-
icance. Their nonsignificant effect (p=0.06 by subjects) is difficult to inter-

73D
1

pret, however, given that 37 of their 80 nonword targets contained or
“I” and thus were ambiguous by their own operational definition. To sup-
port the letter-ambiguity hypothesis, Kinoshita and Norris would need to
have found significant priming for their ambiguous nonwords and a nonsig-
nificant priming eftect for their unambiguous nonwords. The balance of evi-
dence leads us to suggest that mixed-case nonword priming is not typically

or exclusively due to the letter ambiguity identified by Kinoshita and Norris.

3.1.4 Using a Backward Task to Test a Backward Idea

Davis et al. (2008) proposed yet another alternative to memory recruitment
to explain mixed-case nonword priming. They argued that mixed-case tar-
gets direct processing toward individual letters instead of lexical units, and
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“this extra process of checking letter identity may result in a priming effect
for nonword targets based on letter representations” (p. 675). They further
argued that difficult target formats other than mixed case should not induce a
letter-level process and thus should not yield nonword priming. To test this
sublexical claim, they introduced a backward lexical-decision task in which targets
must be processed from right-to-left before a lexical decision 1s made (e.g.,
DAOR for word target ROAD, FRAL for nonword target LARF). On the
memory-recruitment account, this task should increase prime recruitment
and target facilitation relative to the fluency bias associated with the
lexical-decision task, hence backward nonword priming should occur. With
forward primes and backward targets, Davis et al. (2008) found repetition
priming for words but not for nonwords, thus providing an important
new challenge to the memory-recruitment account.

Working with Bodner, former graduate student Aaron Brown con-
firmed that nonword priming is absent in the backward lexical-decision task
(using uppercase targets) under the same parameters that generate mixed-
case nonword priming in the usual lexical-decision task (see Fig. 5.2).
Brown tested 48 participants per group, the stimuli were from Bodner
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Figure 5.2 Masked priming for mixed-case targets (left panel) and backward targets
(right panel) in the lexical-decision task (see text). Mean reaction times, error rates,
and priming effects are plotted as a function of prime type for nonword targets and
high-frequency (HF) and low-frequency (LF) word targets. Error bars for reaction times
and errors are 95% within-subjects confidence intervals for comparing pairs of means
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dence intervals for comparing priming across target frequency. Error bars for nonword
priming effects are 95% confidence intervals for comparing these effects against zero.
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and Masson (2001, Experiment 2), and the prime-target SOA was 45 ms.
Critically, nonword priming was not significant in the backward task
(—7 ms) but was significant with mixed-case targets (21 ms) and the latter
effect was not modulated by the aforementioned letter ambiguity issue.
Unlike Davis et al. (2008), the frequency of the word targets was also manip-
ulated, and we obtained a frequency by priming interaction but only in the
mixed-case group. This interaction suggests that priming with mixed-case
targets reflects more than a sublexical process, at least for the word targets.

One interpretation of this dissociation between mixed-case and back-
ward priming is that the former reflects a sublexical process rather than
memory recruitment, and the latter reflects a lexical process. Alternatively,
mixed-case targets might negate the fluency bias against nonword priming,
but backward targets might not. With backward targets, participants may
continue to experience their target processing as more fluent on repetition
(vs. unrelated) trials, and this fluency bias may work against making rapid
nonword responses. Our experience doing the backward task is that once
one adjusts to reading targets from right to left, the task, though laborious,
is regular and predictable. In contrast, with mixed-case targets, different
combinations of uppercase and lowercase letters are continually encoun-
tered, making responding to targets less regular and predictable. A fluency
bias may be more likely to survive in a more stable environment such as
processing backward (vs. mixed-case) targets.

This ad hoc “out” aside, we concede that mixed-case nonword priming
does not provide unequivocal evidence of a fluency bias. As a result, mixed-
case nonword priming cannot be taken as unequivocal support for the
memory-recruitment account (cf. Bodner & Masson, 1997). Unfortunately,
at a practical level, even if the backward lexical-decision task isolates lexical
processes, researchers interested in the lexicon are unlikely to use it given the
long response times and the high error rates it produces. Therefore, we
return to looking at priming for good old standard nonwords, but with some
new tricks, in Sections 3.1.5 and 3.1.6.

3.1.5 Nonword Priming: Should we Stay or Should We No-Go?

Having surrendered our much-contested mixed-case nonword priming
effect, it behooves us to show that masked nonword priming can occur with
standard targets when it is not undermined by a fluency bias. As mentioned
earlier, there have been occasional reports of standard masked nonword
priming (Bodner & Masson, 2001, 2003; Forster, 1985; Sereno, 1991),
but Forster (1998) reported that across 40 of his own standard
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lexical-decision experiments only 3 produced significant nonword priming,
and that the mean nonword priming eftect was only 9 ms.

Perea, Gomez, and Fraga (2010) speculated that the absence (or small
magnitude) of standard nonword priming in the lexical-decision task might
be due to priming occurring only for the positive/default response option
and not for the negative/alternative response option in any given binary task.
Consistent with this idea are the results from Norris and Kinoshita’s (2008)
same-different judgment paradigm. In this paradigm, a referent item is
shown in plain view before a masked priming trial, and the participant’s task
is to decide whether the target matches the referent or not. Using this par-
adigm, Norris and Kinoshita (2008) reported priming for both words and
nonwords on positive “same” trials but neither showed priming on negative
“different” trials (see also Kinoshita & Norris, 2011).

Using the standard masked priming paradigm, Perea et al. (2010) tested
whether more nonword priming would be obtained in a nonword-based
go/no-go task—in which participants make “yes” responses to nonwords
and withhold responding to words (Siakaluk, Buchanan, & Westbury,
2003)—than in the usual lexical-decision task. Instead, they found signifi-
cant, equivalent priming in these respective tasks (14 vs. 11 ms), leading
them to conclude that making “no” (vs. “yes”) responses to nonwords does
not work against nonword priming. On the one hand, their significant non-
word priming effects give the memory-recruitment account another gasp of
air, but on the other hand, the null interaction suggests either that a fluency
bias does not operate against nonword priming in the lexical-decision task or
the go/no-go task did not reduce it.

Recently, and in collaboration with graduate students Aaron Brown and
Andreas Breuer, we attempted to show that a fluency bias works against
nonword priming even in the nonword go/no-go task. Our experiment
was inspired by Unkelbach (2006), who showed that task factors can be
manipulated in ways that can produce striking fluency bias reversals (e.g.,
making fluency favor “new” rather than “old” responses on a recognition
test). Our crucial condition, Condition A, involved two key changes to
the method used by Perea et al. (2010). First, the prime context was adjusted
to make fluency predictive of a nonword target. To this end, the proportion
of repetition (vs. unrelated) prime trials was 0.8 for nonword targets but O for
word targets (rather than 0.5 for both target types as in Perea et al.). Thus,
prime-induced fluency strongly signaled a nonword response. Second, to
guide participants to rely on this reversed fluency bias, the target context
was adjusted to induce a task-wide bias toward the nonword response. This
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was accomplished by using a 60/40 nonword/word ratio (rather than 50/50
as in Perea et al.). Taken together, prime-induced fluency should create a
bias toward making a nonword response, and the target-type ratio should
work to make the nonword response prepotent. Condition B removed this
prepotency by using a 50/50 nonword/word ratio. Condition C used an
80/20 nonword/word ratio to make the nonword response strongly prepo-
tent, but the proportion of repetition (vs. unrelated) prime trials was 0.5 for
nonword and word targets, so fluency did not exclusively signal a nonword
response. There were 24 participants per group, the stimuli were from
Bodner and Masson (2001, Experiment 1), and the prime-target SOA
was 45 ms. As shown in Fig. 5.3, robust nonword priming occurred in Con-
dition A (27 ms) but not in Condition B (3 ms) or C (6 ms). This experiment
suggests that overcoming the fluency bias can be very challenging, even
when some of the context and task elements are set up to promote nonword
priming.

Perea et al. (2010) obtained a larger priming effect for words than for
nonwords in their lexical-decision task, and they argued thar this result
“strongly suggests that there is a lexical component to masked priming”
(p- 373). We do not think this conclusion logically follows, however, for
two reasons. First, when some nonword priming occurs, it does not follow
that the fluency bias has been eliminated. It merely demonstrates that
enough of the fluency bias has been overcome to reveal positive nonword
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Figure 5.3 Masked priming effects in three nonword go/no-go task conditions (see
text). Mean reaction times are plotted as a function of prime type for nonword targets.
Error bars for reaction are 95% within-subjects confidence intervals for comparing pairs
of means across prime type. Error bars for priming effects are 95% confidence intervals
for comparing priming effects against zero.
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priming (Bodner & Masson, 1997). Second, rather than reflecting a lexical
process, larger priming eftects for words compared with nonwords could
reflect the prime-initiated recruitment of prior experiences with the prime
other than the prime episode (see Whittlesea & Jacoby, 1990). As mentioned
in Section 2.2, the processing of the prime should also sponsor memory
recruitment. This form of memory recruitment, which does not exist for
nonwords, would selectively facilitate repetition priming for word targets.
It might also explain the frequency-attenuation eftect, if prior experiences
with low- versus high-frequency words are more distinct in memory.
We have not written of these possibilities before.

3.1.6 Nonword Priming in an All-Nonword Task: New Evidence of a
Fluency Bias
Perea et al.’s (2010) finding that nonword priming was not greater when

13

participants made a “yes” rather than a “no” response to nonwords was
not fully convincing, unfortunately, because different tasks were used to
make this comparison (i.e., nonword go/no-go vs. lexical decision, respec-
tively). Bodner, Johnson, and Masson (2014) designed a novel test of
whether fluency from repetition primes might bias a “yes” response rather
than a “no” response to nonwords within the same task. This test can be
accomplished only by creating a binary all-nonword task. Our participants
decided whether each five-letter nonword target contained more vowels
than consonants. If a fluency bias promotes “yes” responses, then priming
should be greater for “yes” nonwords (e.g., SEERA) than for “no” non-
words (e.g., BULGA) in this novel task.

In one experiment, we tested 110 participants (70 in one replication,
40 in another; the results were the same and are combined here), there were
200 trials, the proportion of repetition (vs. unrelated) prime trials and of yes
(vs. no) nonwords was 0.5, assignment of hand to yes/no response was
counterbalanced (and had no effect), and the prime-target SOA was
45 ms. As shown in Fig. 5.4, the critical interaction between nonword type
and priming was significant. Nonword priming was significant for “yes”
nonwords (22 ms) but not for “no” nonwords (6 ms). Participants made
slightly more errors on repetition (vs. unrelated) trials, but this was true
of both nonword types.

This dissociation suggests that nonword priming might be under-
estimated if fluency biases “yes” over “no” responses in the lexical-decision
task, and perhaps biases “same” over “different” responses in the Norris and
Kinoshita (2008) referent task (Bowers, 2010; but see Norris & Kinoshita,



196 Glen E. Bodner and Michael E.J. Masson

950 W Unrelated prime
50 F - )
. [] Repetition prime 130 ©
) 5
E :
o 900 120 o
g L7
= Q
S =
S 8501 110 3
©
[0}
g L,
800 | 4
22 + _
— 0
o)
et o
= 1-1 =
2 Il 3
3 1 g
o 12 2
q.) %
o 21
1 3 g

Yes No Yes No
Target type Target type

Figure 5.4 Masked priming effects for “yes” and “no” nonword targets in an all-
nonword vowel-judgment task (Bodner et al., 2014). Mean reaction times and error rates
are plotted as a function of prime type for each type of nonword target. Error bars for
reaction times are 95% within-subjects confidence intervals for comparing pairs of
means across prime type. Error bars for priming effects are 95% confidence intervals
for comparing priming effects against zero.

2010). It further suggests that another reason nonword priming may often
fail to be observed: The mere presence of words! When word and nonword
targets occur within a task (especially in the lexical-decision task), partici-
pants likely give high priority to word targets, for which they have more
processing experience. Even in the nonword-based go/no-go task, partic-
ipants likely first attempt to rule out that the target is a word before com-
mitting a nonword response. As a result, fluency from repetition primes
may typically be counted toward the dominant or more fluent response
option (typically the “word” response), thus making it difficult to observe
nonword priming. It is tantalizing for memory-recruitment enthusiasts (of
which there are at least two convalescing cases) to speculate that greater
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priming for “yes” than “no” responses could explain why masked priming is
usually greater for words than for nonwords in the lexical-decision task.
Unfortunately, one cannot simply create a “nonlexical-decision task” where
participants are asked to decide whether targets are nonwords or not. We
have tried this, and our participants reported that they simply flipped the task
instructions.

The nonword priming effects reviewed in Sections 3.1.5 and 3.1.6 pro-
vide a semblance of optimism for our claim that masked primes are encoded
and can influence nonword target processing when not countered by a flu-
ency bias. Of course, it is always possible to attribute these effects to a purely
prospective sublexical locus rather than to memory recruitment. At a min-
imum, though, masked nonword priming results are problematic for a purely
lexical account. They are also problematic for the Bayesian R eader account
(Norris & Kinoshita, 2008) when there is no nonword prior to be updated
by the prime (cf. the same-different referent paradigm). In Section 3.2, we
switch gears to consider another masked priming phenomenon that we
anticipated would provide better evidence for a memory-recruitment
account.

3.2. Prime-Proportion Effects on Masked Priming

Beginning with the first author’s dissertation work (Bodner & Masson, 2001,
2003), we have largely pursued a second line of evidence for the memory-
recruitment account, namely the surprising sensitivity of masked priming to
prime-proportion manipulations. As Masson and Bodner (2003) put it, “we
reasoned that if masked priming and long-term priming share a common
mechanism, then masked priming might ... be enhanced by a high degree
of contextual overlap between study and test episodes” (p. 78). Overlap can
be defined as the list-wide proportion of trials with (vs. without) overlap in
one or more of the operations required for processing both the prime and
target (e.g., orthographic, phonological, semantic, motor). Typically, we
have manipulated this proportion between groups (0.8 vs. 0.2). Because par-
ticipants are largely unaware of the primes, it is unlikely that they engage in
conscious, strategic modulation of processing based on awareness of the
prime proportion. Instead, increased priming in high-proportion-overlap
conditions reflects an adaptive modulation of the use of information arising
from an unconscious source.

In print, we motivated our tests of prime-proportion effects on masked
priming by appealing to: (1) participants’ sensitivity to the list-wide structure
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of stimuli, without awareness, in implicit learning studies (e.g., Reber &
Allen, 1978; Vokey & Brooks, 1992); (2) a proportion-old eftect on recog-
nition tests (Allen & Jacoby, 1990; Jacoby, 1983); and (3) a proportion con-
gruent Stroop effect (Cheesman & Merikle, 1986). However, the true origin
of the idea was the failure of the first author’s Master’s thesis work to show an
influence of a spatially based prime-proportion manipulation on short-SOA
unmasked semantic priming (Bodner, 1997). At that time, we had just com-
pleted the experiments comprising Bodner and Masson (1997), so we essen-
tially took a blind leap and tested whether a repetition-prime-proportion
manipulation would modulate masked priming in the lexical-decision task.
This was a long shot given that the dominant account of masked priming
appealed to an automatic, prime-context-insensitive lexical-entry opening
mechanism (Forster & Davis, 1984).

3.2.1 Effects with Word Stimuli

Bodner and Masson (2001) reported 12 lexical-decision experiments, 8 of
which showed greater repetition priming for words when 0.8 rather than
0.2 of the trials contained repetition (vs. unrelated) primes (see Fig. 5.5,
panel A). Across those eight experiments, the average priming effect was
32 ms in the 0.2 group and 57 ms in the 0.8 group—a substantial difference
in a realm of tiny differences! An underlying trope of this chapter is that we
can learn from failures. When we examined our failures, we noticed that
they all involved substantial trial-to-trial variation in target processing diffi-
culty. For example, Experiment 2 used a mixture of very high-frequency
(i.e., easy) word targets and very low-frequency (i.e., hard) word targets.
We also noticed (and showed statistically) that across these four experiments
substantial priming occurred in the 0.2 conditions. From the memory-
recruitment account (as we elaborate below), this pattern suggested that
when variation in target processing difficulty is high, participants increase
their use of the primes, regardless of their list-wide validity for the task at
hand. Consistent with this claim, we found that adding a set of medium-
frequency word targets “smoothed out” this variation and allowed a
prime-proportion effect to emerge (Experiment 6).

In the word-recognition domain, we also reported an influence of
relatedness proportion on masked semantic priming in the lexical-decision
task (Bodner & Masson, 2003). This effect was especially surprising given
that such effects had typically been obtained only with unmasked primes,
using SOAs that were long enough to allow application of conscious strat-
egies such as generating expectancies about the target based on the prime
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Figure 5.5 Bias pattern of prime-proportion effects on masked priming. Mean reaction
times and error rates are plotted as a function of prime-proportion condition for (A)
word stimuli in the lexical-decision task from Bodner and Masson (2001; word data,
pooled across eight sets of data), (B) number stimuli in the parity-judgment task from
Bodner and Dypvik (2005; data pooled across target type and Experiments 1-3), and (C)
arrow stimuli in the left/right task from Bodner and Mulji (2010). Bars are 95% between
subject confidence intervals, computed separately for repetition/congruent prime trials
and unrelated/incongruent prime trials, and are appropriate for comparing a given trial
type across prime-proportion groups. Adapted from figure 5 of Bodner and Dypvik (2005).

(see Neely, 1991). However, in the last decade, there has been one published
failure to replicate this effect (Grossi, 2006), and no successful replications of
it. In conjunction with the absence of proportion-dependent semantic
priming effects with unmasked primes at short SOAs (e.g., Bodner, 1997,
Perea & Rosa, 2002), Bodner and Masson’s (2003) findings could be Type
[ errors and therefore warrant an attempt at replication.
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In contrast, there are many replications of repetition-proportion modu-
lated masked priming. Bodner and Masson (2004) reported this effect in the
naming task (see also Kinoshita, Forster, & Mozer, 2008). In the lexical-
decision task, Bodner, Masson, and Richard (2006) used “no prime” trials
to establish that the larger priming effect in the high (vs. low) proportion
group reflects both increased facilitation from repetition primes, and
increased interference from unrelated primes. They also found that priming
is influenced by the proportion of repetition trials, rather than by the pro-
portion of unrelated trials (cf. Kinoshita et al., 2008). Bodner and Stalinski
(2008) further showed that the effect can also occur within subjects, across
blocks (see also Kinoshita et al., 2008) and under cognitive load (though sur-
prisingly it was absent in the no-load condition). And, linking to Section 3.1,
masked nonword priming often emerges when a high repetition-proportion
is used (Bodner & Masson, 2001, Experiments 1, 2A, and 4A; Bodner &
Masson, 2003, Experiment 2), though not always (Bodner &
Stalinski, 2008).

3.2.2 Effects in Other Stimulus Domains

Proportion-dependent masked priming has also been reported in several
other stimulus domains, thus implicating a domain-general mechanism if
not memory recruitment per se. In these paradigms, response priming is
the basic effect: facilitation (typically) occurs when the prime and target bias
the same binary response (congruent trials) rather than opposite responses
(incongruent trials). Bodner and Dypvik (2005; see Fig. 5.5, panel B) and
Kinoshita, Mozer, and Forster (2011) both obtained proportion-dependent
masked response priming in an odd/even parity-judgment task using num-
ber stimuli. Indeed, Bodner and Dypvik obtained a striking reversal in the
direction of priming and in the proportion eftect using exactly the same
items—only the task was varied. Parity judgments were facilitated on
parity-congruent trials (e.g., 1-7) relative to parity-incongruent trials
(e.g., 6=7) when the parity-congruency proportion was 0.8 (vs. 0.2), but
magnitude judgments relative to 5 were facilitated on magnitude-congruent
trials (e.g., 6—7) relative to magnitude-incongruent trials (e.g., 1-7) when
the magnitude-congruency was 0.8 (vs. 0.2).

Proportion-dependent masked response priming has also been found for
left/right judgments to nonalphanumeric stimuli (Jaskowski, Skalska, &
Verleger, 2003), and most recently to arrow stimuli (Bodner & Lee,
2014; Bodner & Mulji, 2010; see Fig. 5.5, panel C; Klapp, 2007; Perry &
Lupker, 2010). Interestingly, an influence of prime-proportion extends even
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to free-choice trials (within a set of fixed-choice trials with unambiguous
arrow targets) where a masked prime (e.g., >) precedes an ambiguous target
(e.g., < >). Bodner and Mulji (2010) showed that the proportion of
congruent fixed-choice trials modulated how quickly and how frequently
participants choose the response associated with the prime (e.g., >) as their
free-choice response, though the form taken by this modulation is debated
(Bodner & Lee, 2014; Perry & Lupker, 2010). An important and surprising
twist in this paradigm is that the direction of response priming, and of the
influence of prime proportion, completely reverses at prime-target SOAs
above 100 ms. That is, responses are slower on response-congruent (vs.
incongruent) trials, particularly when the proportion of response-congruent
trials is greater (Klapp, 2007; Perry & Lupker, 2010). We discuss the impor-
tance of this finding in Section 4.2.

3.2.3 Accounting for These Effects

The occurrence of prime-proportion effects on masked priming across these
stimulus domains is consistent with the operation of a domain-general
memory-recruitment process (e.g., see Bodner & Dypvik, 2005). The cog-
nitive system may “tune in” to the list-wide utility of the masked primes for
performing the target task, and may modulate its reliance on recruiting the
prime accordingly. The best evidence we have mustered for this possibility
comes from an examination of the form taken by these effects. As illustrated
in Fig. 5.5, increased recruitment of the prime in the 0.8 (vs. 0.2) group pro-
duces a consistent bias effect across binary judgment tasks: it results in faster
responses on the 0.8 repetition/congruent prime trials, but it also results in
more errors on the 0.2 unrelated/incongruent prime trials. Thus, increased
prime recruitment results in both a benefit and a cost. From an activation-
based account, increased activation of the prime in the 0.8 group should pro-
duce these benefits, but how or why increased activation produces costs
across these domains is less clear.

Unfortunately, the domain-general occurrence of prime-proportion
effects, and their underappreciated bias pattern, does not exclusively “rule
in” a memory-recruitment explanation. Rather than computing and
adapting to the prime proportion directly, participants may be adapting to
these manipulations indirectly, for example, through their influence on error
rate (e.g., Jaskowski et al., 2003) or response times (e.g., Desender & Van
den Bussche, 2012; Van Opstal, Buc Calderon, Gevers, & Verguts,
2011). In some cases, researchers have argued that high-proportion groups
increase prime activation (Klapp, 2007) or that low-proportion groups
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suppress prime activation (Perry & Lupker, 2010). Klapp’s adaptive
associative-strength account fits particularly well with demonstrations of
prime-proportion effects in a response priming paradigm (Bodner & Lee,
2014). Finally, despite evidence to the contrary (e.g., Bodner & Dypvik,
2005; Bodner et al., 2006; Bodner & Mulji, 2010), it has even been
suggested that these eftects might reflect conscious influences due to insuf-
ficient masking (e.g., Desender & Van den Bussche, 2012).

A detailed alternative account of prime-proportion effects is the Adapta-
tion to the Statistics of the Environment (ASE) account (Kinoshita et al., 2008,
2011), which posits that the cognitive system adapts its response deadline as a
function of current and recent trial difficulty to minimize response time and
error rate. Formal ASE models predict and produce prime-proportion
effects when it is assumed that repetition/congruent (easy) trials are more
sensitive than unrelated/incongruent (hard) trials to list-wide trial difficulty.
To date, the ASE account has been successfully applied to prime-proportion
effects in the naming and parity-judgment tasks. Moreover, in each case, the
ASE account also fit new results that either contradict the memory-
recruitment account or for which the account makes no clear prediction.

We are fans of the ASE account, but that approach is not without its chal-
lenges. To begin, it does not explain prime-proportion effects for words in
the lexical-decision task (see Kinoshita et al., 2008, p. 645). It is also unclear
whether ASE can account for the error portion of the bias pattern, given
that it has been used to model only response times thus far. Moreover,
the ASE model predicts that prime-proportion effects should occur only
in speeded tasks. Recently, we have obtained repetition-proportion
effects on both response times and accuracy in masked priming in a non-
speeded fragment-completion task (Bodner & Johnson, 2009; see also
Weidemann, Huber, & Shiffrin, 2008), which challenges the ASE account.
In addition, the ASE account cannot explain modulation in masked priming
when there is no observable response time difference across prime-context
conditions (Van Opstal et al., 2011). Finally, it is unclear whether the ASE
account can accommodate reversals in the direction of response priming
across SOAs (e.g., Klapp, 2007), a pattern that is also problematic for the
memory-recruitment account (see Section 4.2).

If issues such as these can be addressed, we concede that the ASE account
provides a much better-specified and mechanistic account of prime-
proportion effects than does the admittedly vague memory-recruitment
account. Fortunately, even if our account is incorrect, it is proved to be use-
ful in helping motivate the investigation of an important new phenomenon,
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namely the adaptive modulation of masked priming by variations in prime
context. We are pleased to note that whether such adaptive modulations
reflect “smart” or “dumb” mechanisms are currently an active area of

research (e.g., Desender et al., 2013).

3.3. Duration of Masked Priming

If the processing applied to a masked prime event is encoded into memory in
a lasting form, then by the memory-recruitment account it follows that it
might be possible to show lasting masked priming eftects. In contrast, on
prospective accounts, the activation or opening of existing representations
is typically posited to be very short-lived (e.g., Forster & Davis, 1984;
Greenwald, Draine, & Abrams, 1996; cf. Becker, Moscovitch,
Behrmann, & Joordens, 1997). And, by the Bayesian Reader account,
masked priming should be limited to adjacent prime-target pairings that
become conflated in the act of perception. Consistent with the latter
accounts, initial tests suggested that masked priming was limited to a single
trial and could be detected after no more than a second or two between
prime and target presentations (e.g., Ferrand, 1996; Forster, Booker,
Schacter, & Davis, 1990; Forster & Davis, 1984; Greenwald et al., 1996;
Humphreys, Besner, & Quinlan, 1988; Versace & Nevers, 2003). In con-
trast, priming effects with unmasked stimuli can be very long lasting (e.g.,
Kolers, 1976). This sharp dissociation between masked and unmasked prim-
ing could be taken as a failure of the memory-recruitment account, though it
might not be too surprising if such an impoverished trace does not have a
lasting influence (see Masson & Bodner, 2003).

However, the subliminal mere-exposure effect suggests that this dissoci-
ation may not be so sharp. Famously, Kunst-Wilson and Zajonc (1980)
found that brief repeated exposures to polygons increased their selection
over novel foils in a subsequent forced-choice preference task. Importantly,
if less famously, Whittlesea and Price (2001) replicated this result using a
variety of pictorial stimuli in both two-alternative forced-choice preference
and recognition tasks; they also reported that a single exposure was insuffi-
cient to produce these priming effects. Given that participants in these stud-
ies had not experienced these particular stimuli before, it seems reasonable to
assume that they somehow encoded aspects of them into memory.

Inspired by these findings, Masson and Bodner (2003) reported some
work-in-progress in which a single 45-ms masked word prime presented
on trial N (e.g., bell-TOAD) generated priming of target lexical decisions
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(39 ms; BELL) and masked perceptual identification (11%; bell followed by a
postmask) a few seconds later on trial N+ 1. We never published this pair of
experiments because we felt that the results did not sufficiently challenge the
lexical account. One could simply posit that lexical entries remain open for a
few seconds, after all. In retrospect, however, the persistence of masked
priming from one trial to another does appear to provide an important chal-
lenge for the Bayesian Reader account. In our design, the prime would be
conflated with an unrelated target on trial N, and there was no prime and
hence no prior to be updated prior to the target’s presentation on trial N+ 1.

As hinted at in Masson and Bodner (2003), we instead pursued longer
duration effects that we thought would be more impressive. Our ambition
exceeded our grasp. We failed like Icarus. In a series of unpublished lexical-
detection experiments, we often found effects but we had enough difficulty
replicating them that we ultimately banished all of them to our file drawers.
Our failure to demonstrate consistent long-lasting masked priming should
thus be taken as a challenge to the memory-recruitment account. We briefly
describe four of our most recent attempts here, both to show our cards and to
inspire others either to improve upon or avoid these tacks.

In one attempt, a masked word prime on trial N was repeated on trial N
+6, and the five intervening trials required either lexical decisions (no
primes) or symmetry judgments to polygons (to reduce retroactive interfer-
ence). In a second attempt, during an exposure phase, masked word primes
were presented on three consecutive trials involving a straight/curved judg-
ment to the letter-string targets (e.g., EEEE/GGGG). During the test phase
about a minute later, lexical decisions to primed versus unprimed targets
were compared. In a third attempt, lexical decisions were required
throughout but unbeknownst to participants, masked word primes were
presented on four trials prior to their appearance as targets. Different
exposure-test blocking variants resulted in average lags of 50, 80, or 130
trials (about 3 min on average). In our most recent attempt, with graduate
student Andreas Breuer, we investigated whether masked word primes,
across eight lexical-decision training trials, can become associated with
either a word or nonword response that was required for the target on each
training trial. On test trials, we measured whether lexical decisions were
faster to word-response trained words than to nonword-response trained
words. This last attempt was inspired by Marcos (2007), who found that
repeated pairings of masked “+” versus “o” primes with “<” versus “>”
targets, respectively, in an association phase generated robust response
priming in a testing phase.
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Although Bornstein’s (1989) review and meta-analysis of the mere-
exposure effect suggests that the effect is robust with word stimuli (see his
table 1), we have not been able to achieve reliable evidence that repeated
exposure to masked word primes influences future responses. And yet,
one recent finding makes us hesitate to close the door too firmly on this pos-
sibility. In a study using patients with epilepsy, Gaillard et al. (2007) pres-
ented brief (29 ms) masked words three times, at intervals ranging from
5 s to 47 min. The patients’ task was to decide whether each masked word
was threatening or not; these judgments were at chance for the initial two
word presentations (i.e., there was no behavioral priming effect). Nonethe-
less, using implanted intracranial electrodes, the researchers found evidence
that the local field potential generated by presentation of the masked words
often differed across the two initial presentations. They concluded that a
“single presentation of a masked word can durably affect neural
architecture” (p. 1527). So, although our labs’ efforts over the past decade
to update Masson and Bodner (2003) regarding the dissociation between
masked and unmasked priming have not been successful “there may still
be gold in them thar hills.”

4. THE STATUS OF THE MEMORY-RECRUITMENT
ACCOUNT

The findings reviewed in Section 3 do not provide a complete eval-
uation of the memory-recruitment account. They merely update Masson
and Bodner (2003) regarding the balance of progress/regress we have made
in each of the domains we have investigated. Our goal in Section 4 is to now
summarize, as frankly as possible, where those updates leave the account, and
to acknowledge a few other serious challenges and limitations. Section 5
then highlights a few key issues for accounts of masked priming to address.

4.1. Memory Recruitment Redux/Denouement

We can think of only one masked nonword priming result that would seri-
ously reanimate the memory-recruitment account: A long-lasting influence
of a single masked nonword presentation, either on a behavioral measure or
on a brain measure such as the local field potential effects, Gaillard et al.
(2007) demonstrated with word stimuli. Short-lived influences of a single
masked nonword prime can always be chalked up to a sublexical (e.g., letter
level) activation process rather than to memory recruitment. Long-lived
influences of multiple masked nonword prime exposures could be chalked
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up to the formation, activation, or modification of a newly formed abstract
representation. So, although the evidence reviewed in Section 3.1 reinforces
the claim that a fluency bias can work against nonword priming, we have not
succeeded in establishing that the nonword priming revealed when this flu-
ency bias is reduced or eliminated necessarily reflects memory recruitment.

As for the finding that masked priming effects are larger for low- than for
high-frequency words (Section 3.1.2), the memory-recruitment account of
this result has not been well motivated. The prime resource might be more
distinctive in memory for low-frequency words, as suggested by Bodner and
Masson (1997), but the effect could also simply reflect there being more
room to show priming for low-frequency items, given their longer reaction
times. On the other hand, the possibility that this interaction reflects prime-
initiated recruitment of other processing experiences in memory, which
would be more distinct for low (vs. high) frequency words, could render
that this interaction is more important than we have realized (see
Section 3.1.5).

Finally, although the memory-recruitment account provided a handy
motivation for studying prime-proportion effects on masked priming, we
concede that these effects do not compel a retrospective priming process.
Some of these effects (e.g., Bodner & Mulji, 2010) can be attributed to
an adaptive associative-activation process (e.g., Klapp, 2007), and others
(e.g., Bodner & Dypvik, 2005; Bodner & Masson, 2004) can be attributed
to an adaptive adjustment of the response deadline (e.g., Kinoshita et al.,
2008, 2011). On the other hand, Klapp’s (2007) account is silent regarding
prime-proportion effects that occur without repetitions of primes and targets
(e.g., Bodner & Masson, 2001), and the ASE account does not predict the
effect in nonspeeded tasks (Bodner & Johnson, 2009) or even in the lexical-
decision task (Bodner & Masson, 2001; Bodner et al., 2006). One small vic-
tory for the memory-recruitment account is that it tried to offer a unified
explanation of prime-proportion effects across various tasks, stimulus
domains, and prime types (Bodner & Dypvik, 2005).

4.2. Other Challenges to Memory Recruitment

Over the years, we have doubtlessly missed many other masked priming
results that challenge the memory-recruitment account. Here, we highlight
one specific challenge and one general challenge. The specific challenge is
that the memory-recruitment account cannot easily explain negative
(“inhibitory”) masked priming eftects when there is overlap in prime-target
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processing. For example, in the word domain, Nakayama, Sears, and Lupker
(2008) reported that orthographic neighbor primes (e.g., heap-HELP)
resulted in slower reaction times than unrelated control primes (e.g.,
area-HELP). Bowers (2010) picked on the Bayesian Reader account’s
inability to accommodate such effects, but on the memory-recruitment
account overlap should also facilitate target responses (as noted by Nakayama
et al.)—unless that overlap works against making the correct target response
(as we considered at length for nonword priming in Section 3.1). Relatedly,
although we have used the memory-recruitment account to explain some
response-priming effects (e.g., Bodner & Dypvik, 2005; Bodner & Mulji,
2010), the account is incompatible with the negative-compatibility effect
(NCE), and with the prime-proportion effect on the NCE (Klapp, 2007),
as noted by Perry and Lupker (2010). The NCE occurs when responses
are faster after response-incompatible primes than after response-compatible
primes. For example, in a left/right task, a left-facing arrow (relative to a
right-facing arrow) sometimes facilitates responses to a right-facing arrow.
Curiously, the NCE typically emerges at prime-target SOAs above
100 ms, whereas the usual positive-compatibility effect typically occurs at
shorter SOAs (e.g., Schlaghecken & Eimer, 2000). In fairness to the
memory-recruitment account, this reversal of response priming is hard to
explain. The dominant “activation then inhibition” account seems to rede-
scribe the data pattern rather than to explain it in a satisfactory way (e.g.,
Schlaghecken & Eimer, 2000).

At a more general level, the memory-recruitment account and its trusty
sidekick fluency bias have been criticized for being poorly specified and post
hoc, most vociferously by Forster (e.g., Forster, 1998; Forster et al., 2003) and
Kinoshita (Kinoshita et al., 2008; Kinoshita & Norris, 2011, 2012). Are the
contents of a “processing resource” vaguer than the contents of a “lexical
entry” or “prior”’? Perhaps not. Could they be better specified? Absolutely.
But in the absence of a strong set of findings that provide unambiguous sup-
port for our account, and in the absence of a ringing endorsement from
researchers regarding its utility, there is not much incentive to do so. Instead,
we have been impressed with the development of better-specified accounts
of masked priming, such as the Bayesian Reader account (e.g., Norris &
Kinoshita, 2008), and of masked prime-proportion effects, such as the
ASE account (e.g., Kinoshita et al., 2008, 2011). As long as the possibility
that a memory process can “remain on” when primes are masked is not
turned off in the consciousness of researchers, we hope that our account will
continue to have some influence, and not solely in a “Buttsy” sense.
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5. MOVING ACCOUNTS OF MASKED PRIMING FORWARD

Having masked our share of primes, Section 5 fashions some parting
thoughts that will hopefully make a reasonable substitute for genuine
wisdom. To begin, let us pitchfork away the straw men, and concede that
masked priming paradigms are unlikely to provide pure measures of lexical,
sublexical, or memory processes. Participants likely bring multiple processes
to bear on the processing of masked primes. Therefore, we will need better-
specified accounts of each active process, and careful tests of whether each
process is influenced by context and task factors. Relatedly, accounts of
masked priming have not typically attempted to address effects in both
speeded (response-time based) and nonspeeded (accuracy based) tasks, across
both classification (e.g., binary response) and identification (e.g., naming,
masked perceptual identification, word fragment completion) tasks, with
repeated and nonrepeated stimuli across trials, and when response priming
is measured versus controlled. A merit of the memory-recruitment account
was that it attempted to provide a simple, unified explanation of priming and
prime-proportion effects that cut across these categories.

Layered on top of these considerations is the issue of whether masked
priming effects are modulated by conscious awareness—not direct awareness
of the primes—but awareness of the variations in one’s target processing that
arise from priming (for a recent review, see Desender & Van den Bussche,
2012). Only recently has clear evidence of unconscious modulation of
masked priming effects been reported (Desender et al., 2013). For example,
Van Opstal et al. (2011) found that a masked prime can bias either of two
opposing responses depending on the unconscious context, even when the
masked context manipulation did not affect overall reaction times and thus
could not sponsor a response deadline shift, contrary to the ASE account.
Researchers should keep in mind that masked priming effects are not nec-
essarily driven solely by unconscious processes so long as targets are plainly
visible and participants are aware of their responses to them. On the other
hand, having established that masked priming effects are not much
influenced by prime awareness, researchers might wish to “open up” their
research by trying different prime durations and/or prime-target SOAs,
which could reveal very different types of priming (e.g., Schlaghecken &
Eimer, 2000). For example, using the same set of manipulations we consis-
tently obtained nonword priming eftects at a 60-ms SOA (Bodner &
Masson, 1997) but not at a 45-ms SOA (Bodner & Masson, 2001).
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