Cell

P RESS

Attention, intention and
domain-specific processing

Matthew Finkbeiner' and Kenneth I. Forster?

"Macquarie Centre for Cognitive Science, Macquarie University, Sydney, NSW 2109, Australia
2 Department of Psychology, University of Arizona, Tucson, AZ, 85721, USA

Many researchers use subliminal priming to investigate
domain-specific processing mechanisms, which have
classically been defined in terms of their autonomy
from other cognitive systems. Surprisingly, recent
research has demonstrated that nonconsciously eli-
cited cognitive processes are not independent of atten-
tion. By extension, these findings have been used to
call into question the autonomy of domain-specific
processing mechanisms. By contrast, we argue that
the demonstrated modulation of nonconscious cogni-
tive processes by attention occurs at a predomain-
specific stage of processing. Thus, although we agree
that attention might be a prerequisite of nonconscious
processes, we suggest that there is no reason to think
that higher-level cognitive systems directly modulate
domain-specific processes.

Introduction

Cognitive scientists have long been interested in the
nonconscious mind, and especially in establishing the
depth of processing of nonconsciously perceived infor-
mation [1-4]. The intrigue with nonconscious processing
stems from the widely held assumption that nonconscious
cognitive processes are elicited independently of higher-
level cognitive systems or resources (e.g. attention, inten-
tion or consciously set strategies) [5,6]. Importantly for
our purposes here, this assumption has provided the basis
for using subliminal priming to investigate domain-
specific processing mechanisms. Domain-specific proces-
sing mechanisms have classically been defined in terms of
their automaticity (i.e. mandatory engagement by a single
information type) and autonomy (i.e. impervious to top-
down modulation; but see Coltheart [7]). Thus, it has been
reasoned that subliminal priming provides an ideal win-
dow into domain-specific processing mechanisms. Sur-
prisingly, several recent findings have called this line of
reasoning into question by showing that masked priming
effects, which serve to index nonconscious cognitive pro-
cesses (Box 1), depend upon attention and, in some cases,
are modulated by one’s consciously set expectations.
These recent findings are potentially devastating because
they seem to undermine a long line of masked priming
research that has been thought to reveal core properties
of automatically elicited, domain-specific processing
mechanisms.
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Three stages of information processing

Before addressing these recent findings, it is important to
consider the stages of information processing that are
minimally required to observe masked priming effects.
We suggest that there are at least three general stages
of processing in a typical masked priming experiment: a
‘pre-domain-specific’ stage, a ‘domain-specific’ stage and a
‘decision’ stage (Box 2). Importantly, to undermine the
assumption that domain-specific processes proceed
autonomously, one would need to demonstrate that the
computations carried out at the second (domain-specific)
stage of processing are directly modulated by higher-level
cognitive systems (e.g. attention). For example, if one
found that the presence of spatial attention was a prere-
quisite of masked orthographic priming, but not masked
morphological priming (Box 1), this would indicate that
attention modulated domain-specific (i.e. orthographic)
processes. By contrast, if spatial attention is found to be
a prerequisite of masked priming effects across several
different information domains, this would then suggest
that attention operates at a domain-general level of infor-
mation processing. Later, we argue that the recent findings
that have been brought to bear on this issue suggest that
top-down modulations of nonconscious cognitive processes
are carried out at a general pre- or postdomain-specific
level of processing. Table 1 summarizes experimental
evidence bearing on top-down modulation of masked prim-
ing effects.

Masked priming effects depend upon attention

The first study to demonstrate the essential role of attention
in nonconscious priming was reported by Naccache et al. [8].
These authors asked participants to categorize target num-
bers as either greater or less than 5 by pressing one of two
buttons. As in all masked priming experiments (Box 1), the
visible target was preceded by a masked prime that partici-
pants were unable to report. Somewhat different from other
masked congruence priming experiments, however, the
primes and targets were imbedded in an otherwise continu-
ous stream of masks. Crucially, a masked congruence prim-
ing effect (faster response latencies on congruent trials) was
only obtained on those trials in which a salient cue (green
square; c.f. Experiment 2 in ref [8]) appeared in the stream of
masks just before the prime-target pair of stimuli. Because
the prime-target pair was always presented at fixation, and
because the stimulus onset asynchrony (SOA) between
prime and target was held constant, this finding demon-
strated that temporal attention needs to be ‘focused in time’
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Box 1. Masked priming paradigm
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In the widely used ‘sandwich’ masking paradigm, a prime stimulus,
which is undetectable to participants, is presented briefly between a
forward and backward mask [32,35]. The target stimulus follows the
prime, and response latencies are calculated from target onset. The
experimental manipulation involves the prime-target relationship.
Because priming effects are thought to reflect the overlap in
processing of the prime and target stimuli, this technique can be
used to investigate a wide range of cognitive processes. For example,
the finding that the prime-target pair drive-DROVE produces the same
amount of priming as drove-DROVE (relative to dribe-DROVE)
suggests that morphological processes are engaged automatically
[46]. Similarly, the finding that klip-CLIP produces priming relative to
plip—CLIP suggests that phonological processes can be engaged
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directly [4,47]. Likewise, the finding that translation prime-target pairs
(e.g. [J-HAND) produce priming with bilingual participants suggests
that the semantic properties of printed words are accessed auto-
matically [24-27].

The masked priming paradigm has also been used with pictures.
Figure | depicts a masked congruence priming task in which
participants were asked to categorize the target stimulus as either a
face or a tool [48]. In this case, reliably faster response latencies in the
congruent condition (i.e. prime and target stimuli are exemplars of
the same category) than in the incongruent condition (i.e. prime and
target are from different categories) are taken as evidence that
categorical information can be accessed directly, without visual
awareness.
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Figure I. Depiction of a masked congruence priming experiment, in which participants categorize the target stimulus as a face or a tool. Faster response latencies on
congruent trials, where both prime and target belong to the same category, than on incongruent trials, where the prime and target stimuli belong to opposite categories,
indicates a masked congruence priming effect. Based on experiments by Ref. [48].

for masked congruence priming effects to be obtained (see
Kiefer and Brendel [9] for a replication and extension of this
finding).

In a more stringent test of the role of attention in
masked priming, Lachter et al. [10] manipulated transient
spatial attention (i.e. attention was transiently directed
towards or away from the prime stimulus). Manipulations
of spatial attention are more stringent, insofar as it is
possible to manipulate both voluntarily and involuntarily
directed attention either towards or away from the prime
stimulus, which is more difficult to accomplish in manip-
ulations of temporal attention. Lachter et al. found that
only spatially attended primes produced priming. In this
study [10], they used the lexical decision task and ‘identity’
primes (e.g. table-TABLE versus shirt—-TABLE). This find-
ing has been replicated [11] and has recently been
extended to include a letter-identification task [12].

Taken together, these findings are compelling in refut-
ing the assumption that cognitive processes which are
elicited independently of awareness are similarly elicited
independently of attention. This long-standing assumption
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no longer holds. However, does the refutation of this
assumption similarly entail the refutation of the long-
standing and central assumption in cognitive science
which holds that domain-specific processes proceed inde-
pendently of higher-level cognitive systems, including
attention? We presently find no compelling reason to think
so.

First, the finding that transient attention is a prerequi-
site for masked priming effects across two distinct infor-
mation domains (i.e. Arabic numerals [8] and letters [12],
in addition to printed words [10,11]) is important because
it suggests that transient attention is operating at a
domain-general level of processing. Second, there is a large
body of literature which convincingly demonstrates that
transient attention primarily affects basic visual dimen-
sions, such as contrast sensitivity, orientation discrimi-
nation, spatial resolution and temporal resolution [13-16],
all of which can reasonably be subsumed within the ear-
liest, predomain-specific stage of processing.

On the basis of these observations, we suggest, following
Broadbent [17] and others [10], that transient attention



Box 2. Stages of processing

It is possible to specify three general stages of information
processing that are required in a typical masked priming experi-
ment. The first stage of processing involves extracting low-level
features from the physical stimulus such as position, orientation,
scale and contrast. Processing at this initial stage corresponds
roughly to Marr’s primal sketch [49] and is invariant across different
types of information (e.g. letters versus numbers). Thus, processing
at this stage precedes, for example, the processing of numbers qua
numbers or letters qua letters. We refer to this first stage of
processing as ‘predomain-specific’ processing.

The second stage of processing begins with an assembly of low-
level features and ends with the selection of the specific mental
representation that corresponds to the physical stimulus. The
second stage of processing (which encompasses several sublevels
of representation and processing, depending upon one’s particular
theory) is ‘domain specific’, insofar as this stage of processing is
‘lexical’ or ‘numerical’, or whatever else the case might be.

The third and last stage of processing is the level at which
decisions and inferences are made. Because it is generally thought
that information at this ‘postdomain-specific’ level of processing is
available for conscious report, one would expect higher-level
cognitive systems to interact here and, hence, it is unlikely that
any processes at this stage are autonomous. Thus, this stage of
processing is not generally thought to be relevant in discussions of
automatic (autonomous) processes.

might function as a ‘window’ in the earliest stage of
information processing. Essentially, if this window is posi-
tioned appropriately in space and time, then subsequent
stages of information processing can become engaged and
can proceed autonomously. If this attentional window is
not positioned correctly, subsequent stages of processing
do not become engaged to a sufficient degree to modulate
response latencies (i.e. produce priming). Thus, although

Table 1. Top-down modulation of masked priming effects
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we agree that transient attention might be essential to
observe nonconscious priming effects, we suggest that the
locus of these attentional effects is at an early, predomain-
specific stage of processing. Note that we do not include
learning effects in this discussion because the assumption
of autonomy of domain-specific processes only applies to
online processes. It must be the case that learning modifies
the structural and dynamical properties of processing
mechanisms at the second (or later) stages of information
processing [18].

Consciously set expectations and nonconscious
processing

A second line of findings that potentially challenges the
assumed autonomy of domain-specific processes involves
an interaction between consciously set expectations and
masked priming effects. In one well-known example,
Greenwald et al. [19] asked participants to categorize
two-digit target numbers as larger or smaller than 55.
Although these authors did not use overlapping prime
and target stimulus sets, the prime stimuli (e.g. 27 and
91) were constructed with the same digits as the target
stimuli (e.g. 72 and 19), but in reverse order (c.f. Exper-
iment 3 in ref [19]). The pattern of masked congruence
priming effects revealed that participants had learned
specific stimulus-response (S-R) mappings for each pair
of digits in the target stimuli but, importantly, the S-R
mappings had not encoded the order of the digits. For
example, Greenwald et al. [19] found that the prime 27
facilitated ‘larger than 55’ responses and the prime 91
facilitated ‘less than 55 responses. These paradoxical
results indicate that participants were able to apply

Top-down mechanism
Temporal attention
Naccache et al. (2002) [8]
Kiefer and Brendel (2006) [9]
Fabre et al. (2007) [50]
Spatial attention

Lachter et al. (2004) [10]
Besner et al. (2005) [11]
Marzouki et al. (2007) [12]
Task-induced strategies
Nakamura et al. (2006) [30]

Task and findings

Stimulus-induced strategies
Abrams and Greenwald (2000) [51]
being positive
Greenwald et al. (2003) [19]
responses
Damian (2001) [20]

Top-down mechanism

Spatial attention Task and findings

Findings demonstrating top-down modulation of nonconscious processing

Arabic numerals produce masked congruence priming only when temporally attended
Semantic priming, as indexed by the N400 component, is modulated by temporal attention
Priming by categorical, but not physically identical, prime stimuli is modulated by temporal attention

Only spatially attended letters [12] and letter strings [10,11] produce priming

Priming is mediated by distinct neural circuits, depending upon the task
Finkbeiner and Caramazza (in press) [48] The polarity of the masked congruence priming effect shifts as a function of the response modality

Positive targets (e.g. tulip, humor) led participants to treat masked negative primes (e.g. tumor) as
Consciously perceived targets (e.g. 72) cause masked primes (e.g. 27) to facilitate ‘larger than 55

In a size-judgment task, only primes in the target set produced masked priming effects
Findings needed to demonstrate top-down modulation of domain-specific processing

Task-induced strategies

In a masked priming experiment designed to index domain-specific processes (i.e. avoids stimulus-
induced strategies) and that manipulates spatial attention and stimulus quality (of the prime), a main
effect of stimulus quality would need to be obtained, with no modulation of the interaction between
attention and priming

Combine neuroimaging with the TMS study reported by Nakamura et al. [30]. First, use TMS to
determine which neural regions are crucial to observe masked priming in reading aloud and lexical
decision. Then use neuroimaging to show that repetition suppression (i.e. priming) is restricted to the
task-relevant regions (i.e. L-STG but not L-IPL in the lexical decision task)
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learned S-R mappings (e.g. the juxtaposition of the stimuli
‘7 and ‘2’ corresponded to a ‘larger than 55 response’) to the
processing of nonconsciously perceived information. Find-
ings similar to these have now been reported by several
researchers [20-23].

Although it is impressive that individuals are able to
apply learned S-R mappings to the processing of noncon-
sciously perceived information, these findings do not
necessarily challenge the assumption that domain-specific
processes are carried out autonomously (i.e. independently
of consciously set expectations). For example, Kunde et al.
[21] posit that findings such as these can be attributed to
learned or anticipated associations between low-level sen-
sory codes (e.g. visual features) and motor responses (i.e.
the second, domain-specific stage of processing is
bypassed). If this interpretation is correct, then it is
important to note that masked priming effects do not index
domain-specific processes in experiments that enable
learned S-R mappings, or that enable participants to
anticipate the prime stimuli on the basis of the encoun-
tered target stimuli. This is an important constraint to
keep in mind when designing masked priming experiments
to investigate domain-specific processes, but it is easily
circumvented.

In fact, the large majority of masked priming exper-
iments that have been reported in the literature do not
violate this constraint. Perhaps the most convincing in this
respect are the translation-priming experiments with
bilingual participants [24-27]. In these experiments,
participants are asked to perform a task (e.g. lexical
decision or semantic categorization) over target words
presented in one of their languages, and where the masked
primes are words from their other language. Because
participants are unaware of the bilingual nature of
the experiment, it is unlikely that they are able to anticip-
ate the prime stimuli, or even the language of the prime
stimuli. Yet masked translation-priming effects are robust
and have been influential in informing theories of bilingual
lexical representation and processing [27—29].

Can task demands modulate domain-specific
processes?

Given that domain-specific processing mechanisms have
classically been defined in terms of their autonomy (but see
Coltheart [7]), it follows that task demands should not
modulate processes at the second, domain-specific stage
of processing. Thus, for example, the mechanism that is
dedicated to the processing of printed text should become
engaged whenever printed text is encountered, regardless
of the particular experimental contexts. Evidence to the
contrary would stand in sharp contrast to the definitional
properties of domain-specific processing mechanisms, and
yet a recent report by Nakamura et al. [30] has been taken
to provide such evidence.

Nakamura et al. [30] used transcranial magnetic stimu-
lation (TMS) in a masked repetition priming experiment in
which participants either performed a lexical decision or a
reading aloud task. The primary finding from this study
was that TMS applied to the left superior temporal gyrus
(L-STG), but not to the left inferior parietal lobe (L-IPL),
disrupted masked repetition priming in the lexical decision
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task. By contrast, TMS applied to the L-IPL, but not the
L-STG, eliminated masked repetition priming in the read-
ing aloud task. This double dissociation is striking because
it indicates that different neural circuits mediate masked
repetition priming depending upon the task at hand.
Importantly for our purposes here, it has been suggested
on the basis of these findings that individuals are able to
use the task instructions to control which processing mech-
anisms become engaged by nonconsciously perceived
prime stimuli [31].

We offer a different account of these findings. First, it is
important to note that Nakamura et al. [30] observed
masked priming effects in the reading aloud task for both
words and non-words but only for words in the lexical
decision task. This pattern of priming across these two
tasks has often been observed and has been taken to mean
that priming in the reading aloud task is mediated by a
non-lexical route [32—-34], whereas priming in the lexical
decision task is mediated by a lexical route [35,36]. Second,
the notion that distinct neural circuits mediate lexical and
non-lexical processing routes is uncontroversial in the
cognitive neuropsychology literature [37—41]. Thus, we
suggest that the masked primes in the Nakamura et al.
study engaged both the lexical and non-lexical routes
simultaneously, regardless of the task demands. On this
possibility, task demands do not modulate the engagement
of domain-specific processing mechanisms but, rather,
determine whether subsequent response formulation pro-
cesses make use of the ‘outputs’ of those mechanisms. The
Nakamura et al. study is inconclusive with respect to the
possibility that their masked primes engaged behaviorally
relevant and nonrelevant processes because TMS only
reveals behaviorally relevant neural activity.

Can the autonomy of domain-specific processes be
falsified?

Although it is now clear that nonconsciously elicited pro-
cesses are modulated by top-down cognitive systems at
some stage of information processing, we have argued that
there is no compelling evidence (presently) to suggest that
this is also true of domain-specific processes. A concern
with our proposal is that it might be difficult to refute, and
so we offer here two straightforward tests.

First, in a behavioral priming experiment, say a letter
identification task in which the prime and target stimuli
always differ in case and visual similarity, one could
manipulate three factors: relatedness between prime
and target (e.g. a—A versus s—A), location of spatial atten-
tion and visual properties of the prime stimulus (e.g. its
size or contrast). Appealing to additive-factors logic [42], if
the interaction between transient attention and priming is
modulated by the stimulus quality, then it would follow
that the effect of transient attention arises at the earliest
‘pre-domain-specific’ stage of processing. If, however, the
interaction between transient attention and letter priming
is not modulated by stimulus quality, then it would be
reasonable to conclude that transient attention operates at
a later domain-specific level of processing.

Second, if it is found with neuroimaging techniques (e.g.
functional magnetic resonance imaging) that the manip-
ulation of transient attention modulates activity in brain



regions known to subserve domain-specific processes (e.g.
the anterior regions of the ‘visual word form area’ [43,44] or
the ‘fusiform face area’ [45]), but not early retinotopic
regions, then this would seem to demonstrate top-down
modulation of domain-specific processes.

Conclusion

Recent findings in the masked priming literature have
revealed a surprisingly rich interplay between higher-level
cognitive systems (i.e. attention) and the processing of non-
consciously perceived information. These findings are
important in cognitive science because they refute the lo-
ng-standing assumption that nonconscious processes are
elicited independently of higher-level cognitive systems
[5,6]. Because domain-specific processes and nonconscious
processes share overlapping definitional properties (e.g.
automatic and autonomous), these recent findings have
similarly been thought to refute the presumed autonomy
of domain-specific processes. We have suggested that the
evidence to date does not support this conclusion. To pre-
serve the autonomy of domain-specific processes, we have
suggested that the top-down modulatory effects on noncon-
scious processing arise either early in visual processing,
which we have termed ‘predomain specific’, or relatively
late in information processing (e.g. at a decision stage),
which we have termed ‘postdomain specific. In terms of
attention, our suggestion is consistent with a large body of
research that has localized the effects of transient attention
in the earliest stages of visual processing [13-16]. With
respect to the demonstrated effects of stimulus-induced
strategies on nonconscious processing, our suggestion is
consistent with a growing consensus in the literature which
holds that these effects represent learned associations be-
tween sensory codes and responses which effectively bypass
domain-specific processing [19-23].
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