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Unconscious cognitive processes are not automatic but ﬂexible in nature and are sensitive to conscious strategic and contextual inﬂuences. However, an unconscious stimulus itself cannot modify unconscious processing by exerting top-down
control. This double-prediction has been put forward by Dehaene and colleagues within their global neuronal workspace
theory (e.g. Dehaene, Changeux, Naccache, Sackur, & Sergent, 2006; Dehaene & Naccache, 2001). In a recent study (Van
den Bussche, Segers, & Reynvoet, in press) we afﬁrmed both predictions empirically: we ascertained that a conscious target
manipulation (the proportion of Arabic versus number word targets) could be used strategically by the subjects to enhance
task performance. Contrarily, the same manipulation applied to the unconscious primes did not induce this top-down effect.
Naccache (in press) remarked that with this asymmetry deﬁned and validated, additional issues are brought to the
surface.
A ﬁrst issue deals with the role of metacognitive processes. Despite the fact that unconscious processes cannot exert a
direct top-down inﬂuence, the possibility of them exercising an indirect top-down effect should be theoretically viable:
an unconscious manipulation could lead to consciously noticeable effects such as response conﬂict or response time slowing.
Once a subject becomes aware of this effect, he/she might be able to use this conscious representation to enhance his/her
performance, and thus the unconscious manipulation could exert an indirect effect. Naccache (in press) indicates that this
kind of indirect effect is possible, but has not yet been demonstrated. However, we feel that there is already some indirect
evidence present in favor of this claim. A ﬁrst observation that can possibly be interpreted as the effect of an unconscious
prime exerting an indirect inﬂuence is our own unexpected observation (Van den Bussche et al., in press) that the congruency effect for a certain target notation (Arabic numbers or number words) is more prominent if the proportion of primes in
that notation was large as opposed to when the proportion of primes in that notation was small. At ﬁrst sight, this seems to
indicate that an unconscious prime manipulation might exert a direct top-down impact, contrary to the double-prediction.
However, when taking a closer look, a more probable explanation lies in the fact that this prime manipulation had an indirect
inﬂuence. To illustrate this with an example: when subjects receive a digit prime on 75% of the trials, these digit primes will
be unconsciously categorized more often and hence receive an advantage: the brain will learn (unconsciously) to process
digits faster. This faster processing of digits will evidently also transfer to digit targets, which will consequently evoke faster
responses. At this point subjects might consciously notice this response time facilitation for digit targets and sense that they
can enhance their performance by especially focusing on these targets. Consequently, congruency effects will enlarge for trials with digit targets: when subjects receive a congruent digit–digit trial (e.g. 2–1), these trials will receive a double facilitation because the primes do not only lead to the same response as the targets, but the digit targets are also responded to
faster. On incongruent digit–digit trials (e.g. 2–9) the digit targets are still responded to faster, but this facilitative effect is
neutralized by the opposite responses that are required for prime and target. Taken together, reaction times on congruent
trials will be especially fast, while reaction times on incongruent trials will still be slowed down, leading to an enhanced
congruency effect for digit targets when 75% of the presented primes were digits. The same line of reasoning can be applied
to number word–digit trials (e.g. two–1) when 75% number word primes are presented. Thus, completely in line with the
suggestion of Naccache, it seems plausible that the unconscious prime manipulation indirectly induced a conscious strategic
top-down effect.
An even clearer observation supporting the suggestion of Naccache that an unconscious process can exert an indirect
effect, can be found in the large body of data accumulated by Bodner and colleagues (e.g. Bodner & Dypvik, 2005; Bodner
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& Masson, 2001, 2003). They observed the phenomenon that masked priming effects are magniﬁed in a block containing a
high proportion of trials with valid (e.g. congruent, related or repetition) primes relative to a block containing a high proportion of trials with invalid (e.g. incongruent or unrelated) primes. This prime-validity effect again seems to suggest that subjects are able to strategically use an unconscious prime manipulation directly to improve their performance, which would
contradict the claim that unconscious processes are unable to evoke a top-down inﬂuence. However, an alternative explanation based on the ASE model (Mozer, Kinoshita, & Davis, 2004) can be provided for this phenomenon. The ASE model explains the ﬁnding that the same item is responded to faster when followed by a series of easy items than when followed by a
series of difﬁcult items (e.g. Rastle, Kinoshita, Lupker, & Coltheart, 2003) and it can also be used to explain the prime-validity
effect (Kinoshita, Forster, & Mozer, 2008). The crucial claim of the ASE model is that the prime-validity effect is not critically
dependent on the manipulation of the validity (or usefulness) of the masked primes within a block of trials, but rather on the
proportion of easy and difﬁcult trials within a block. More speciﬁcally, the prime-validity effect reﬂects an interaction between item difﬁculty and difﬁculty of task environment. The ‘‘difﬁculty” is deﬁned as the rate at which evidence in favor
of the correct response accumulates: the evidence for the correct response in an invalid trial builds up more slowly than
the evidence for the correct response in a valid trial. What makes the environment easy is irrelevant and therefore not
depending on the prime validity: the prime-validity effect is still observed when manipulating the proportion of easy neutral
items, even though the proportion of valid primes was constant in the ‘‘easy” and ‘‘difﬁcult” blocks. Thus, the prime-validity
effect does not originate from the proportion of useful versus useless primes in the high and low proportion blocks, but from
the proportion of easy versus difﬁcult primes in these blocks. This also indicates that subjects do not strategically use the
prime manipulation in a direct way, but rather in an indirect manner. A condition with 20% congruent (i.e. easy) trials
and 80% incongruent (i.e. difﬁcult) trials could lead to a consciously noticeable response conﬂict: the subject could get
the impression that he/she always tends to give the wrong answer. Once a subject is consciously aware of this, he/she could
use this to his/her advantage: he/she could decide to completely ignore the stimulation before and during the prime and
focus on the target exclusively. Therefore, in such a condition with only 20% congruent trials, the priming effects would
be strongly reduced as compared to a condition with 80% congruent prime-target pairs.
These two demonstrations indicate that, while an unconscious manipulation is unlikely to directly inﬂuence processing
through top-down control, it can indirectly induce a conscious strategic top-down effect. However, this ﬁrst evidence is indirect and we agree with Naccache (in press) that this issue calls for further direct exploration. Visualizing the underlying neural mechanisms of such observations can be of the utmost importance.
A second issue raised by Naccache (in press) addresses the increasing interest in the interaction between consciousness
and cognitive control: for instance, do we need consciousness to inhibit an action? Several studies have shown that unconscious primes can lead to exogenous motor inhibition (e.g. Eimer & Schlaghecken, 1998). However, it has been claimed that
endogenous inhibition (for instance, inhibition which is initiated once a stop or no-go signal has been recognized) can only
be initiated with conscious awareness. Eimer and Schlaghecken (2003) for example argued that since endogenous inhibition
depends on the conscious detection of task-relevant signals, it is not available when stimuli are presented subliminally.
However, very recently (Hughes, 2008, see also Hughes, Velmans, & De Fockert, 2005) demonstrated in a series of EEG studies that the frontal N2 component, an ERP component associated with inhibition, was modulated by a subliminal prime. Subjects were instructed to press a button following a go stimulus, and to withhold their response following a no-go stimulus.
This go/no-go task elicited an early no-go N2 with a frontal topography, which varied as a function of the subliminal primes.
This indicates that subjects were successful in unconsciously inhibiting a response. Thus, according to this recent study,
endogenous motor inhibition can also be initiated unconsciously. This and other studies (e.g. van Gaal, Ridderinkhof, van
den Wildenberg, & Lamme, 2007) show that we are only at the verge of grasping the dynamics between consciousness
and cognitive control. What are the possibilities and limits of cognitive control in unconscious processing? Naccache (in
press) justiﬁably points at the necessity of further exploring this issue. We can even go one step further, and wonder what
the role of spatial and/or temporal attention is in this context. We already mentioned that some studies have examined the
interaction between consciousness and cognitive control, and others have looked at the interaction between consciousness
and attention (e.g. Dehaene et al., 2006). However, how these three fundamental concepts interact with one another remains
open for inquiry.
We can conclude that Naccache raised two important additional issues concerning the asymmetry between top-down
effects and unconscious cognition raised by our study (Van den Bussche et al., in press). Both have received some attention
very recently. However, we fully agree that these issues require further research. Our imagination has now been aroused,
erasing the ﬁnal limiting factor, now let us address these issues!
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