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1. Varieties of attention and their relationship to phenomenal

consciousness and cognitive access

We appreciate the comments made by Montemayor and Haladjian (M&H) and
take this opportunity to clarify several points that may not have been explicit
in our original article [1]. First, M&H argue that recurrent processing theory
(RPT) is committed to the double dissociation view which hypothesizes that con-
scious content can be experienced without any attentional selection. While it is
certainly true that some of the main advocates of RPT are committed to the
double dissociation view, RPT, at its core, requires no such commitment. In
describing an early formulation of RPT, Lamme [2, p. 497] stated, “‘What seems
necessary for conscious experience is that neurons in visual areas engage in so-
called recurrent (or re-entrant or resonant) processing where high- and low-
level areas interact.” In a more recent, updated version of RPT, only certain
types of recurrent processing are proposed to be linked with conscious
experience, e.g. those that involve a spatio-temporal extension, create super-posi-
tioned representations and lead to synaptic plasticity and learning [3]. None of
these definitions of RPT contain a fundamental requirement of a double dis-
sociation between attention and consciousness. It was only in the refutation of
evidence against RPT (e.g. neural correlates of recurrent processing were
observed during inattentional blindness) that such a link was formed between
the theory itself and the double dissociation view [2]. This apparent counterevi-
dence, however, does not necessitate such a link, as it can be accommodated in
the updated formulation of RPT [3]. For example, some types of recurrent proces-
sing may occur during inattention, while the key types that are necessary for
conscious perception may not. Therefore, RPT does not in fact mandate a
mutual independence of (all types of) attention and consciousness.

Second, attention does not necessarily lead to cognitive access. We outlined
this point on page 3 of our original paper [1], and M&H have written extensively
in agreement [4]. The currently accepted broad definition of attention is a set of
mechanisms that bias (select) a subset of information for further processing. It should
be emphasized that further processing is not synonymous with cognitive access.
For example, attentional modulations have been repeatedly observed to occur
at 70-100 ms after stimulus onset in early visual areas V4 and MT in both
humans [5-7] and non-human primates [8—11]. These attention effects indicate
that low-level selection processes lead to further processing in these cortical
areas, but it is not clear that such early visual processing is necessarily involved
in (or leads to) cognitive access. Accordingly, we disagree with M&H's definition
of attention provided in their comment as, ‘selective processing of information
that provides access to contents [4]'. We are confused by this definition as it
seems to contradict the excellent review of the varieties of attention by the
same authors, including what they call ‘low-level attention” [4]. Perhaps instead
of providing access of contents to cognitive systems, M&H’s definition includes
providing low-level areas in sensory hierarchies access to contents from even ear-
lier stages? If so, we would agree, but would still conclude that such attentional
modulations are not equivalent to cognitive access.

A third comment by M&H pertains to the distinction between phenomenal
consciousness and cognitive access. Phenomenal consciousness has been defined
as raw subjective experience, or what it is like to perceive, think or feel [12]. Cognitive
access, on the other hand, refers to a stage in which these more basic phenomenal
experiences are made available to cognitive systems such as those involved in
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memory, language, decision-making and action (including
verbal and manual reporting of what one has consciously
experienced). Contemporary theories of consciousness are
generally aimed at explaining the neural basis of phenomenal
consciousness [3,13,14]. Global neuronal workspace theory
(GNWT) posits that phenomenal experience occurs when infor-
mation is globally broadcasted within a dedicated network of
‘workspace neurons’, whose function is to share information
between various sensory, cognitive, affective and motor sys-
tems [15]. Thus, for GNWT, phenomenal consciousness and
cognitive access are closely related, if not identical [16]. Compet-
ing theories, such as RPT, propose a separation between
phenomenal consciousness and cognitive access [3]. For RPT,
the phenomenal experience is possible in the absence of cogni-
tive access, and thus in the absence of the one or more
attentional mechanisms that directly enables cognitive access.
M&H take the position that some phenomenal experiences
can occur in the absence of (all types of) attention. By contrast,
our main point here is that many other attentional mechanisms
exist, besides those involved in cognitive access (as is pointed
out in H&M'’s scholarly 2015 review [4]), and our working
hypothesis, based on current evidence, is that one or more of
these attentional processes may be necessary for and closely
linked with phenomenal consciousness.

H&M [4] seem to agree with many aspects of our propo-
sal. For example, we agree that attention and consciousness
are separate processes that can be dissociated. H&M come
to this conclusion based on evolutionary arguments, while
we base our views on empirical research on visual attention
and conscious perception. We also agree that some varieties
of attention interact with consciousness, i.e. there is not a
complete, double dissociation. H&M focus on the ‘overlap’
between attention and consciousness and propose a new
term, ‘conscious attention’, to refer to this overlap. This is
where our current hypothesis differs. Instead of proposing
an interactive overlap that produces a third entity which
requires new definitions and adds additional complexity to
an already complicated topic, we focus on the potential
causal interaction between known varieties of attention and
phenomenal consciousness. Our working hypothesis is that
some type(s) of attention may be necessary for phenomenal
consciousness. H&M appear to waver on this issue, at times
proposing that phenomenal consciousness can occur in the
absence of attention, ‘One can experience pain and pleasure
without having any attention-driven process of selecting
information and accessing contents’ [4, p. 608]. While at

other times (later on the same page) apparently contradicting n

this statement, ‘For example, what it is like to experience
pain, and not simply respond to signals from pain receptors
without the subjective experience, needs to be associated with
the functional aspects of selective and cross-modal attention
that are necessary to produce pain experiences’ [4, p. 608].
We agree with their latter statement. While painful stimuli
are highly salient, therefore capturing bottom-up attention
and almost always leading to a conscious experience of
pain, there are rare situations in which painful stimuli are
not consciously experienced. For example, when athletes are
injured during important competitions, they often report
not consciously experiencing the pain because their attention
was so focused on the task at hand (e.g. winning the match),
and only later consciously experience the pain when their
attentional resources are freed up.

Finally, we agree with M&H that it is problematic to
achieve a situation that guarantees ‘zero attention’ is being
paid to a particular stimulus. In our formulation, zero attention
should be viewed as an idealized endpoint of a continuum, but
in practice, it is difficult to distinguish a zero from a very mini-
mal allocation. Experimentally, attentional allocation to a
stimulus can be graded, for example, by varying the difficulty
of the competing task in an inattentional blindness paradigm
[17]. Behavioural and physiological measures of stimulus pro-
cessing can assess the degree of attentional allocation to it [18].
In principle, a zero allocation of attention to a stimulus could be
achieved either by a complete withdrawal of attention from it
or an active suppression of its processing owing to a focusing
of attention elsewhere. These two mechanisms would be diffi-
cult to distinguish experimentally unless an appropriate
baseline condition is included for comparison. Here, we
agree with M&H that designing experiments which can differ-
entiate between various forms of zero/minimal attention and
assess their relationship with conscious perception is a topic
ripe for future research.

To summarize, we argue that attention and consciousness
are clearly dissociable, but not fully (doubly) dissociated, as
there is currently a lack of evidence for conscious experience
in the absence of (all types of) attention. If our working
hypothesis is on the right track, i.e. that some variety of atten-
tion is necessary for phenomenal consciousness, investigating
this relationship in more detail could provide important clues
for understanding the neural basis of consciousness. Here, it
seems, we wholeheartedly agree with M&H, as they conclude,
“The task now is to examine this relationship” [4, p. 609].
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