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Abstract
Some have claimed that identity crowding offers a case of conscious perception of an object to which we
are unable to pay attention. Opponents of this view offer alternative explanations, which emphasise the
importance of prior knowledge, amongst other factors. We review new empirical evidence showing that
prior knowledge has a profound effect on identity crowding. We argue that this is problematic for the
‘conscious seeing without attention’ view, and supports an opposing view.
1. Identity crowding
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Figure 1. The top is the non-crowded case, the middle is ‘normal’ crowding and on the bottom is identity crowding.

If you fixate your gaze at the top ‘+’ in figure 1, you will probably find it easy to discern the letter on the
right. Now fixate the middle ‘+’. You will find it harder to identify the middle letter on the right. This is
crowding: when an item in peripheral vision is flanked by other items, it becomes harder to identify. Identity
crowding occurs when the target (the middle letter) and the flankers (the outer letters) are identical (bottom
row). Ned Block has claimed that, in identity crowding, the target is consciously seen, but that it escapes
attention (Block 2012).1

1

Though he allows that there may be spatial attention to the region (2012).
This is the peer reviewed version of the following article: Taylor, H. and Sayim B. (forthcoming) Redundancy
Masking and the Identity Crowding Debate. Thought, which has been published in final form at [DOI
unavailable at time of upload]. This article may be used for non-commercial purposes in accordance with
Wiley Terms and Conditions for Use of Self-Archived Versions.

1

Henry Taylor and Bilge Sayim
Block’s argument for the claim that we consciously see the target is that we are able to detect it,
differentiate it from the background, discriminate it, identify it, and have demonstrative thoughts about it,
and thus ‘it is difficult to see a rationale for denying that one can consciously see it’ (Block 2012, p.175 and
p.177). This argument will be our focus.
Block draws on an operationalist definition of attention (Cavanagh, He and Intriligator (1999)) in order
to argue that the middle letter is unattended. Assessment of this claim would require a thorough evaluation
of this definition of attention. We do not have space for this, and so we will grant this claim for the sake of
argument (Prettyman 2018; Taylor and Sayim 2018, p.22, Taylor 2018). We also won’t discuss Block’s
appeals to summary statistics (Block 2013), his claims about natural kinds (Block 2012, 2013), or his appeals
to Freeman and Pelli (2007). These arguments have been extensively discussed elsewhere (Richards 2016,
Taylor and Sayim 2018).
2. Prior knowledge and the hybrid view
Taylor and Sayim (2018) propose a view on which we consciously see the group as a whole, but do not
consciously see the target (they grant that subjects cannot attend the target). The view then cites a variety
of factors, which are jointly sufficient to explain subjects’ (apparent) abilities to discriminate, differentiate,
identify and have thoughts about the middle letter. Call this the hybrid view. The factors include:
i)

Flanker substitution: subjects mistake a flanker for the target, which goes unnoticed because
the flankers are the same as the target.

ii)

Macroscopic properties of the group as a whole: the appearance of the whole group as a
repeating regular pattern, indicates that there was more than a single letter there and allows
subjects to infer that all of the letters are the same (Taylor 2013).

iii)

Prior knowledge.

The purpose of this paper is not to analyse (i) and (ii), as the new data pertain to (iii) (for more on (i)
and (ii), see Taylor and Sayim, 2018). To understand the significance of prior knowledge in the identity
crowding debate, consider that when the stimuli are presented as they are in figure 1 (and in Block’s original
paper) observers can (and usually will) look directly at the stimuli, and gain knowledge of what is there,
which is prior to the judgements they make when fixating the +. In such a case, the ability to identify,
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discriminate, differentiate and think about the target does not imply that subjects could consciously see it.
It may be that these abilities just reflect the fact that they have looked directly at it (and lack introspective
capability to notice that while the stimulus looks like Ts, the actual number of Ts is less clear, see footnote
2).
Similar prior knowledge problems can also occur in experimental contexts. Telling you to identify the
middle letter will inform you that there is a middle letter, from which you can infer that there are at least
three items. Certain responses will then not be available to subjects. If you are told to identify the central
letter, you are unlikely to reply with ‘there are only two letters there’. Again, subjects’ abilities to identify
(discriminate, differentiate, think about) the target may then be based on - or biased by - this knowledge.
The hybrid view makes several empirically testable predictions. One is that when prior knowledge is
eliminated, subjects will find it more difficult to identify, discriminate, differentiate and have thoughts about
the middle letter. Below, we recount an experiment that did control for prior knowledge (Sayim and Taylor
2019). The data show that prior knowledge contributes very strongly to subjects’ abilities in identity
crowding. We argue that this is a problem for Block’s claim that there is conscious seeing without attention
in identity crowding. Specifically, we will argue that there is no reason to postulate conscious seeing without
attention in these cases. We further argue that, since the hybrid view predicts this effect, the occurrence of
the effect supports that view. We do not claim that the prior knowledge effects revealed in this paper are
sufficient to constitute a response to Block on their own. As already indicated, prior knowledge functions
only as part of the hybrid view.
3. The mystery of the missing letter
3.1 The study
First, a standard crowding experiment was performed that was subject to prior knowledge problems. In
one condition, subjects were exposed to normal crowded stimuli (XTX). In the other, to identity crowded
stimuli (TTT). Both sets of stimuli were embedded in blocks with numerous other sets of letters to avoid
awareness of obvious repetitions. Subjects were informed that there were three letters there, and asked to
report the middle one. In experiment one, subjects were much better in the identity crowded condition
(94% correct) as opposed to the normal crowded condition (46% correct). Of course, this is predicted by
the hybrid view, given prior knowledge problems.
3
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In a second experiment, gaze-contingent presentation was used. This technique uses an eye-tracker to
record where the subjects are focussing their eyes. The stimuli only appeared when subjects were directly
looking at the fixation point (similar to the ‘+’ on the left in figure 1). If subjects’ eyes deviated from the
fixation point, the stimuli were immediately removed from the screen before an eye movement to the
stimulus could be completed. So it was impossible for subjects to focus their eyes directly on the stimuli.
This eliminates the first element of the worry about prior knowledge (that subjects may look at the stimuli).
Furthermore, the experimenter instructions were designed to give subjects as little information as possible.
Subjects were asked to freely report and draw what they saw (for a similar drawing paradigm, see Coates,
Wagemans, & Sayim, 2017; Sayim & Wagemans 2017; Sayim, Myin, Van Uytven, 2015). In this way, subjects
were given no hints about the kind or number of items there would be. This eliminates the second element
of the prior knowledge worry (that task instructions may give away information).
Experiment two also had two conditions, one involving normal crowding, and the other involving
identity crowding, with the same XTX and TTT stimuli as in the first experiment (the participants in the
two experiments were different). When these constraints were put in place to eliminate prior knowledge,
performance in the identity crowding condition plummeted, from 94% correct in experiment one to 44%
in experiment two. All of the errors in the identity crowding case were caused by subjects mistaking the
three items for two. That is, the errors came from mistaking ‘TTT’ for ‘TT’. This effect was observed both
in the free verbal report measure as well as the drawings (experiments in which participants indicated the
perceived location of and distance between the presented items suggest that the middle rather than one of
the outer items goes missing in identity crowding, Yildirim, Coates, & Sayim, 2019). Sayim and Taylor
(2019) refer to this mistake as ‘redundancy masking’ – a repeating, “redundant” item could not be reported
because it was “masked” by the flankers (Yilidrim, Coates and Sayim in press). Clearly, the data demonstrate
that prior knowledge has a profound effect on performance in identity crowding, precisely as the hybrid
view predicts.
We may ask what the subjects were attending in experiment two. The presentation times were as long as
the subjects wanted, so they were free to attend whatever they could, including the group of letters as a
whole, one or both of the flankers, and any part of these individual letters. However, for the sake of
argument, we will can grant Block’s claim that the target letter itself was unattended (Block 2012).
4
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In the redundancy masking condition of this experiment, only the letter T was used, but data from
subsequent experiments demonstrates that redundancy masking also occurs with other shapes, such as lines
(Yildirim, Coates, and Sayim, in press), and more complex letters, indicating that it is not an effect unique
to T’s.
A third experiment by Sayim and Taylor provides some insight into the high success rate in experiment
one (where subjects were asked to identify the middle letter, and so had prior knowledge of the number of
letters present). In the third experiment, subjects were given printouts of drawings, clearly depicting two
letter T’s, and allowed to look directly at them. They were asked what the (hypothetical) middle letter was,
and if not sure, to take their best guess. A large majority of subjects reported (‘guessed’) ‘T’ even though
they knew that there was no middle letter, and their phenomenology would have been of two T’s. This
supplies us with additional reason to be highly sceptical of taking the fact that subjects can apparently
‘identify’ (discriminate, differentiate…) a middle letter, and inferring that that their phenomenology
contained three letters. After all, subjects will report a third letter even when we know that their
phenomenology only represents two!
3.2 Interpreting the results
We must distinguish our interpretation of experiment two from its application to Block’s original case. Take
the experiment first. Clearly, the 66% of subjects who only reported two T’s could not discriminate,
differentiate, identify and have thoughts about the middle letter. So there is no reason to think they could
consciously see the target. What about the 44% of times that the subjects correctly drew three T’s? Could
Block claim that in those cases the target was consciously seen? We do not claim that this view is inconsistent
with the data. Of course it is possible that the subjects were consciously seeing the target. Rather, we claim
that we do not have to accept it, as other explanations are available. For one thing, it is extremely difficult
to plausibly make this case in the face of such a high error rate.2
Furthermore, prior knowledge is only one part of the hybrid view. Another element is macroscopic
properties of the group (and flanker substitution). This aspect of Taylor and Sayim’s hybrid view can
adequately explain the 44% correct judgements of the participants. That is, it may be that in some cases
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subjects attended to the group itself, and were able to tell that the group was relatively congruous and
uniform containing a repeating pattern. From this (and from the fact that they can consciously see at least
one of the flankers) they can infer that any middle letter would be the same as the letter(s) that they can
discern, have thoughts about it, and note that it is different from the background.3 This would then
underpin their apparent ability to discern, discriminate, identify and have thoughts about the middle letter.
We do not have to accept that the target was consciously seen, even in cases where subjects correctly
reported three T’s.
We must lay aside another important issue now. Note that in experiment two, performance increased in
the normal crowding condition (up to 88%). This is probably because of the increased exposure time
compared to traditional crowding experiments, allowing a lot of time for examination of the stimuli. This
high performance in the case of normal crowding raises important questions for the debate. Do we have
good reason to think that the target was consciously seen? Did the target still escape attention, or did the
increased exposure time allowed attention to ‘grab’ the target item (in order for the ‘conscious seeing
without attention’ interpretation to hold up, this possibility would have to be excluded). These questions
are important, but they will have to wait for future work, as this paper’s focus is on identity crowding. One
thing is for sure, however: the correctness rate in identity crowding is much lower than in the normal
crowding case. This fits poorly with the widespread assumption that identity crowding functions as a better
argument for conscious seeing without attention than normal crowding.
4. Applying the results to the original case.
That concludes our interpretation of the experiment. How do these results apply to Block’s original,
informally presented case (2012)? This case is based on subjects’ abilities to discriminate, differentiate,
correctly identify and have demonstrative thoughts about the target. In this case, prior knowledge effects
are clearly present. We now know that prior knowledge dramatically increases subjects’ (apparent) success
in cases of identity crowding. From this, we can infer that it is highly likely that a large part of the apparent
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ability to identify, discriminate, differentiate and think about the central letter in Block’s original 2012 paper
can be explained in terms of prior knowledge, rather than conscious perception of the target.
Again, this is not to say that other factors (like grouping or congruity effects) do not also play a role.
The hybrid view would say that subjects have prior knowledge of the target, and the overall congruous
appearance of the stimuli, or mistaking one of the flankers for the middle letter, serve to confirm this prior
knowledge. They may then use a combination of this information to judge that there is a middle letter and
also to identify it. This constitutes an adequate explanation of our apparent ability to identify, discriminate
and differentiate the middle letter in Block’s original (2012) case.
What about the claim that we have demonstrative thoughts about the middle letter (Block 2012,
p.177)? On the hybrid view, subjects infer the presence of a middle letter (in the way explained above) and
this information forms the basis of their ability to have thoughts about it (Taylor 2013). An opponent could
object that thoughts based on inference do not count as demonstrative, because they are not based on singling
out the item in conscious vision. However, we simply deny that we have demonstrative thoughts about the
middle letter in this sense. We are entitled to conclude that we are able to have thoughts about the middle
letter, which is something that the hybrid view can explain. We are not entitled to claim that these thoughts
are demonstrative in the sense of being based on conscious singling out of the item in vision (indeed, to
assume this would be to beg the question in favour of Block’s interpretation, as it assumes that the middle
letter features in consciousness).
We can also draw a much more general lesson. In the original 2012 case, all of the information subjects
need for the abilities in question is already available to the subject through prior knowledge. Ultimately,
whenever prior knowledge is present to such a strong degree, we cannot ever be confident drawing
conclusions about conscious seeing from subjects’ apparent abilities.
An opponent may reply that, in Block’s 2012 paper, subjects’ prior knowledge helps them to consciously
see the target.4 That is, while they are attending the + on the left, they can use the prior knowledge to
construct a conscious perception of the middle letter, either directly (though cognitive penetration), or by
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altering patterns of attention to the stimuli, which in turn has an impact on the phenomenology of
perception (Pylyshyn 1999, Firestone and Scholl 2015). In response, we do not claim that the experiments
prove that subjects did not consciously see the middle letter in Block’s cases. Our claim is rather that we do
not have good reason to think that they consciously see it, because all of the abilities in question can be
accounted for in other terms. Unless we have additional reason to believe that prior knowledge is affecting
subjects in this way, then the conscious seeing without attention view will not be established.
An opponent may appeal directly to introspection, claiming that when we introspect our experience,
we find that we can discern, differentiate, identify and have demonstrative thoughts about the target, in a
way that is clearly based on conscious perception of it.5 The problem with this suggestion is that in this
debate, the phenomenology is simply too controversial to be appealed to in this way. Whether the
phenomenology includes the middle letter is precisely what is at issue. The results of our introspection may
be theory-laden (and hence untrustworthy). Furthermore, the result of such an argument would most likely
be dialectical deadlock over the deliverances of introspection. This is not a promising route.
5. Other views.
Here we briefly review the relevance of the results for three other positions in the debate.
5.1 Michael Tye
Tye mentions prior knowledge problems, suggesting that if you are ‘primed’ to see three letters, then that
is what you will report (2014, p.157). This is precisely what was found in the experiment recounted above.
The results are less congenial to other aspects of Tye’s view, though. He claims that with identity crowding,
we have a conscious experience of two T’s, not three (2014, p.156). Returning to experiment 2, this may be
a plausible explanation of the 66% of cases where subjects reported two T’s, but it struggles to explain the
44% of correct responses. If subjects simply saw two T’s, they would have drawn two T’s, not three. This
does not show that his view is false, just incomplete (he could of course invoke some of the factors that
the hybrid view uses to explain the 44% of correct guesses, but we leave it to Tye to modify his position).
Tye’s argument for his view is also problematic. He recommends fixating on the three letters, then
switching your fixation point to the ‘+’ on the left. He claims that when you do this, one of the letters

5

Thanks to an anonymous referee for this. Block may be interpreted as expressing something like this when he
emphasises that our abilities with relation to the identity crowded stimuli are conscious abilities (2012, p.175).
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simply disappears from your consciousness. The problem is that being asked to focus on the letters and
then switch our gaze to the ‘+’ ensures that you will have prior knowledge of the stimuli (Block 2014 also
criticises Tye’s method). This immediately raises the familiar difficulty of disentangling prior knowledge
from conscious seeing. Therefore, the method is not trustworthy.
5.2 Bradley Richards and Adrienne Prettyman
Richards suggests that we unconsciously see the central letter, and this triggers a conscious thought about its
identity (2013, 2016). Prettyman (2018) claims that we can see all of the letters in the stimuli, and that we
don’t see the target as an object in its own right, but as a local part of a global object. This global object is
itself attended. The new data demonstrate a lacuna in both Richards’ and Prettyman’s view. Neither of them
give prior knowledge a prominent role in their accounts. Since we now know that prior knowledge is such
an important factor in explaining identity crowding, these views will be obliged to incorporate these effects
in their explanations.
Here it is worth raising a more direct issue with Prettyman’s view. The extent to which perceiving the
target as part of a global object (that is, the extent to which grouping of the parts into larger wholes), plays
a role in crowding has been the topic of a large number of studies (Banks & White, 1984; Overvliet &
Sayim, 2015; Manassi et al., 2012, 2013; Prinzmetal & Banks, 1977; Saarela et al. 2009; Sayim & Cavanagh,
2013; Sayim et al. 2008, 2010, 2011, 2014; Taylor and Sayim 2018). Prettyman argues that the target is seen
as part of a global object, and that we consciously see the middle letter as part of this global object. But this
sits uncomfortably with the fact that strong target-flanker grouping into a global object decreases subjects’
abilities to identify the target item (see Herzog et al., 2015 for a review; but see Melnik, Coates, & Sayim,
2018, 2020; Rummens & Sayim, 2019). So if the target is indeed grouping strongly into a global object with
the flankers, we would actually have less reason to think that the target is consciously seen.
6. Conclusion
We have reviewed evidence that prior knowledge has a dramatic effect on performance in identity crowding,
which is vividly illustrated through the redundancy masking effect. This supports views (such as the hybrid
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view) which invoke prior knowledge in their explanations, and are problematic for views that claim we
consciously see the target item.6
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