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A central controversy in consciousness
science concerns whether the neural
correlates of consciousness (NCCs) exclu-
sively reside posterior to the central sulcus
or also include frontal regions [1–4]. In a
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and targets (e.g., androgyny; [14]). How-
ever, much of the work to date is explor-
atory and raises further questions about
when and why people have less favorable
attitudes toward gender diverse people as
well as the downstream implications of
these beliefs on the lives of gender minori-
ties. We see a clear opportunity for more
work in these areas, particularly with
larger, well-powered studies to under-
stand the causal mechanisms behind
attitudes toward and beliefs about gender
diverse people.

Concluding Remarks and Future
Directions
A broad goal of cognitive science is to
advance fundamental knowledge about
human cognition and to generate theories
about how humans perceive and concep-
tualize the world. Yet, in order
to accurately do so, it is important to
capture the full range of variation in
human experience. Until recently, the
focus of most studies of gender identity
and gender roles was on the experiences
of cisgender people. The resulting theories
failed to account for the experiences of
individuals who are transgender, nonbi-
nary, or otherwise do not reside within dis-
crete gender categories. Thus, a newer
movement toward documenting basic de-
scriptive information – such as how trans-
gender and nonbinary people identify
their gender – is an important first step to
eventually developing more inclusive and
up-to-date models about identity, catego-
rization, and the mental representation of
gender. In this process we encourage the
increased inclusion of gender diverse peo-
ple not only as participants, but as
researchers.

In addition to advancing theory, research on
human gender diversity is likely to lead to
more applied contexts and policy prescrip-
tions. For example, we can begin to investi-
gate when and why transgender and
nonbinary people of color experience dispro-
portionate rates of discrimination and
violence in their everyday lives [5] and inter-
vene upon both the individual and structural
factors contributing to these disparities. Fur-
thermore, it is important to examine the im-
pact of state and federal legislation on the
health of gender-diverse people [15]. In the
USA for example, state laws prohibit many
gender-diverse people from using public
restrooms that alignwith their gender identity.
Future research should examine if these so-
cial environments contribute to negative
health outcomes and heightened rates of
mistreatment for gender diverse people.

Ultimately, our hope is that the work sum-
marized here, as well as the future work in
this area, can simultaneously enhance our
understanding of gender diversity, lead to
the development of better measures,
inform our understanding of the mecha-
nisms underlying prejudice and discrimi-
nation, and ultimately improve the lives of
gender diverse people and their loved
ones. We expect the findings of the last
5 years to be only the tip of a much larger
iceberg in which our understandings of
gender and related constructs continue
to expand and improve.
Acknowledgments
We would like to thank Zach Schudson, Will Beischel,

and Selin Gülgöz for their comments on previous drafts

of this paper.

Supplementary Information
Supplementary information associated with this article

can be found online https://doi.org/10.1016/j.tics.

2019.12.011.

1Department of Psychology, University of Washington, Seattle,
WA 98105, USA
2These authors contributed equally.

*Correspondence:
jdrubin@uw.edu (J.D. Rubin).

https://doi.org/10.1016/j.tics.2019.12.011

© 2019 Elsevier Ltd. All rights reserved.

References
1. Wilson, B.D.M. et al. (2017) Characteristics and Mental

health of Gender Nonconforming Adolescents in California:
Findings from the 2015–2016 California Health Interview
Survey, The Williams Institute and UCLA Center for Health
Policy Research
Trend
2. Perez-Brumer, A. et al. (2017) Prevalence and correlates
of suicidal ideation among transgender youth in California:
findings from a representative, population-based sample
of high school students. J. Am. Acad. Child Adolesc.
Psychiatry 56, 739–746

3. Rider, G.N. et al. (2018) Health and care utilization of
transgender and gender nonconforming youth: a
population-based study. Pediatrics 141, e20171683

4. Halberstam, J. (1998) Transgender Butch: Butch/FTM
Border wars and the masculine continuum. GLQ
J. Lesbian Gay Stud. 4, 287–310

5. James, S. et al. (2016) The Report of the 2015 US Trans-
gender Survey, National Center for Transgender Equality

6. Gülgöz, S. et al. (2019) Similarity in transgender and
cisgender children’s gender development. Proc. Natl.
Acad. Sci. U. S. A. 116, 24480–24485

7. Tate, C.C. et al. (2013) A two-question method for
assessing gender categories in the social and medical sci-
ences. J. Sex Res. 50, 767–776

8. Martin, C.L. et al. (2017) A dual identity approach for con-
ceptualizing and measuring children’s gender identity.
Child Dev. 88, 167–182

9. Morgenroth, T. and Ryan, M.K. The effects of gender
trouble: an integrative theoretical framework of the
perpetuation and disruption of the gender/sex binary.
Perspect. Psychol. Sci. (in press)

10. Flores, A.R. et al. (2016) Public Support for Transgender
Rights: A Twenty-three Country Survey, Williams Institute,
UCLA School of Law

11. Barbir, L.A. et al. (2017) Friendship, attitudes, and behavioral
intentions of cisgender heterosexuals toward transgender in-
dividuals. J. Gay Lesbian Ment. Health 21, 154–170

12. Broockman, D. and Kalla, J. (2016) Durably reducing
transphobia: a field experiment on door-to-door canvas-
sing. Science 352, 220–224

13. Harrison, B.F. and Michelson, M.R. (2019) Gender, mas-
culinity threat, and support for transgender rights: an ex-
perimental study. Sex Roles 80, 63–75

14. Stern, C. and Rule, N.O. (2018) Physical androgyny and
categorization difficulty shape political conservatives’ atti-
tudes toward transgender people. Soc. Psychol. Personal.
Sci. 9, 24–31

15. Perez-Brumer, A. et al. (2015) Individual- and structural-
level risk factors for suicide attempts among transgender
adults. Behav. Med. 41, 164–171
s in Cognitive Sciences, March 2020, Vol. 24, No. 3 165

https://doi.org/10.1016/j.tics.2019.12.011
https://doi.org/10.1016/j.tics.2019.12.011
https://doi.org/10.1016/j.tics.2019.12.011
http://refhub.elsevier.com/S1364-6613(19)30313-4/rf0005
http://refhub.elsevier.com/S1364-6613(19)30313-4/rf0005
http://refhub.elsevier.com/S1364-6613(19)30313-4/rf0005
http://refhub.elsevier.com/S1364-6613(19)30313-4/rf0005
http://refhub.elsevier.com/S1364-6613(19)30313-4/rf0005
http://refhub.elsevier.com/S1364-6613(19)30313-4/rf0010
http://refhub.elsevier.com/S1364-6613(19)30313-4/rf0010
http://refhub.elsevier.com/S1364-6613(19)30313-4/rf0010
http://refhub.elsevier.com/S1364-6613(19)30313-4/rf0010
http://refhub.elsevier.com/S1364-6613(19)30313-4/rf0010
http://refhub.elsevier.com/S1364-6613(19)30313-4/rf0015
http://refhub.elsevier.com/S1364-6613(19)30313-4/rf0015
http://refhub.elsevier.com/S1364-6613(19)30313-4/rf0015
http://refhub.elsevier.com/S1364-6613(19)30313-4/rf0020
http://refhub.elsevier.com/S1364-6613(19)30313-4/rf0020
http://refhub.elsevier.com/S1364-6613(19)30313-4/rf0020
http://refhub.elsevier.com/S1364-6613(19)30313-4/rf0025
http://refhub.elsevier.com/S1364-6613(19)30313-4/rf0025
http://refhub.elsevier.com/S1364-6613(19)30313-4/rf0030
http://refhub.elsevier.com/S1364-6613(19)30313-4/rf0030
http://refhub.elsevier.com/S1364-6613(19)30313-4/rf0030
http://refhub.elsevier.com/S1364-6613(19)30313-4/rf0035
http://refhub.elsevier.com/S1364-6613(19)30313-4/rf0035
http://refhub.elsevier.com/S1364-6613(19)30313-4/rf0035
http://refhub.elsevier.com/S1364-6613(19)30313-4/rf0040
http://refhub.elsevier.com/S1364-6613(19)30313-4/rf0040
http://refhub.elsevier.com/S1364-6613(19)30313-4/rf0040
http://refhub.elsevier.com/S1364-6613(19)30313-4/rf0045
http://refhub.elsevier.com/S1364-6613(19)30313-4/rf0045
http://refhub.elsevier.com/S1364-6613(19)30313-4/rf0045
http://refhub.elsevier.com/S1364-6613(19)30313-4/rf0050
http://refhub.elsevier.com/S1364-6613(19)30313-4/rf0050
http://refhub.elsevier.com/S1364-6613(19)30313-4/rf0050
http://refhub.elsevier.com/S1364-6613(19)30313-4/rf0055
http://refhub.elsevier.com/S1364-6613(19)30313-4/rf0055
http://refhub.elsevier.com/S1364-6613(19)30313-4/rf0055
http://refhub.elsevier.com/S1364-6613(19)30313-4/rf0060
http://refhub.elsevier.com/S1364-6613(19)30313-4/rf0060
http://refhub.elsevier.com/S1364-6613(19)30313-4/rf0060
http://refhub.elsevier.com/S1364-6613(19)30313-4/rf0065
http://refhub.elsevier.com/S1364-6613(19)30313-4/rf0065
http://refhub.elsevier.com/S1364-6613(19)30313-4/rf0065
http://refhub.elsevier.com/S1364-6613(19)30313-4/rf0065
http://refhub.elsevier.com/S1364-6613(19)30313-4/rf0070
http://refhub.elsevier.com/S1364-6613(19)30313-4/rf0070
http://refhub.elsevier.com/S1364-6613(19)30313-4/rf0070
0000-0003-2932-8045
http://crossmark.crossref.org/dialog/?doi=10.1016/j.tics.2019.11.010&domain=pdf


article, Block [5] contends that popular
‘no-report’ paradigms [6,7] cannot settle
this dispute, since absence of report is
consistent with extensive private cogni-
tion. To make progress, we instead re-
quire a ‘no-cognition’ (or more precisely,
‘no-post‐perceptual cognition’) paradigm.
According to Block, doubts about such
approaches [8–10] are misplaced, since
Brascamp et al. [11] have already devel-
oped precisely such a paradigm. Block is
rightly dissatisfied with no-report methods.
However, a fundamental difficulty faces no-
cognition paradigms, as examination of
Brascamp et al.’s study reveals.

Brascamp et al. exploit binocular rivalry: the
presentation of different stimuli to each eye,
leading to alternating percepts. Specifically,
they presented each eye with a distinct pat-
tern of quasi-randomly moving dots with
40% motion coherence. These dots
changed direction every 300 ms, creating
an impression of high-tempo jitter in their
global motion. Average dot motion was or-
thogonal across patterns, creating two
types of transition: objective transitions,
where the dots physically changed direction
every 300 ms, and rivalry transitions, where
a switch in eye dominance changed the per-
ceived motion direction every few seconds.
When dots differed in color across eyes, ri-
valrous transitions were easily detectable.
However, when dots were the same color,
although rivalry transitions still occurred,
observers detected them eight times less
frequently, a level insignificantly different
from chance. This is plausibly because
such changes, while visible, could not
be distinguished from objective changes in
dot dynamics (i.e., the constant jitter in global
motion). (In Box 1, we discuss the possibility
that such transitions were in fact invisible.)

According to Block, what is theoretically
important is that ‘this method avoids the
systematic change of cognitive states…
that can accompany rivalrous changes’.
Thus, the methodology is ‘not just a no-
report methodology: it is a no-differential-

post-perceptual cognition methodology’.
Yet, Brascamp et al.’s paradigm does
not avoid systematic changes of cognitive
states. All it avoids are thoughts spe-
cifically tied to rivalrous transitions as
opposed to objective changes in dot
dynamics. Nothing in Brascamp et al.’s
methodology prevents observers engag-
ing in extensive cognitive processing
when transitions occur, so long as similar
processing attends objective changes. In-
deed, Brascamp et al. precisely designed
their displays so that the appearance of
objective change closely matched that of
rivalry-driven change, so we should ex-
pect close similarities. Cognitive process-
ing cannot be expected to distinguish the
subjectively indistinguishable.

This fundamentally compromises Block’s
interpretation of Brascamp et al.’s fMRI
data. Brascamp et al. calculated blood-
oxygen level-dependent (BOLD) con-
trasts between intervals inferred to con-
tain a rivalry transition and intervals
inferred to be transition free in three over-
lapping frontoparietal and
temporoparietal attentional networks.
No evidence was found that this activa-
tion differed from model predictions,
which treated BOLD activation as a func-
tion of transition reportability. Thus, a
large contrast was found in the different
color condition and a much smaller con-
trast in the same color condition. How-
ever, this does not indicate an absence
of activity in target regions accompanying
transitions. It only shows that this activity
does not significantly differ between inter-
als with and without transitions.

Moreover, since both intervals contain
multiple objective changes engineered
to look just like rivalrous transitions, it is
unsurprising if subjects respond to both
intervals in very similar ways. Compared
with the different color condition, where
there is a dramatic difference in the type
of change between intervals, there is ef-
fectively no detectable difference in the
same color condition.

What is evidenced by the absence of con-
trast is that frontal areas do not causally
initiate transitions. This was the purpose of
Brascamp et al.’s study. However, we
should not conflate the property of causing
transitions with the property of being an
NCC of rivalrous changes or contents. Sen-
sory circuits may determine when changes
between contents occur, even though pre-
frontal circuits are constitutively involved in
our awareness of them. This hypothesis
is consistent with the finding that invisible
stimuli elicit switches detectable in sensory
cortex but not in frontal regions [12].

This methodological point generalizes
to all studies that subtract activity during
rivalry from activity during a ‘replay’
condition, designed to mimic observers’
percepts during rivalry using a single
external stimulus (e.g., [6]). Such sub-
traction methods help determine the eti-
ology of transitions. However, they are
not suitable for establishing NCCs [10].
Although Block partially acknowledges
this point about ‘replay’ subtraction, he
does not appreciate that the issue repre-
sents an in-principle problem for rivalry-
based ‘no-cognition’ paradigms. As
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Box 1. Completely Unconscious Rivalry Transitions

It is possible (albeit unlikely in our view) that rivalrous changes are genuinely invisible in the same color condi-
tion, not merely indiscriminable from objective changes. However, this does not avoid our concerns. If rivalrous
changes are invisible, we will not predict any contrast in frontal activity due to differences in consciously
perceived change: there are no such differences. However, since rivalry still occurs, one interval could contain
at most one extra change in perceptual contents. Yet, since there are multiple matching objective content
changes in both intervals, we again will not predict a measurable difference in BOLD activity. Even more
sensitive analyses of the data (e.g., multivoxel pattern analysis) or more sensitive methods (e.g., electrocorti-
cography), which Brascamp et al. did not use [11], may well still fail to detect such subtle differences.

. 3



Block remarks, we cannot stop subjects
thinking. At most, we can match their
thinking across conditions (or intervals).
However, to match thinking requires
conditions that are indiscriminable in
some relevant respect. Yet,
indiscriminable stimuli look the same.
Consequently, all sides will predict
matching frontal activity between condi-
tions with and without transitions. Thus,
such paradigms cannot discriminate
rival hypotheses concerning NCCs.
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Letter

Finessing the Bored
Monkey Problem
Ned Block1,*

By recording from microelectrodes in
monkey prefrontal cortex (PFC), re-
searchers have decoded the contents of
conscious perception in cognitive areas
(lateral prefrontal cortex) in conditions in
which perceptions are not determined by
the stimulus, binocular rivalry, and flash
suppression [1–4]. As I noted in my recent
Trends in Cognitive Sciences article [5],
such results cannot be taken to support
cognitive theories of consciousness be-
cause of the ‘bored monkey problem’:
the idea that subjects whose only task is
fixating a dot may have thoughts about
the noticeably different stimuli, causing
prefrontal differences that do not reflect
prefrontal consciousness. This was the
negative point of my article, and in their
commentary Phillips and Morales (P&M)
[6] do not dispute it.

What they do dispute is my positive
point: that Brascamp et al. [7] have
evaded the bored monkey problem.
One innovation introduced by Brascamp
et al. is to use stimuli that have two re-
lated useful properties. The first is that
the stimuli do not afford any ready-to-
hand cognitive categories for characteriz-
ing them other than as moving dots. Sub-
jects cannot say to themselves: ‘There is
the face again.’ P&M say ‘Nothing in
Brascamp et al.'s methodology prevents
observers engaging in extensive cognitive
processing’, both in the rivalry transitions
and the similar real (objective) transitions.
However, P&M are neglecting the fact that
the stimuli do not naturally draw cognitive
processing in either the rivalry case or the
real case.

P&M focus on the distinguishability of the
rivalrous transitions from the nonrivalrous
real (objective) transitions, emphasizing
replay subtraction. However, the aforemen-
tioned monkey experiments [1–4] do not
use any form of replay subtraction. This re-
search does involve comparisons between
perception of the rivalrous stimuli and per-
ception of real stimuli, but the purpose is to
ascertain which neurons respond to the per-
cept rather than to the stimulus.

The second useful property of these
stimuli is that they are subjectively different
from each other without being con-
spicuously different. P&M [6] say: ‘Yet
indiscriminable stimuli look the same.’
However, although the stimuli are not
noticeably different, they are subjectively
different: they differ from each other in the
directions of movement of each dot and
in the overall directions of motion of the
dots. Indeed, they are sufficiently subjec-
tively different to trigger conscious rivalry.

I mentioned [5] that rivalry occurs in fruit
flies and can occur in unconscious per-
ception. P&M conclude that the rivalry
in Brascamp et al. might be invisible.
However, one cannot generalize in this
way from rivalry when subjects do not
consciously see the stimuli. Rivalry in-
volves the dominance of one whole neural
coalition over another. I know of no evi-
dence that rivalry in the case of con-
sciously seen stimuli can somehow slice
off the conscious part of the coalition. The
competing stimuli are subjectively but not
noticeably different. Not being noticeably
different, rivalry transitions are less likely to
draw more attention than real transitions –
as confirmed by Brascamp et al.

Would the differences between the neu-
ral representations of such stimuli be
decodable in the brain at all given how sim-
ilar they are? Recall that the explanation of
binocular rivalry is that pools of neurons
that represent each of the stimuli are mutu-
ally inhibitory. In the presence of neural
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