
OPEN ACCESS

Please cite this article in press as: Mudrik et al., Taking consciousness for real: Increasing the ecological validity of the study of conscious vs. uncon-
scious processes, Neuron (2024), https://doi.org/10.1016/j.neuron.2024.03.031
ll
Perspective

Taking consciousness for real: Increasing
the ecological validity of the study
of conscious vs. unconscious processes
Liad Mudrik,1,2,* Rony Hirschhorn,2 and Uri Korisky1
1School of Psychological Sciences, Tel Aviv University, Tel Aviv, Israel
2Sagol School of Neuroscience, Tel Aviv University, Tel Aviv, Israel
*Correspondence: mudrikli@tauex.tau.ac.il
https://doi.org/10.1016/j.neuron.2024.03.031

SUMMARY

The study of consciousness has developed well-controlled, rigorous methods for manipulating and
measuring consciousness. Yet, in the process, experimental paradigms grew farther away from everyday
conscious and unconscious processes, which raises the concern of ecological validity. In this review,we sug-
gest that the field can benefit from adopting a more ecological approach, akin to other fields of cognitive sci-
ence. There, this approach challenged some existing hypotheses, yielded stronger effects, and enabled new
research questions. We argue that such a move is critical for studying consciousness, where experimental
paradigms tend to be artificial and small effect sizes are relatively prevalent. We identify three paths for doing
so—changing the stimuli andexperimental settings, changing themeasures, andchanging the researchques-
tions themselves—and review works that have already started implementing such approaches. While
acknowledging the inherent challenges, we call for increasing ecological validity in consciousness studies.
Consciousness is a fascinating but elusive phenomenon; it

is impossible to specify what it is, what it does, or why it

evolved.—The InternationalDictionaryofPsychology,p.95.

Within less than 40 years, the question of consciousness has

undergone a substantial transformation: previously considered

by many as non-scientific, lying well outside the scope of any

empirical investigation1 (even a taboo word2), it has become a

legitimate field within the cognitive sciences, with dedicated

conferences and journals. The modern study of consciousness

encompasses different research questions (for reviews, see

LeDoux et al.,3 Seth,4 and Zeman5). Here, we focus on the

following key ones: first, what are the neural bases of conscious,

qualitative experiences, and how they differ from the processing

of information that is not accompanied by such a qualitative

experience?6–8 Second, what, if at all, are the functions of con-

sciousness, or—complementarily—what is the scope and depth

of unconscious processing?9–11 These questions arguably touch

upon the most fundamental aspects of our existence, and some

even consider them to be some of the greatest challenges neuro-

science and psychology are facing (e.g., Crick12). This remark-

able transformation from a non-scientific question to an impor-

tant scientific quest was facilitated by a continuous, rigorous

attempt to perfect research methodologies.

A main—and still ongoing—challenge in this quest has been

to operationally define consciousness. That is, to experimentally

compare between conscious and unconscious processing of the

very same event while controlling for possible confounds.13,14 In

the process, highly elegant and well-controlled perceptual ma-
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nipulations were developed (for reviews, see Breitmeyer15 and

Kim and Blake16), allowing researchers to extensively expand

the horizons of empirical investigation, and substantiate a

feasible and reliable research program. No less challenging

was the attempt to properly measure consciousness, using

both subjective and objective measures.17,18

However, overcoming the long-lasting skepticism toward con-

sciousness as a legitimate subject for scientific investigation

came at a cost: while attempting to refine the manipulations of

consciousness, these methods grew farther away from real-life

instances of conscious and unconscious percepts. This raises

the question of ecological validity19: do the findings obtained us-

ing these experimental manipulations generalize to everyday sit-

uations? This is a part of the experiments’ external validity,20 or

the degree to which the findings depend on the specific context

of the study. It also jeopardizes construct validity,21 as these

operational definitions are arguably so distant from real-life

conscious and unconscious processes, that they might fall short

in capturing the phenomenon of interest. Though this issue has

been widely discussed in other fields,22,23 it has by and large

been overlooked by most studies in consciousness research.

Here, we argue that it is high time for consciousness researchers

to adopt a more ecological approach and review some experi-

ments that have already done so as cases in point.

Before we do, an important clarification is in order: we do not

advocate for abandoningclassicalmethods in thenameofecolog-

ical validity; we see great value in suchmethods, given their rigor-

ousness and high controllability. Along the same lines, we do not

think that the field has already surpassed the challenges ofmanip-

ulating and measuring conscious and unconscious processing;
ay 15, 2024 ª 2024 The Author(s). Published by Elsevier Inc. 1
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Box 1. Challenges in adopting a more ecological approach in consciousness studies

Two main concerns are commonly raised against more ecological designs: first, they are typically more complicated to conduct.

Incorporating additional measurement tools (eye-tracking or motion-tracking equipment) or using virtual/augmented reality

(VR/AR) environments24 requires technological adaptations that might not be trivial. Second, a more prominent concern focuses

on the trade-off between ecological validity and experimental control.25 Both issues are not unique to consciousness science, yet

there are additional challenges that are more specific to the field.

First, the richer environments that usually characterize ecological experiments also tend to be noisier, taxiing participants with a

higher processing toll compared with classical designs where an isolated stimulus is presented on screen. Such competition

evoked by the richer stimulation can reduce the evoked signal.26 This, in turn, might reduce the chances of finding reliable effects.

However, in some cases, adding more ‘‘noise’’ to one’s setup (e.g., have participants walk while being presented with visual stim-

uli) might actually yield stronger responses.27

Another unique issue involves measuring awareness. This is an ongoing challenge, which continues to evoke controversy, as the

field has yet to achieve consensus about theway consciousness should bemeasured.17,18 Accuratelymeasuring awareness under

more ecological designs seems even more demanding, given the non-typical tasks and experimental environments. Yet, it is

doable; in the multi-trial VR IB paradigm presented in the main text, trial-by-trial objective and subjective measures of awareness

were taken, and IB remained effective.28 In fact, it might be that the greater engagement entailed by this more ecological setup is

the reason the attentional manipulation worked despite participants being repeatedly probed about the IB stimuli.

VR setups suffer from an additional limitation: the presentation of the visual stimulation via the VR headset substantially changes the

way the eyes typically interactwith the perceived environment. Specifically, there is amismatchbetween the convergence of the eyes

(vergence) and the focus of vision (accommodation) while viewing an object (i.e., ‘‘accommodation vergence conflict29’’). Thus, cur-

rent VR technologies do not mimic naturalistic 3D cues, which might pose a challenge when analyzing and interpreting results. While

future VR technologies could possibly solve this issue, current AR setups can circumvent it to some extent by overlaying virtual con-

tent over real-world environments (though of course, that content will suffer from the same issue).

Finally, another challenge, which is relevant to all studies using virtual stimuli, concerns the contrast between the vividness and

realism of virtual stimuli and participants’ knowledge that they are not, in fact, real. On the one hand, convincing extended reality

(XR) setups can create a significant feeling of ‘‘presence’’ in participants,30 in the sense that they believe that the stimuli presented

to them are a part of the same physical reality as themselves. On the other hand, participants are aware of using an XR head-

mounted display, and so even if they do not know which stimuli around them are virtual (because the illusion is so convincing),

they know that some stimuli surely are. This could create a dissonance whose implications are not yet known. In some cases, it

is actually the most realistic setups that evoke such dissonances; for example, the ‘‘uncanny valley’’ phenomenon in face percep-

tion was found for computer-generated avatars, where a certain level of realism creates a feeling of unease in human observers.31

Thus, by using XR to move closer to reality, one might inadvertently create a scenario in which cognition actually dissociates from

everyday life—even more so than in less ecological setups, where the differentiation between the real world and the experimental

stimuli is clearer. This might be especially problematic for studies of consciousness, where the content of one’s experiences is

being probed. It should accordingly be taken into account when designing one’s experiment.
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those are still withstanding and are probably harder to address in

more naturalistic studies (Box 1). Yet, we suggest that such

studies—challenging as they may be—can complement the clas-

sical approaches, allowing us to expand the horizons of our inves-

tigations, and test the generalizability of findings obtained with

classical methods to more ecological ones.

CURRENT METHODS IN CONSCIOUSNESS STUDIES:
WHAT ARE WE REALLY PROBING?

Typically, researchers either study states of consciousness

(e.g., by comparing sleep stages,32 effects of anesthesia,33 or

disorders of consciousness34) or focus on the content of con-

sciousness, mostly in the visual domain35 (Figure 1). In the latter

case, some psychophysical manipulation is used to evoke

different conscious percepts (i.e., manipulate the content of con-

sciousness) while minimizing the physical differences between

the experimental conditions (ideally using the exact same phys-

ical stimulus in both conditions). For example, in binocular rivalry

(BR),36,37 a different image is projected to each eye, yielding
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perceptual alternations between the images. Experimentally,

this is one of the cleanest contrasts: the external stimulation is

constant, while only the content of perception changes. Yet

does it resemble any real-life instantiation of consciousness?

Though unmatched monocular images frequently occur in

everyday life (e.g., due to differential occlusion to the two

eyes), this rarely, if ever, leads to transitions in perceptual con-

tent38 (for a recent attempt to create BR in more naturalistic set-

tings, see Han et al. 39). Indeed, some suggested that the neural

mechanisms underlying BR are idiosyncratic to this specific phe-

nomenon and might reflect perceptual decision-making more

than the neural correlates of consciousness.40

An even clearer case is continuous flash suppression (CFS42);

in this clever method, BR is heavily biased toward the dominant

eye,43 to which flickering, often colorful, shapes (‘‘Mondrians’’)

are presented. This allows researchers to suppress stimuli

from awareness for long durations, which can then be used to

study unconscious processing, or to track the neural correlates

of consciousness by comparing conscious and unconscious

processes. Notwithstanding this advantage, the ecological
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Figure 1. Surveys of current methods in the field of consciousness studies
On the left (A), a classification of methods used in 263 neuroscientific experiments manipulating the content of consciousness, whose results were interpreted in
light of four theories of consciousness (taken from the ConTraSt database41). On the right (B), a classification of methods used in 387 behavioral experiments that
examined semantic processing (n = 277) and attentional capture (n = 110) without awareness (data collected for two unpublished meta-analyses). CFS,
continuous flash suppression.
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validity of CFS is relatively low; it induces a highly artificial

perceptual state that does not correspond to any phenomenon

in the outside world. Therefore, the generalizability of its

results to real-life conscious vs. unconscious processes remains

open.

Similar arguments can be made about other techniques that

are typically used in consciousness studies; in everyday life,

we hardly ever perceive objects that appear for only a few milli-

seconds. No less rare are objects obscured by other inputs that

immediately replace them (i.e., visual masking44,45). As opposed

to BR or CFS, masking could potentially occur in everyday

situations, but it is hardly a common phenomenon. Other

methods, like stimulus degradation,46 crowding47 or inatten-

tional blindness (IB),48 are more akin to real-life occurrences of

failures to consciously perceive, but the latter two are less

frequently used for comparing conscious and unconscious pro-

cesses (note that crowding also requires gaze contingency,49

which again is less ecological, and IB is typically limited to a

small number of trials, or even one trial only,50 rendering it less

useful for repeated measures from the same participants). Over-

all, one concern about many of these methods is that they might

push perception to a lab-induced limit, which does not neces-

sarily represent how these processes unfold ‘‘in the wild.’’20

Thus, participants’ ability to perform various operations on

stimuli suppressed using these techniques might not indicate

that these abilities are indeed performed without awareness

also outside the lab. For example, the ability to find edge cases

where reading suppressed words is possible51 does not neces-

sarily mean that unconscious reading is common or that it affects

behavior in everyday life (e.g., when walking or driving). To

demonstrate that this is indeed the case, ecological paradigms

are needed, probing real-life unconscious processes, rather

than artificially induced ones. To explain why, we rely on a previ-
ously suggested analogy52; imagine that one studies the function

of legs by temporarily paralyzing participants’ legs and exam-

ining what they can do. It is plausible that participants will find

a way to move in space, and we might be tempted to argue

that the function of legs is not to allow locomotion in space.

This would clearly be false, but this rationale is shared by many

experiments: using sophisticated paradigms we can sometimes

create artificial situations in which a certain function can be per-

formed without conscious perception. However, that does not

mean that this is the case also outside the lab.

Non-ecological paradigms do not only run the risk of overesti-

mating unconscious processes by creating such artificial edge

cases that do not generalize to real-life; theymight also underesti-

mate them, in the followingmanner: arguably, themorenaturalistic

the stimuli and the experimental environment, the more partici-

pants can rely on prior knowledgewhenprocessing the presented

information. In that respect, classical experiments violate prior ex-

pectations: for example, by (1) presenting 2D images instead of 3D

objects, with which we typically engage (though admittedly this

balance is changing due to widespread usage of digital devices);

(2) presenting rapidly changing stimuli that are less stable and

auto-correlated than everyday experiences; or (3) simply being

unimodal, as opposed to the rich, multimodal stimulation which

boostsperceptualprocessing.53,54 In that respect,classical exper-

imentsmight fall short incapturingunconsciousprocesses thatare

heldbysome tobe lessflexible55andhencemight not easilyadjust

to such expectation-violating conditions.

WHY REALITY MATTERS: LESSONS LEARNED FROM
OTHER FIELDS

We have argued above that the use of artificial paradigms and

stimuli might jeopardize the ecological, external, and construct
Neuron 112, May 15, 2024 3
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validity of consciousness studies. We accordingly suggest that

the study of consciousness could benefit from adopting a

more ecological approach. To demonstrate the potential bene-

fits, we draw examples from similar moves in other fields.

Challenging previous claims and findings
Ecological studies sometimes yield new insights about the stud-

ied phenomenon. We demonstrate this with examples from the

fields of emotion, perception, and memory. In emotion research,

frontal alpha asymmetries (FAAs) are widely held to index

emotional and motivational processing.56,57 Yet, the generaliz-

ability of FAAs to real-life fear responses has recently been ques-

tioned.58 Using virtual reality (VR), experimenters strived to

create a more ecological setting that would evoke fear re-

sponses that are more natural: participants navigated inside a

virtual cave, which was designed to be either frightening or

neutral, using both visual and auditory stimulation. The re-

searchers went as far as building a physical cave to provide

haptic stimulation to enhance the immersion. While behavioral

responses indicated highly negative emotional experiences in

the negative condition, the FAA mostly failed to distinguish be-

tween the conditions (though some differences were found).

The authors accordingly claimed that the FAA might not be a

genuine marker of affective responses (see also Schöne

et al.59, but conversely Krogmeier et al.60). In the study of visual

perception, a recent VR experiment presented intact, blurred,

and scrambled images of people sitting on a stool, either in

2D, on a computer screen, or in 3D, in the VR environment. While

the widely established face-related N170 component was found

in EEG studies for the 2D stimuli, it was abolished in response to

3D ones. In this virtual condition, the researchers found only later

activations that differentiated between intact faces and blurred/

scrambled ones.61 In the memory domain, new insights about

the functioning of the hippocampus in memory retrieval were ob-

tained when experimenters moved from presenting isolated,

arbitrarily related items (e.g., lists of words) tomore natural, richly

connected stimuli (e.g., a movie).62 While word-list studies sug-

gested that the hippocampus is recruited for very-short-delay in-

formation retrievals, a much weaker recruitment for short delays

was found compared with long delays (one day) when using a

movie. Even classical textbook effects like the primacy-recency

effect63 were completely abolished when using realistic audiovi-

sual narratives, where events are interconnected and semanti-

cally meaningful, as opposed to presenting lists of isolated

words.64 This is somewhat reminiscent of the lack of adherence

to Weber’s law65 in grasping 3D, but not 2D stimuli.66 Thus, op-

erationalization matters, and substantially so, such that some of

themost robust andwidely studied effects may turn out to heavi-

ly depend on the specific experimental setting one uses, and fail

to generalize to the way we process and—in this context,

remember—information in real life.

Finding stronger effects
Realistic stimuli often (but not always, as demonstrated above)

evoke stronger effects. Studies that compared responses to

real-life, 3D objects with responses to on-screen 2D ones found

that 3D objects are remembered better,67 assigned greater

value,68,69 attract more attention,70 and are more robust to repe-
4 Neuron 112, May 15, 2024
tition suppression71 than 2D images. Remarkably, this higher

responsiveness to 3D objects was already found in infancy.72,73

These findings about real, tangible stimuli (for review, see Snow

and Culham 23) correspond with a long tradition of research in vi-

sual perception, emphasizing the centrality of the interaction that

an organism has with its environment in shaping its perception.74

In face processing, adding biological motion to facial stimuli

yielded stronger cortical responses in face-selective areas.75 In

social neuroscience, studies showed that live interactions with

another person evoke stronger neural responses than watching

a video of the same interaction.76 Taken together, these findings

suggest that using more naturalistic setups can indeed evoke

stronger signals and, accordingly, more robust effects.

Enabling new questions
Ecological designs can also facilitate asking new questions. For

example, the study of inter-subject synchronization, which has

yielded many insights about communication efficiency,77 narra-

tive processing,78 andmemory (especially in the context of event

boundaries79) was driven by using more naturalistic stimuli (e.g.,

replacing isolated stimuli with full movie scenes,80 narrated sec-

tions,78 and even real-life conversations77). These allowed re-

searchers to look into naturalistic responses to continuous,

meaningful events, taking into account context and expecta-

tions, often also integrating across more than one modality.80

In addition, using natural speech revealed intricate patterns of

semantic mapping,81 enabling new questions about the effect

of context on semantic processing and sentence comprehen-

sion. Along the same lines, the influential idea of neural entrain-

ment as a crucial mechanism for controlling sensory gain,82

especially in the context of speech processing,83 could not

have been establishedwithout presenting natural speech stimuli,

as opposed to isolated words or written sentences. Drawing

from a closer field, the study of the concept of self has substan-

tially benefited from introducing ecological designs. New types

of illusions were found (e.g., transfer of full-body ownership84

and body swapping85), highlighting the role of bottom-up sen-

sory signals in construing a self-model and a sense of ownership,

and differentiating between the contributions of first and third-

person perspectives.86 Similarly, questions about the sense of

reality seem much harder to study with classical methods, as

the latter are substantially less potent than VR setups in directly

manipulating changes in perceived reality to test how these

changes are processed.87

‘‘ECOLOGIZING’’ THE FIELD OF CONSCIOUSNESS

Extrapolating from the above examples to the field of conscious-

ness, we argue that introducing a more ecological, naturalistic

approach holds the potential for obtaining stronger effects,

widening our understanding of consciousness, and possibly

revising some of the accepted views about its function and un-

derlying neural mechanisms. Below, we propose three ways

for ecologizing the study of consciousness: ecologizing the

experimental materials, the measures, and even the research

questions. We describe studies that have already adopted this

approach and discuss the potential advantages to the field.

Notably, these suggestions are orthogonal to each other, and
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each varies in its closeness to real-life; a study can use more

ecological stimuli with a non-ecological paradigm (e.g., present

real-life objects under CFS88), or use more ecological measures

which rely on naturalistic behaviors with non-ecological stimuli

(e.g., tracking 3D-motion trajectory toward 2D images89,90); we

argue that in either case, moving up the ecological ladder intro-

duces new opportunities and advantages in the study of con-

sciousness.

Changing the stimuli and the experimental environment
Although still the exception rather than the rule, several lines of

research have already opted for more ecological stimuli and para-

digms, to different degrees. At one end of this continuum are

studies that replaced isolated, artificial stimuli with more complex

and natural ones; for example, studying the unconscious process-

ing (or lack thereof) of real-life scenes (Figure 2A),91–94 biological

motion (Figure 2B),95 movement trajectories,96 or causal

relations.97 These studies better delineated the limits of uncon-

scious integration of information,98,99 which in turn bears implica-

tions for theories of consciousness that assume some relations

between consciousness and integration.100,101 Going beyond

the visual modality, some studies better mimic the multifaceted

(and multimodal) everyday conscious experience by using multi-

sensory stimulation. Such studies vary in their degree of natural-

ness, ranging from explorations of the interplay between visual

stimuli and bodily sensations or proprioception102,103 tomore nat-

ural designs, using real, full-body movement (Figure 2C).104 In the

latter case, participantswere seated in a rotating chair, which pro-

vided whole body, vestibular stimulation around the yaw axis. At

the same time, using VR, an optic flow stimuluswas presented un-

derCFS,whosedirectionwaseither congruent or incongruentwith

the vestibular stimulation. Congruent stimuli broke suppression

faster than incongruent ones, suggesting that visuovestibular inte-

gration facilitates access to awareness. A somewhat different

result was found in a study where participants interacted with a

cog, making it rotate other, connected cogs.105 The rotation of

the rightmost cog was either controlled by the participants (by

rotating the leftmost cog) or not and was either congruent with

the direction of the leftmost cog or not. A virtual object was pre-

sented on the rightmost cog using augmented reality (AR) goggles

and suppressed with CFS. The authors found that controllability,

rather than congruency, affected suppression times. Most impor-

tantly for the present context, both of these studies demonstrate

how using richer sensory stimulation allows researchers to ask

new questions about consciousness, and—in these cases—its

interplay with action106,107 (for another study using VR to probe

the interaction between action and conscious perception, see

Vasser et al.108).

A promising paradigm for doing so is the recently developed

"real-life״ CFS paradigm (Figure 2D).88 This paradigm also

uses AR, but presents the CFS Mondrians to the dominant eye

in one goggle, while the other goggle receives no stimulation.

This allows the non-dominant eye to naturally view the external

world, without the participant being aware of the viewed informa-

tion. This method can accordingly suppress real-life, 3D objects,

and even body parts or the face of an experimenter standing in

front of the participant. This technique was recently used to

demonstrate that real-life objects emerge into awareness faster
than their 2D image representations, but—critically—only when

meaningful, rather than scrambled.114 This suggests an impor-

tant role for affordances in facilitating access to consciousness

and opens the gate to testing the effects of action on perception

as well as the potential independence of the two.115

In all the above paradigms, either the stimuli or the experi-

mental environment was naturalistic, but the method used to

render these stimuli invisible was highly artificial. Another line of

studies renders themanipulations of awarenessmore ecological,

mostly relying on attentional mechanisms. Arguably, in everyday

life, attention plays a crucial role in selecting which stimuli will be

consciously perceived (though notably, some theories of con-

sciousness hold attentional selection to be a post-perceptual

process, such that phenomenal consciousness does not depend

on attention116). Under this framework, all attention-based ma-

nipulations of consciousness are more ecological than other

methods, which typically rest on synthetic psychophysical phe-

nomena. Yet, even within these paradigms, some studies are

more ecological than others. For example, one study showed

that IB actually decreases in VR settings.117 Others went further

and demonstrated IB in the wild: participants walking down the

street while talking or texting over the phone were less likely to

detect money on a tree118 or a unicycling clown111 on their path

(Figure 2E). Perhaps more worrisome and relevant to real-life sit-

uations, another study found that 33% of trained cops and 50%

of police academy traineesmissed a clearly visible gun placed on

the dashboard in a simulated vehicle traffic stop (Figure 2E).110

Similarly,most participantswhowere running after a confederate

missed a fight between two other confederates.119

These studies reinforce the ecological validity of the IB para-

digm, showing that it also occurs in everyday life (thereby also

strengthening itsexternal validity).Nevertheless, theydonot reveal

something new about consciousness or about the IB phenome-

non. Recently, in-lab ecological versions of attentional manipula-

tions have been utilized for that purpose; for example, a video-

game variant of IB is now being used to arbitrate between theories

of consciousness in anadversarial collaboration.120 Also, recently,

a multi-trial IB VR paradigm has been introduced, which potently

suppresses lifelike stimuli (specifically, ads presented on bill-

boards) from awareness over and over again, despite participants

being asked to provide both objective and subjective awareness

measures at the end of each trial (Figure 2F).28

Another striking example of a VR attentional manipulation

paradigm has used change blindness. There, participants freely

viewed naturalistic videos, which at some point were gradually

degraded in a gaze-contingent manner such thatmuch of the pe-

riphery of the visual field was desaturated (Figure 2G).112 The re-

sults showed that even when only the central 10� of the stimula-

tion remained colored, almost a third of participants failed to

perceive the change and were strongly surprised to learn it

occurred. Here, the free viewing of the videos, allowed by the

VR environment, yielded very strong results that pushed change

blindness to a new limit.

Notably, using more naturalistic stimuli and environments

does not only benefit studies that focus on the content of con-

sciousness or its characteristics, but also presents exciting op-

portunities for studying states of consciousness, and for testing

for consciousness121 (e.g., in non-responsive patients). The
Neuron 112, May 15, 2024 5



Figure 2. Examples of ecological stimuli
(A) Natural scenes with objects substituted to create violations of semantic expectations. Adapted from Shir et al.109

(B) Biological motion cues presented by point-light walkers, suppressed using CFS, left: timeline of a single trial, right: illustration of male (blue) and female (red)
stimuli, differing in their structural and motion properties. Adapted from Faivre and Koch. 95

(C) Vestibular cues facilitating emergence into awareness of congruent suppressed visual motion cues, left: image of a participant sitting in a chair that rotates,
right: CFS presentation of motion cues. Adapted from Salomon et al.104

(D) ‘‘Real-life’’ CFS allows to suppress real, 3D objects from awareness, left: illustration of the setup, top-right: timeline of a single trial, from the point of view of the
participant, bottom-right: examples of 3D-printed stimuli depicting objects (left) and their scrambled versions (right). Adapted from Korisky et al.88

(E) Inattentional blindness in the real world. Left: participants failed to notice a gun in full view on a driver’s dashboard. Adapted from Simons and Schlosser.110

Right: participants failed to notice a unicycling clown despite crossing their path. Adapted from Hyman et al.111

(F) A multi-trial inattentional blindness VR paradigm. The participant is riding a bus through a street while following one of three moving bees (circled here for
illustration purposes). Billboards in the background and on the bus stations show intact and scrambled stimuli. Adapted from Hirschhorn et al.28

(G) A demonstration of limited awareness of color in the periphery using immersive 360� videos. Left: visualizations of displays presented to participants in two
eccentricities of color desaturation in the periphery, right: awareness to color desaturation across participants. Adapted from Cohen et al.112

(H) Decoding conscious perception of natural stimuli (movies) in unresponsive patients based on neural responses of healthy participants. Left: movie frames with
high between-participants agreement on being suspenseful, right: visualization of selected ICA components from the healthy participants (top row), and their
expression in two patients (two bottom rows), showing the degree of synchrony between neural responses of the single patient and the group. Adapted fromNaci
et al.113
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underlying rationale is simple; present stimuli that humans typi-

cally encounter in everyday lives and look for a similar neural

response to these stimuli, in healthy participants and clinical pa-
6 Neuron 112, May 15, 2024
tients. This was done with non-responsive patients, who freely

viewed (or listened to) a suspenseful movie while their brain acti-

vations were recorded using fMRI (Figure 2H). In some patients,



A B

C

X Coordinates

Y 
C

oo
rd

in
at

es
Y 

C
oo

rd
in

at
es

X Coordinates

Time around button press [s]

Time around button press [s]

M
ea

n 
pu

pi
l s

iz
e 

[z
]

M
ea

n 
O

KN
 s

pe
ed

 [a
.u

.]

Left
Right

2.4

1.2

0

-1.2

-2.4

0.4

0.2

0

-0.2

-0.4

0 3-3

0 3-3

Bright
Dark

Aphantasics Controls

Low memory
Memory PerceptionOriginal Image Memory Perception

High memory Memory Perception Memory Perception

Unaware Aware

Early
Late

N
or

m
al

iz
ed

 S
C

R
 d

iff
er

en
ce

0.5

0.4

0.3

0.2

0.1

-0.1

0

n.s.

D

Shown Percept
Left Eye Right Eye

500

400

300

200

100

0

500

400

300

200

100

0

400-400 200-200 0

400-400 200-200 0

Figure 3. Examples of more ecological
measures for consciousness studies
(A) Eye-tracking measures reveal the effect of
binocular rivalry, both by the average OKN speed
(top) and the average pupil size (bottom). Adapted
from Fr€assle et al.126

(B) SCR measurements demonstrate unconscious
fear conditioning. Top: experimental paradigm.
Participants were presented with visible/invisible
fearful faces, either coupled with a shock (CS+) or
not (CS�). Bottom: a difference in SCRs between
CS+ and CS� was found during unconscious pro-
cessing in the early (first half, blue) part of the
experiment, while for conscious processing, the
effect was found during the late (second half, red)
part. Adapted from Raio et al.132

(C) Motion tracking suggests differential reaching
trajectories for a condition where the prime and
target were congruent (top) as opposed to incon-
gruent (bottom). As can be seen, trajectories in
the former case are more distant and direct than in
the latter condition. Adapted from Finkbeiner and
Friedman.89

(D) Drawing as a report method reveals recall dif-
ferences between aphantasic and control groups.
Participants were asked to draw an image either
frommemory or while it was presented. In the figure
are examples of drawings made by individual par-
ticipants (rows) in each condition, demonstrating a
differential amount of detail both between condi-
tions and also between aphantasics and controls in
the recall condition, especially for images that were
more extensively described (high memory). Adapt-
ed from. Bainbridge et al.133
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the neural patterns closely resembled those of healthy partici-

pants, suggesting that they were indeed conscious of the pre-

sented content. It is precisely due to the complex nature of these

narrative-bearing stimuli that these activations seem less likely to

be explained simply by automated, unconscious responses.122

Using a different modality, researchers tested for consciousness

by presenting aversive (rotten fish) and pleasant (shampoo) odor-

ants and looking for the typical sniffing response, which proved to

be highly predictive of subsequent awakening.123

Changing the measures
Similar to most studies in cognitive sciences, the vast majority of

behavioral studies of consciousness restrict participants’ re-

sponses to simple selections between categories using single

button presses.124 These responses, and the metrics typically

derived from them (e.g., reaction time and accuracy), limit the
amount of information researchers can

extract about participants’ percepts, and,

in the current context, they are also less

natural in the sense that they require

learning task-specific response associ-

ations.

Several alternatives exist, typically

relying on more natural responses. Such

responses also enjoy the benefits of being

time-resolved and of higher dimension-

ality; this, in turn, can also potentially

elevate their sensitivity to more subtle ef-
fects that unfold over time. Alternatively, they can eliminate con-

founds that stem from intentional responses. Here, we give some

examples of such measures. First, eye movements have been

used to replace participants’ reports of their experience.125 A

seminal study used optokinetic nystagmus (OKN) to detect

perceptual switches during a no-report BR (Figure 3A).126 The re-

sults showed that the widespread frontoparietal activity found

during active report almost completely vanishes in the OKN con-

dition, in the absence of such report. Others have used gaze

tracking to unravel unconscious processes in different

ways127. Much like in other studies, the eye-tracking measures

are considered indirect evidence for processing, in contrast to

direct measures of awareness whereby participants report not

perceiving the stimuli, and/or are unable to perform an explicit

judgment about them.128 One study presented two orthogonally

drifting gratings to the two eyes in a BR paradigm, so
Neuron 112, May 15, 2024 7
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participants only perceived one of them. They found that reflex-

ive eye movements were influenced by the drift of the sup-

pressed grating, a phenomenon referred to as ‘‘tracking without

perceiving.’’129 Another study focused on the sensitivity of eye

movements to subliminal distractors, reporting small yet signifi-

cant effects on saccade characteristics.130 Finally, other studies

focused on higher-level functions; in one such study, pupil dila-

tion was used as an index of strategic processes evoked by

reward cues, showing that such processes indeed take place

even when the reward cues were masked, but only when the

rewardwas given in the context of amentally demanding task.131

A second alternative is skin conductance responses (SCRs),134

a naturally occurring response that has been extensively used in

psychological research and, in the current context, can also serve

as indirect evidence for unconscious processes. SCR was mostly

used to study unconscious emotional processing.135–137 For

example, one study used SCR to examine fear acquisition without

awareness (Figure 3B).132 The researchers used CFS to present

participants with either visible or invisible faces, half of which

were paired with a shock. Intriguingly, the SCR patterns sug-

gested that the fear response was acquired faster in the invisible

condition but was also faster to decline. Using such measures

also allows extending the investigation toward earlier stages of

the developmental axes; for example, one study presented sub-

liminal emotional primes to 3-to 4-month-old infants and found

an increased SCR to angry faces.138

Third, reaching responses and motion tracking provide further

means to track conscious and unconscious processing as they

unfold, while allowing participants to interact more naturally

with the presented stimuli. Here, one may draw inspiration

from the landmark works with patients,139,140 and later with

healthy participants,141 substantiating the functional dissocia-

tion between the dorsal and the ventral visual streams.142,143 In

these cases, the reaching and grasping tasks allowed re-

searchers to reveal the differential performance for action vs.

perception (e.g., following a ventral lesion, in the case of patient

D.F.139,140). A handful of studies also used reaching responses to

probe unconscious priming89,90 (Figure 3C). In one of them, par-

ticipants were presented with supraliminal targets (images, let-

ters, and digits) preceded by congruent/incongruent subliminal

primes and were asked to classify them into categories (e.g.,

people/animals or letters/digits) using a reaching response.

The results indicated a difference between the conditions and re-

vealed its time course, emerging earlier for repeated as opposed

to novel primes.89 Another study directly compared reaching tra-

jectories (though using a mouse rather than free reaching) and

keyboard presses for number priming, reporting the former to

yield stronger effects than the latter.144

Fourth, some researchers replaced traditional selection tasks

with more natural forms of description:124 free drawings have

been used to characterize perceptual changes evoked by

crowding145 or to quantify aphantasia (Figure 3D).133 Others

used free reports, and first- and second-person interviewing

tools, to characterize structures of experience.146,147 A more

recent formulation of that approach suggests that conscious-

ness should be studied using micro-phenomenological inter-

views aimed at unraveling the pre-reflexive structures of experi-

ence.148 Finally, metrics based on freely reported lists of words
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have also been suggested as means to characterize experi-

ence,149,150 but later criticized.151 Notably though, these alterna-

tive reporting techniques present new challenges, as the data

are highly prone to subjective interpretation, and standardization

and replicability are not trivial. Thus, more research is needed to

develop new means of reporting that might expand our under-

standing of conscious experience.

Changing the research questions
Perhaps the most exciting—yet arguably most challenging—

means to increase the ecological, external, and construct validity

of consciousness studies is to change the research questions,

pushing them closer to everyday phenomena. In some cases,

old questions are simply reformulated using a more naturalistic

approach. In other cases, the questions themselves are novel.

For both, as we demonstrate below, mimicking everyday situa-

tions can change the findings and the ensuing conclusions. We

first focus on phenomenal consciousness, then examine studies

targeting the neural correlates of consciousness, and finally, we

extend our scope toward the question of free will and the role of

consciousness in voluntary actions. We argue that these case

studies from different subfields of the study of consciousness

demonstrate how the field can benefit and develop by taking a

more ecological approach.

The first case study focuses on the dissociation suggested by

the philosopher Ned Block, according to which the concept of

consciousness conflates two different phenomena: access con-

sciousness—our ability to report and cognitively operate on the

content of our experience—and phenomenal consciousness,

referring to the ‘‘what it is like’’ to have that experience.152

Thus far, empirical evidence supporting this dissociation has

been using paradigms that weremostly based onmemory tasks,

where participants failed to accurately recall all the items in a

given display, yet were able to extract the information when

cued (for an overview, see again Haun et al.124). This was taken

as evidence of them experiencing more than they can report.

Importantly though, these experiments only provided indirect ev-

idence for a dissociation between phenomenal and access con-

sciousness. Direct evidence seemed hard to obtain given the

need to rely on access consciousness to probe phenomenal

consciousness.

Yet, recently, such direct evidence has been suggested, in an

experiment aimed at mimicking the everyday phenomenon of

noise adaptation, when we are unaware of noises in our environ-

ment (e.g., the humming sound of a refrigerator), yet become

aware of them when they stop. This example, which draws its

strength from one’s familiarity with this common real-life experi-

ence, is often given to motivate the claim that phenomenal con-

sciousness can occur even without access.152 However, it has

never been systematically tested or demonstrated empirically.

Thus, instead of asking if we can find evidence for the ability to

retrospectively access information that participants failed to

report by relying on memory processes, this study presented a

different research question: can we get participants to deny hav-

ing an experience in real time, while later realizing that they in

fact had this experience, and even knowing how it felt. To do

that, overlayed, naturalistic everyday sounds (e.g., a baby laugh-

ing and dogs barking) were presented and gradually turned off,
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Figure 4. Ecological studies in consciousness enabling new questions
(A) Phenomenal awareness without access. Left: the experimental design in the different conditions of the study. The critical one appears in the second row: an
ongoing pink noise is presented alongside multiple sounds, which gradually disappear until only the noise remains. Participants are then asked whether they hear
anything. Then, the noise stops, and participants are asked whether they heard the change and are requested to detect which of two soundswere presented. The
table in the bottom row shows the different types of trials, based on participants’ responses. Access trials are those where participants noticed the noise when
asked. Phenomenal trials are those where they denied hearing the sound in real time but noticed the change. No-consciousness trials are those where they
denied hearing the stimulus and did not notice the change. Right: accuracy in retrospectively identifying the background noise for access trials (left), phenomenal
trials (middle), and no consciousness (right). Adapted from Amir et al.153

(B) Detecting brain areas that track the physical stimulus vs. its conscious percept using blinks. Deconvolved high-frequency broadband responses from two
patients with intracranial electrodes (columns). Responses shown to differentiate early sites (left sub-columns, green) from high-order sites (right sub-columns,
yellow) when the content of consciousness differs from the physical stimulus (voluntary or spontaneous blinks, two bottom rows), but not when gaps are
introduced to the visual stimulus itself (top row). Adapted from Golan et al.154

(C) The diminishing of the readiness potential (RP) for deliberate, non-arbitrary decisions. Middle: time course of deliberate (red shades) and arbitrary (blue
shades) easy and hard decisions in electrode Cz; Top inset: mean voltage of the RP for the time bin [�0.5, 0] before response; Bottom inset: typical scalp
distributions. Notably, the RP significantly differs from zero and displays a typical scalp distribution for arbitrary decisions only. Adapted from Maoz et al.155
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upon recognition by the participants (Figure 4A).153 In some tri-

als, a constant background noise (a pink noise, mimicking the

refrigerator hum) was introduced as well until it stopped. Some

participants, in some trials, reported not hearing the background

noise as it was playing alone but could notice when it stopped

and were highly above chance at retrospectively identifying it

in a two-alternatives forced choice task. Thus, by mimicking an

everyday phenomenon, this study was able to directly demon-

strate a retrospective phenomenal experience, to which partici-

pants had no access in real time.

The second case study where the research question was

reformulated in amore ecologicalmanner comes from the search
for the neural correlates of consciousness. Typically, researchers

look for these correlates by comparing brain activity evoked by a

stimulus presented such that it is either consciously perceived or

not. Yet here, the researchers capitalized on a phenomenon that

repeatedly occurs during a typical day—blinking. In a highly

elegant design, they compared naturally occurring blinks with

external blanks thatwere added to the stimulus,matching thedu-

rations of theblinks (Figure 4B).154 The researchers reasoned that

during the blinks, the external stimulation is de facto blocked, as

the eyes are closed, but conscious perception continues. When

external blanks are introduced, on the other hand, conscious

perception also halts. This contrast allowed to detect areas that
Neuron 112, May 15, 2024 9
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track the stimulation (e.g., theprimary visual area, V1) asopposed

to those that track conscious experience (e.g., category-selec-

tive areas).

Similarly, the ample research conducted on sleep, and espe-

cially on dreaming, also assumes that nature provides the per-

fect contrast between a vivid conscious experience and an

absence of external stimulation.156 Arguably, using dreaming

as a model system of consciousness circumvents the issue of

distilling conscious experience from task-related processes, as

no such task is involved, and from stimulus-evoked activations,

as no external stimulation is presented. In one study, high-den-

sity EEG was used to monitor the brain activity of sleeping par-

ticipants, who were periodically woken up and interviewed dur-

ing both rapid eye movement (REM) and non-rapid eye

movement (NREM) sleep epochs.157 Specific dream contents

were correlated with high-frequency EEG activity in cortical

areas that are involved in the processing of similar content during

wakefulness, suggesting that they are involved in conscious

content irrespective of external stimulation. In addition, dream-

sleep was associated with decreased low-band (1–4 Hz) activity

and increased high-frequency activity in posterior areas (but see

Wong et al.158). Sleep studies also tested for unconscious pro-

cessing,159–161 although there, the ecological approach does

not quite pertain to the research question itself, but to the means

by which the stimuli are presented such that they will not be

consciously perceived, along the lines of the first section above.

Finally, the third example we describe here involves the

debate around free will, which has evolved, to a great extent,

around the seminal work by Benjamin Libet, demonstrating

that the conscious urge to move is preceded by a readiness

potential, held to index the unconscious decision to move.162

Though this result has been extensively replicated,163 it has

almost exclusively been studied in the context of arbitrary,

meaningless, and highly artificial decisions: participants were

asked to move whenever they felt the urge to do so, with no

reason to motivate them. In everyday life, we rarely make

such movements or feel the urge to move for no reason (though

we do make arbitrary decisions, such as picking one milk

carton out of a row of identical ones, we do not wait for a

conscious urge to move our hand with no reason, like in the Li-

bet paradigm). Indeed, when a study tested the generalizability

of the Libet results to meaningful, real-life decisions (a mone-

tary donation to one of two non-profit organizations), no evi-

dence was found for the readiness potential in such decisions,

as opposed to arbitrary ones, where the classical effect was

replicated (Figure 4C).155 Here, moving one’s focus to mean-

ingful, real-life decisions substantially changed the obtained re-

sults, again demonstrating the importance of using ecological

designs (or, to the very least, testing the generalizability of

less ecological findings; see, for example, an attempt to do

so for the Trolley dilemma, using VR164).

CONCLUSIONS

Consciousness is, indeed, a fascinating but elusive phenome-

non. It is extremely difficult to study, yet so fundamental to our

existence, that we keep looking for new ways to do so. Here,

we argue that the time has come for us to look for methodologies
10 Neuron 112, May 15, 2024
that are not only well-controlled and experimentally elegant, but

also those that aspire to mimic everyday conscious and uncon-

scious processes. Changing the stimuli and the experimental

environment, exploring more natural measures, and revising

the questions we ask promise to unravel new truths about

conscious and unconscious processes, and, hopefully, also

yield more robust effects (which is much needed specifically

when studying unconscious processes, as the effects are typi-

cally weak and short lived.165). Admittedly, adopting a more

ecological approach is not simple and entails some challenges

and methodological hurdles. Some of those are especially dire

when it comes to consciousness studies (Box 1), yet they can

be overcome.

Future experimentation can go beyond current efforts in

manyways, and here, the sky really is the limit: drawing from clin-

ical psychology studies, ecological momentary assessment

(EMA)166 tools might be used to track the richness and contents

of perception as it unfolds in real-life, using mobile reporting ap-

plications. Utilizing new technologies, natural viewing patterns

while participants are interacting with screens as part of their

daily lives can be leveraged to better examine the role of atten-

tion in gating access to awareness. In addition, with current de-

velopments in artificial intelligence, being able to use neural ac-

tivity to decode the content of perception, and even of naturally

occurring unconscious representations,167 paves the way for

new types of no-report paradigms. These paradigms would

rely on such natural responses, as opposed to task-induced

ones, or incorporate technologies that allow for more naturalistic

setups to begin with, such as mobile EEG, eye-tracking devices,

or fMRI-compatible VR.168 These are only a few examples of how

consciousness studies can becomemore ecological. It is time to

get real.
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tive processing in anxiety. Psychophysiology 37, 283–288. https://doi.
org/10.1111/1469-8986.3730283.

138. Nava, E., Romano, D., Grassi, M., and Turati, C. (2016). Skin conduc-
tance reveals the early development of the unconscious processing of
emotions. Cortex 84, 124–131. https://doi.org/10.1016/j.cortex.2016.
07.011.

139. Goodale, M.A., Milner, A.D., Jakobson, L.S., and Carey, D.P. (1991). A
neurological dissociation between perceiving objects and grasping
them. Nature 349, 154–156. https://doi.org/10.1038/349154a0.

140. Goodale, M.A., Jakobson, L.S., and Keillor, J.M. (1994). Differences in
the visual control of pantomimed and natural grasping movements. Neu-
ropsychologia 32, 1159–1178. https://doi.org/10.1016/0028-3932(94)
90100-7.

141. Ganel, T., Tanzer, M., and Goodale, M.A. (2008). A double dissociation
between action and perception in the context of visual illusions: opposite
effects of real and illusory size. Psychol. Sci. 19, 221–225. https://doi.org/
10.1111/j.1467-9280.2008.02071.x.

142. Goodale, M.A. (2004). Perceiving the World and Grasping It: Dissocia-
tions Between Conscious and Unconscious Visual Processing. In The
Cognitive Neurosciences III, M.S. Gazzaniga, ed. (MIT Press),
pp. 1159–1172.

143. Goodale, M., and Milner, A.D. (1992). Separate visual pathways for
perception and action. Trends in Neuroscience 15, 20–25. https://doi.
org/10.1016/0166-2236(92)90344-8.

144. Xiao, K., and Yamauchi, T. (2015). Subliminal semantic priming in near
absence of attention: A cursor motion study. Conscious. Cogn. 38,
88–98. https://doi.org/10.1016/j.concog.2015.09.013.

145. Sayim, B., and Wagemans, J. (2017). Appearance changes and error
characteristics in crowding revealed by drawings. J. Vision 17, 8.
https://doi.org/10.1167/17.11.8.

146. Varela, F.J. (1996). Neurophenomenology: A methodological remedy for
the hard problem. J. Conscious. Stud. 3, 330–349.

147. Froese, T., Gould, C., and Seth, A.K. (2011). Validating and calibrating
first-and second-person methods in the science of consciousness.
J. Conscious. Stud. 18, 38.

148. Petitmengin, C., Remillieux, A., and Valenzuela-Moguillansky, C. (2019).
Discovering the structures of lived experience: Towards a micro-
phenomenological analysis method. Phenomenol. Cogn. Sci. 18,
691–730. https://doi.org/10.1007/s11097-018-9597-4.

149. Chuyin, Z., Koh, Z.H., Gallagher, R., Nishimoto, S., and Tsuchiya, N.
(2022). What can we experience and report on a rapidly presented im-
age? Intersubjective measures of specificity of freely reported contents
of consciousness. F1000Research 11, 69. https://doi.org/10.12688/
f1000research.75364.2.

150. Fei-Fei, L., Iyer, A., Koch, C., and Perona, P. (2007). What do we perceive
in a glance of a real-world scene? J. Vision 7, 10. https://doi.org/10.1167/
7.1.10.

http://refhub.elsevier.com/S0896-6273(24)00238-1/sref99
http://refhub.elsevier.com/S0896-6273(24)00238-1/sref99
https://doi.org/10.1016/j.tics.2006.09.001
https://doi.org/10.1016/j.tics.2006.09.001
https://doi.org/10.1007/s10055-020-00450-w
https://doi.org/10.1007/s10055-020-00450-w
https://doi.org/10.3389/fpsyg.2014.00356
https://doi.org/10.1068/i0436
https://doi.org/10.1371/journal.pone.0268577
https://doi.org/10.1371/journal.pone.0268577
https://doi.org/10.1016/j.tics.2024.01.010
https://doi.org/10.1016/j.neuroimage.2015.11.059
https://doi.org/10.1016/j.neuroimage.2015.11.059
https://doi.org/10.1038/s41586-020-2245-5
https://doi.org/10.1038/s41586-020-2245-5
https://doi.org/10.1093/nc/niw023
https://doi.org/10.1016/j.tics.2015.10.002
https://doi.org/10.1523/JNEUROSCI.4403-13.2014
https://doi.org/10.1523/JNEUROSCI.4403-13.2014
https://doi.org/10.1016/j.tins.2015.02.002
https://doi.org/10.1037//0096-3445.127.3.304
https://doi.org/10.1177/0956797610394659
https://doi.org/10.1016/j.visres.2009.05.018
https://doi.org/10.1111/j.1467-9280.2009.02443.x
https://doi.org/10.1016/j.cub.2012.04.023
https://doi.org/10.1016/j.cortex.2020.11.014
https://doi.org/10.1037/a0022619
https://doi.org/10.1093/nc/nix021
https://doi.org/10.1093/nc/nix021
https://doi.org/10.1037//0021-843x.103.2.231
https://doi.org/10.1037//0021-843x.103.2.231
https://doi.org/10.1111/1469-8986.3730283
https://doi.org/10.1111/1469-8986.3730283
https://doi.org/10.1016/j.cortex.2016.07.011
https://doi.org/10.1016/j.cortex.2016.07.011
https://doi.org/10.1038/349154a0
https://doi.org/10.1016/0028-3932(94)90100-7
https://doi.org/10.1016/0028-3932(94)90100-7
https://doi.org/10.1111/j.1467-9280.2008.02071.x
https://doi.org/10.1111/j.1467-9280.2008.02071.x
http://refhub.elsevier.com/S0896-6273(24)00238-1/opt87JNF0XfmV
http://refhub.elsevier.com/S0896-6273(24)00238-1/opt87JNF0XfmV
http://refhub.elsevier.com/S0896-6273(24)00238-1/opt87JNF0XfmV
http://refhub.elsevier.com/S0896-6273(24)00238-1/opt87JNF0XfmV
https://doi.org/10.1016/0166-2236(92)90344-8
https://doi.org/10.1016/0166-2236(92)90344-8
https://doi.org/10.1016/j.concog.2015.09.013
https://doi.org/10.1167/17.11.8
http://refhub.elsevier.com/S0896-6273(24)00238-1/sref122
http://refhub.elsevier.com/S0896-6273(24)00238-1/sref122
http://refhub.elsevier.com/S0896-6273(24)00238-1/sref123
http://refhub.elsevier.com/S0896-6273(24)00238-1/sref123
http://refhub.elsevier.com/S0896-6273(24)00238-1/sref123
https://doi.org/10.1007/s11097-018-9597-4
https://doi.org/10.12688/f1000research.75364.2
https://doi.org/10.12688/f1000research.75364.2
https://doi.org/10.1167/7.1.10
https://doi.org/10.1167/7.1.10


ll
OPEN ACCESSPerspective

Please cite this article in press as: Mudrik et al., Taking consciousness for real: Increasing the ecological validity of the study of conscious vs. uncon-
scious processes, Neuron (2024), https://doi.org/10.1016/j.neuron.2024.03.031
151. Hirschhorn, R., and Mudrik, L. (2023). More than words: Can free reports
adequately measure the richness of perception?. a project by OSF.
https://doi.org/10.17605/OSF.IO/R73KP.

152. Block, N. (1995). Ona confusion about a functionof consciousness.Behav.
Brain Sci. 18, 227–247. https://doi.org/10.1017/S0140525X00038188.

153. Amir, Y.Z., Assaf, Y., Yovel, Y., and Mudrik, L. (2023). Experiencing
without knowing? Empirical evidence for phenomenal consciousness
without access. Cognition 238, 105529. https://doi.org/10.1016/j.cogni-
tion.2023.105529.

154. Golan, T., Davidesco, I., Meshulam, M., Groppe, D.M., Mégevand, P.,
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