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In the cognitive neuroscience of consciousness, participants have commonly been instructed to report their conscious content. This, it was claimed, risks confounding the neural correlates of consciousness (NCC) with their preconditions, i.e., allocation of attention, and consequences, i.e., metacognitive reflection. Recently, the field has therefore been shifting towards no-report paradigms. No-report paradigms draw their validity from a direct comparison with no-report conditions. We analyze several examples of such comparisons and identify alternative interpretations of their results and/or methodological issues in all cases. These go beyond the previous criticism that just removing the report is insufficient, because it does not prevent metacognitive reflection. The conscious mind is fickle. Without having much to do, it will turn inward and switch, or timeshare, between the stimuli on display and daydreaming or mind-wandering. Thus, rather than the NCC, no-report paradigms might be addressing the neural correlates of conscious disengagement. This observation reaffirms the conclusion that no-report paradigms are no less problematic than report paradigms.
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INTRODUCTION

When you are conscious, you are always conscious of something. Being conscious is often associated with states such as “being awake”, and “being responsive” as opposed to “anesthetized,” or “comatose”. State-based, or intransitive, characterizations of consciousness may be useful for clinical purposes, but they can also be confusing; see the debate about whether persistent vegetative state patients can be conscious (Owen et al., 2006). In particular, such definitions are rather uninformative about what it means to be conscious of something, also known as transitive consciousness (Rosenthal, 2009). When analyzing transitive consciousness, Block (1995, 2005) distinguishes phenomenal and access consciousness. Whereas phenomenal consciousness refers to a person having a certain sense of something, namely a sense that comes with a distinct, subjectively experienced quality, access consciousness is the availability of sensed content for use in processes such as reasoning and action (Block, 1995).

The dual aspects of transitive consciousness, subjective experience, and meaningful content, also play a key role in a recent attempt at a definition by Pereira and Ricke (2009). According to their definition, the requirements for consciousness encompass three elements: content, a person to experience the content as being meaningful, and a link of the content with the person’s behavior (p. 43). Content can be sensed without being experienced (e.g., blindsight, skillful automatic behaviors when driving a car); conversely experience may sometimes be characterized by absence, severely degraded, or diminished content (vegetative state, speaking in tongues, delusions, etc.). But in everyday vanilla consciousness, subjective experience and content go hand in hand. Let that be our working characterization of consciousness: a degree of both will have to be ascribed to a person to call them conscious.


Neural Correlates of Consciousness

Whereas consciousness is typically ascribed to a person, cognitive neuroscience believes it to originate at the subpersonal level. Opinions differ on almost every aspect of how these levels are connected. Few researchers would doubt, however, that the neural substrate must be at the core of subpersonal level explanation (Sterzer et al., 2009). Koch (2018) defines the neural correlates of consciousness (NCC) as the “minimal neuronal mechanisms jointly sufficient for any specific conscious experience”. By speaking of “specific conscious experience”, this approach aims to distinguish NCC from general enabling factors, such as the presence of certain factors regulating arousal that are necessary for a conscious state, e.g., wakefulness (Mormann and Koch, 2007). We may think of enabling conditions as state consciousness and its prerequisites, whereas NCC regards transitive consciousness.

By speaking of “correlates”, the definition of NCC is careful to avoid any commitment to doctrines of mind-brain relationship such as dualism (mechanisms that cause or produce consciousness), supervenience (mechanisms that instantiate consciousness), or identity theory (mechanisms that constitute consciousness). By emphasizing correlates over causes, the definition undervalues research contributions using brain stimulation to influence conscious contents (Selimbeyoglu and Parvizi, 2010). The NCC program is focused on research paradigms that allow us to infer the NCC from the neural signals observed in experiments using a range of available neuroimaging techniques, such as functional magnetic resonance imaging (fMRI), electroencephalography (EEG), or magnetoencephalography (MEG), and a range of invasive techniques, mostly for use in nonhuman animals (Gamez, 2014). However, there is a good degree of overlap between the methods used in both (Kim and Blake, 2005; Tong et al., 2006).

The concept of NCC purports to be neutral with respect to theories of consciousness. However, its definition is less neutral than it seems. To begin with, it speaks of “jointly sufficient” mechanisms. This phrase implies that consciousness is an intrinsic property of certain brain states. This excludes a notion of consciousness as a product of contextual emergence, in which some but not all of the conditions for a higher-level phenomenon exist at a lower level (Bishop and Atmanspacher, 2006; Jordan and Ghin, 2006; van Leeuwen, 2007). Contextual emergence regards consciousness as a synergistic phenomenon different from its interacting component mechanisms, driven, at least in part, by dynamics at the level of the person and its interaction with its environment, exercising downward causality on its components. Contextual emergentism provides a natural framework for, for instance, theories that view consciousness at the personal level as grounded in learning (Cleeremans et al., 2020), coordination behavior (Solfo and van Leeuwen, 2018), or from neural prediction failure (e.g., Solms and Friston, 2018; Luczak and Kubo, 2022), Adopting the notion of NCC as defined puts these views in a reductionist straightjacket.

Moreover, the definition speaks of “minimal” jointly sufficient neural mechanisms. This suggests that a limited set of core mechanisms should be isolated. It follows that certain neural mechanisms are redundant, or spurious correlates of consciousness (Aru et al., 2012; de Graaf et al., 2012). de Graaf et al. (2012) distinguish between neural prerequisites and neural consequences of conscious experience. Prerequisites may elicit, facilitate, or moderate an NCC but are not necessary for consciousness to occur. Neural consequences of consciousness, in turn, could be elicited, facilitated, or moderated by NCC but the occurrence of consciousness does not depend on that.

The minimalism of Koch (2018) is poised to consider attention a prerequisite, rather than a genuine NCC. Koch and Tsuchiya (2007) emphasize that there are instances where consciousness occurs without a need for top-down attention (i.e., priming). We find this less than convincing. Priming also occurs without consciousness, e.g., in masked priming experiments (Forster and Davis, 1984, but see Holender, 1986 for a critique of this understanding). This double dissociation might suggest that priming is an independent mechanism that only incidentally is associated with consciousness (e.g., it involves the “content” but not necessarily the “experience” component of consciousness).

Mack and Rock (1998) argued that consciousness cannot occur without attention. A conspicuous item in a scene may be missed if attention is occupied elsewhere. A famous illustration of this in attentional blindness phenomenon is the “invisible gorilla” (Simons and Chabris, 1999). Participants were instructed to watch a video of a basketball game and count the passes made by a certain team. At some point in the video, a person wearing a gorilla costume walked through the scene. Interestingly, half of the participants did not notice the gorilla as their attention was occupied with counting the passes.

The role of attention in consciousness has led Graziano and Kastner (2011) to propose the Attention Schema Theory (AST). AST views subjective consciousness (referred to as awareness) as a simplified model of attention. It suggests that awareness is a reconstruction of our attentional processes that facilitates our control over them. During this process of reconstruction, the attention schema leads the brain to think that it has a subjective experience of stimuli (Graziano and Webb, 2015). Let this be sufficient to illustrate that opinions differ on whether attention is a mere prerequisite of consciousness, or even whether trying to eliminate it from your studies is beneficial.

Koch’s (2018) minimalism is likewise biased to consider certain processes as neural consequences of consciousness rather than NCC which others have considered necessary, such as judging a stimulus, keeping their answer in working memory, and deciding on a response. Some of these processes have introspective and meta-cognitive components. Introspection involves observation and examination of one’s own emotional and mental processes, metacognitive processes involve cognitive reflections on subjective experiences (Michel, 2017). Higher-order theories argue that consciousness crucially depends on processes representing oneself as being in a particular mental state (Lau and Rosenthal, 2011). According to Shea and Frith (2019), introspective and metacognitive processes are essential for presenting information in an integrated format global required for access to the global workspace, the purported “theatre of consciousness” (Baars, 1988).

In sum, Koch’s minimalism directs the research focus on a rather narrow set of neural mechanisms and induces researchers to disentangle them from a set of closely related ones. This even includes processes other researchers consider essential to consciousness. Koch’s project is one of high stakes and long odds, which has had quite considerable resonance recently. Perhaps, some ten years later, it is time to take stock, to see what this proposal has brought us.




PARADIGMS FOR INVESTIGATING CONSCIOUSNESS

For observing NCC, two experimental design strategies exist in principle: direct and indirect approaches (Overgaard, 2017). Direct approaches involve self-reports of subjective experience, and are collectively labeled “report-based paradigms”. Indirect approaches refer to measurements that seek to infer experience from behavioral or brain data rather than subjective reports and are, thereby, referred to as the “no-report paradigms” (Tsuchiya et al., 2015).

It might seem intuitive to rely on verbal or behavioral reports to ensure subjects were conscious of a specific stimulus as these subjective experiences are only directly available to those who experience them (Tsuchiya et al., 2015; Fazekas and Overgaard, 2018). We need such first-person evidence of an experience, it might appear, to associate it with some neural signal. Yet, the need to report conscious content may invoke neural prerequisites and consequences, in addition to NCC (Aru et al., 2012; Tsuchiya et al., 2015). For instance, in order to report a conscious experience, it may be necessary to invest attentional resources in a stimulus (Koch and Tsuchiya, 2007; Tsuchiya and Koch, 2014), thereby invoking a neural prerequisite. The report will also invoke introspective and metacognitive processes. The neural mechanisms behind these processes might qualify as neural consequences (Aru et al., 2012; de Graaf et al., 2012). In a report paradigm, these supposedly spurious correlates would always co-occur with the NCC, and hence it would be impossible to disentangle them from the NCC (Michel, 2017). Report-based paradigms would, therefore, lack the specificity needed to identify the minimal set of processes related to the subjective experience.

Thus, the major impetus by researchers such as Koch and Tsuchiya has been to drive researchers away from report paradigms. No-report paradigms opt to study NCC by eliminating self-report (Block, 2019). No-report paradigms, therefore, face the problem of how to establish conscious experience without first-person evidence. Researchers have found elegant solutions to these problems. According to Block (2019), these paradigms do not exclude metacognitive reflection. We will discuss specific examples of no-report paradigms and analyze their results. Our analysis will mainly focus on a number of studies that have been brought forward to demonstrate the merit of no-report paradigms. As we will observe, these studies often have alternative explanations and face methodological problems. The more general of these problems goes beyond the earlier criticisms by Block (2019) and, in fact, also apply as well to his proposed solution.


Report-Based Paradigms

Traditionally, research investigating the neural basis of consciousness relied on report-based paradigms (Michel, 2017). A typical paradigm of this kind should allow differentiating changes in conscious experience from neural events associated with changes in the environment. A popular paradigm uses ambiguous stimuli (e.g., the Necker cube); this allows that the stimulus is kept physically constant, while the conscious experience varies over time (de Graaf et al., 2012; Tsuchiya et al., 2015). We may distinguish between onset-ambiguity paradigms, in which observers report their percept following short exposures of the stimulus at different trials (Kubovy and Wagemans, 1995; Nikolaev et al., 2008; Kornmeier and Bach, 2012) and perceptual switching paradigms, allowing perceptual switching during prolonged exposure to a stimulus (Einhäuser et al., 2004; Nakatani and van Leeuwen, 2006). In both paradigms, the sequence of conditions in the experiment is defined by the participant’s response and not, as usual, determined by the experimenter (de Graaf et al., 2012).

In onset-ambiguity paradigms, the neural activity of the participant is aligned with stimulus onset, and event-related components are extracted. These are classified according to the report, in order to determine those that covary with the conscious experience. This procedure facilitates the extraction of early evoked components of the brain signal.

Nikolaev et al. (2008) used an onset paradigm with ambiguously oriented dot lattices as stimuli, with different degrees of ambiguity based on the Gestalt principle of grouping by proximity. Two early components (C1 and P1) were associated with the response; only the first one positively correlated with the proximity principle.

In a subsequent examination of the data by Nikolaev et al. (2008), Nikolaev et al. (2016) observed that responses unrelated to proximity were informed by intrinsic perceptual bias, such as a preference for the vertical orientation. The authors concluded that such biases determine the response when working memory operations intermittently weaken the first signal (C1). A regulatory, attentional mechanism dynamically moderates the responses, depending on the relative strength of the evoked components. This mechanism is revealed by fluctuations in the strength of an ongoing alpha component (Nikolaev et al., 2016).

We may wonder, whether any of the evoked components, C1 or P1, or the ongoing alpha in isolation would uniquely be responsible for consciousness. Rather, it is the particular way in which they dynamically interact that determines the sequence of conscious responses in its entirety. If this were the rule, it would mean that we cannot isolate any spurious correlates as prerequisites or consequences of NCC. The sequence of conscious reports is better described as emergent from the interplay of sensory perception, perceptual bias, working memory, and regulatory mechanisms for the allocation of attention.

A switching paradigm is typically used to study binocular rivalry (Doesburg et al., 2005). As illustrated in Figure 1, an ambiguity is created by presenting rivaling stimuli in each eye. Typically, only one of the simultaneously presented stimuli is consciously perceived. Which of the rivaling stimuli is presently in consciousness is reported through a button press. Perceptual switches are contrasted with a replay, in which the same stimuli are presented yoked to both eyes. This contrast enables a focus on mechanisms controlling spontaneous switches in perception, as opposed to changes in the stimulus. Switches were found to be correlated with short bursts of increased global Gamma-(30–50 Hz) band phase synchrony in EEG, which are absent prior to the onset of the perceptual event (Doesburg et al., 2005). The increase in the global γ-band phase may be a neural correlate of perceptual consciousness. The effect is similar to that found with switches in ambiguous figures like the Necker cube (Nakatani and van Leeuwen, 2006).
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FIGURE 1. Illustration of the Binocular Rivalry task. (A) Depiction of two different stimuli (i.e., face and house). Each is presented simultaneously to one eye, which leads to binocular rivalry as indicated by differences in perception. (B) In contrast, illustration of a yoked stimulus (each stimulus is matched to the rivalry condition). This condition involves the presentation of the same stimuli consecutively without rivalry. Reprinted with permission from the publisher of “Binocular Rivalry and Visual Awareness in Human Extrastriate Cortex” by Tong et al. (1998). Copyright (1998) by Cell Press.



In the switching paradigm, event-related signals are typically aligned with the report of the switch. It takes time for the switch to occur, so prolonged exposure to the stimuli is needed. This means that the role of oculomotor behavior needs to be taken into account. In studies with the Necker cube, eye position (Einhäuser et al., 2004), as well as saccade direction (Nakatani et al., 2012) and blink timing (Nakatani and van Leeuwen, 2013; Brych et al., 2021), are shown to moderate perceptual switches. This further suggests that conscious reports cannot be reduced to a minimal set of isolated neural events, but instead relate to a dynamic scenario. In ambiguous figures, early processes are laying out multiple interpretations (Nikolaev et al., 2008), overt and covert attentional processes bias the selection (Nakatani et al., 2012), and moderate the switching and the role of gamma bursts in it (Nakatani and van Leeuwen, 2006). A conscious event like switching cannot be reduced to gamma burst, for instance, as the only genuine NCC, but spans a much longer and complex dynamical process.

The examples discussed illustrate, on the one hand, that report paradigm data can be explained in terms of a dynamic synergy of a broad range of component mechanisms. This may be welcomed as a case in point for contextual emergentism. On the other hand, it would not impress the protagonists of minimalist NCC, who understand such a conclusion as a mere illustration of how confounded report paradigms are.



No-Report Paradigms

No-report paradigms rely on eye-movement, neuro-imaging, or physiological measures as indicators of consciousness. In the context of visual perception, measures of eye movements or pupil size are particularly useful. Researchers have shown considerable inventiveness in devising such measures. Ideally, they are first validated using the report paradigm and are then used to infer perceptual contents, thereby functioning as “perceptual readouts” in no-report conditions (Overgaard and Fazekas, 2016; Block, 2019).


No-Report Flash Suppression

Wilke et al. (2009) conducted a study in monkeys using an onset ambiguity task called generalized flash suppression. A salient target stimulus (a red disk) was presented, followed by the sudden onset of a moving random dot pattern. Under well-established conditions, the target disappears completely for several seconds. Precise calibration of the conditions allows stimuli to be ambiguous, in the sense that the disk disappears about half of the time. The main experiment followed the procedure of a report paradigm. The monkeys had been trained long hours with non-ambiguous stimuli to report whether the disk had disappeared, and trials were sorted accordingly. Recording targeted neuronal spiking as well as population behavior in LGN and the pulvinar. In the latter area, effective flash suppression had approximately the same effect on neuron spiking as physically removing the target stimulus from the screen, whereas it left the firing of LGN neurons unaffected. This result suggests that selection does not arise early in the visual system.

Whereas these results are obtained with a report paradigm, in a control experiment monkeys were exposed to passive viewing. This offers us a first occasion to see, to what extent a no-report paradigm is able to eliminate spurious correlates and disentangle NCC. In this condition, however, no ambiguous stimuli could be used. Instead, the likelihood of suppression was determined by using unambiguous stimulus configurations, each of which definitely either does or does not lead to suppression.

As far as neuronal spiking was concerned, the effects in the control experiment were no different from the main experiment. However, neuronal population behavior as recorded by local Field Potentials (LFP) showed a remarkable difference between report and no-report experiments. LFP represents summed electrical potential from a population of neighboring neurons (Sharott, 2014). It is believed to reflect synaptic activity or input received by the observed area (Einevoll et al., 2013; Tsuchiya et al., 2015). In the report condition, reduction of power in the alpha and beta frequency bands (9–30 Hz) of the LFP was observed in the pulvinar in association with perceptual suppression. However, no such effect was observed in the passive viewing experiment (Wilke et al., 2009). The authors suggested that this might be related to the role of the pulvinar in attention, decision-making, or behavioral planning.

According to Tsuchiya et al. (2015), this finding illustrates that the report paradigm can lead to the misattribution of neural signals to conscious experience. However, this could be questioned. A notable asymmetry between both experiments is that in the report condition, stimuli were ambiguous, and in the no-report control condition they were not. An effect of ambiguity in the beta band of EEG was observed in yet another analysis of Nikolaev et al. (2010). The more ambiguous the stimulus, the more reduced the stimulus-evoked synchrony in the beta band (around 20 Hz). These evoked synchronies were observed over occipital and occipito-parietal regions of the cortex, above the extrastriate areas from which the pulvinar receives extensive input. Nikolaev et al. (2010) interpreted the evoked synchrony as facilitating the global broadcasting of visual information. The less ambiguous the stimulus the more stimulus information there is to be broadcasted, and so the longer the duration of the synchrony. In Nikolaev et al. (2010), the evoked synchrony arose earlier and lasted shorter than in Wilke et al. (2009), and the effect of ambiguity was the opposite. This might well be a result of the difference in stimuli or task. However, it will be clear that stimulus ambiguity can be a confounding factor in the comparison between report and no-report conditions.



No-Report Binocular Rivalry With Nystagmus

Studies of binocular rivalry using the report paradigm found activation in the prefrontal and parietal cortex, which led researchers to conclude that higher-order processes are essential for a conscious experience (e.g., Sterzer et al., 2009). Frässle et al. (2014) challenged this idea by proposing that the use of subjective reports was responsible for the prefrontal activation, not the conscious perceptual switches (Michel, 2017). To test this assumption, they used a no-report version of the binocular rivalry paradigm. Instead of reports, they employed a phenomenon called Optokinetic nystagmus (OKN). OKN occurs in eye movement relating to the pursuit of a moving stimulus. It consists of two alternating phases. In the slow phase, OKN follows the perceived direction of the movement. In the fast phase, the eye saccades back in the opposite direction to reset the eye position (Leopold et al., 1995).

When an observer is presented with stimuli moving in opposite directions in each eye, perceptual rivalry occurs. One of the rivalrous movement directions will become perceptually dominant while the other is suppressed. Which one is dominant can be inferred from the directions of the slow pursuit and fast reset of OKN (Frässle et al., 2014).

After demonstrating that OKN correlates with self-reports of perceptual dominance, Frässle et al. (2014) compared a condition, in which the perceived direction was reported, with a no-report one, in which it was inferred from OKN. As shown in Figure 2, they found that activity related to switching was less intense overall in the no-report condition compared to the report condition. In particular, bilaterally the activation in the middle frontal gyrus completely disappeared in the no-report condition. This led the researchers to conclude that this activity was unlikely to be driving the switching behavior. Rather, it is associated with neural consequents such as monitoring and evaluation in preparation for the report.
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FIGURE 2. fMRI results of Report vs. No-Report Binocular Rivalry. fMRI blood oxygen level-dependent (BOLD) contrasts between perceptual switches and yoked stimulus during binocular rivalry revealed lower activity in the prefrontal cortex in the report condition (A) compared to the no-report condition(B). Adapted with permission from the publisher from “No-Report Paradigms: Extracting the True Neural Correlates of Consciousness,” by Tsuchiya et al. (2015). Copyright 2015 by Cell Press.



The middle frontal gyrus is a region where dorsal and ventral attention networks converge and is believed to control the switch from the dorsal ongoing endogenous attentional processes to an exogenous stimulus (Japee et al., 2015). It belongs to a subsystem of the Default Mode Network (DMN). The DMN is related to a broad range (Kawagoe and Kase, 2021) of inward experiences (Spreng et al., 2009); in particular, the middle frontal gyrus subsystems have been preferentially related to thinking about the future self (Xu et al., 2016). This observation allows an alternative interpretation of the results of Frässle et al. (2014). It might be a mistake to think that by eliminating the report, the mechanisms of conscious experience keep doing exactly the same. Presumably, when the task changes to passive viewing, we become less involved in the stimulus; it becomes boring and monotonous, and the mind starts to wander (Smallwood and Schooler, 2006). Mind wandering and daydreaming are related states that can arise spontaneously and are characterized by a peculiar dynamic that allows thought to turn inward (Christoff et al., 2016). According to this dynamic, spontaneous mind wandering can alternate with periods of focused attention over the course of intervals of variable length (Nakatani et al., 2019, 2021). This may be the reason why contrasts are attenuated in the no-report paradigm (Barron et al., 2011). One’s future self is one of the subjects that feature prominently in mind wandering and daydreaming (Stawarczyk et al., 2013). In absence of report, the middle frontal gyrus may have changed its role from controlling switching to controlling the switching, or time-sharing, between attention to the task and the ongoing inner experience. This is why the contrast with replay in Frässle et al. (2014) disappears. In other words, the disappearance of the effect may not be a sign that the medial frontal gyrus is a mere neural consequent in conscious experience, but rather a sign that consciousness in the no-report condition finds an occupation elsewhere. In other words, it is important to realize what major reorientations take place in consciousness between report and no-report conditions, namely a disengagement from the task.



Inattentional Blindness

To avoid the problems involved in a direct comparison between report and no-report conditions, Pitts et al. (2014) adopted an inattentional blindness paradigm consisting of three phases. In Phase one, participants performed a distractor task while a critical but unexpected stimulus was also presented. Following this phase, the participants were questioned whether they had been aware of the critical stimulus (inattentional blindness was found in at least half the participants). In Phase two, due to the intervening questions asked, the participants were aware of the critical stimulus but still performed the distractor task. In the third phase, participants were asked to attend to the critical stimulus and perform a task associated with it.

Contrasting EEG recordings from the first and the second phase (awareness vs. unawareness) should reveal NCC. On the other hand, contrasting the neural activity of the second and the third phase should reveal activity related to reporting. Previous EEG research using report-based paradigms found increased gamma-band activity as well as the P3 component (a late component of ERP observed 300 ms after an event) associated with consciousness (e.g., Batterink et al., 2012). These findings turned out robust only for the second comparison and not the first. This led the researchers to conclude that such neural activity is related to reporting and does not identify an NCC (Pitts et al., 2012, 2014).

These findings, however, should not surprise anyone, given the extraordinary task-specificity of EEG. The same task was used in Phases 1 and 2; a different one in Phase 3. Now the intended contrast between Phases 2 and 3 is obviously report/no-report. But there are confounding differences between these phases, such as: target identity, target history (e.g., the fact that the target of Phase 3 may have lost the salience it had in Phase 2), and time on task; comparison of the first two phases may suggest that the effects in ERP and gamma are not selective to consciousness; any comparison with Phase 3, however, is inconclusive because of confounding.



No-Report Binocular Rivalry With a Fixation Task

A close-up view of the studies highlighted in Tsuchiya et al. (2015) as exemplars of the no-report paradigm reveals that none of these studies unambiguously demonstrates that frontal activation in conscious experience is a confound of reporting the percept. In the years since these seminal studies were published, the no-report paradigm has evolved further, which has alleviated some of the concerns. As a recent example, consider Hesse and Tsao’s (2020). In a binocular rivalry, macaques were continuously presented with a taco image in one eye and a face image in the other. To eliminate the report, a fixation task was used. A fixation cross was presented at one of the four corners of each image. The fixation cross jumped between the corners, differently for the face image and the taco image. Hence, the dominant percept could be identified, based on which fixation cross was tracked. In the physical condition, the monkeys were monocularly presented with alternations of the face and the taco image. The researchers collected recordings from a novel 128-electrode site probe in the macaques’ inferior temporal cortex. Mainly they focused on the middle lateral (ML) and the anterior middle (AM) regions, also known as face patches. Their observations show that neuronal activity is modulated by the percept. With this, they arguably show a correlate of consciousness as envisaged by Koch (2004). The result is not affected by previous issues relating to disengagement from the task, as tracking the fixation cross is engaging in its own right. However, their results also show that neuronal activity is modulated by both the percept and the physical stimulus. In fact, the latter modulation is stronger than the former. This suggests, consistently with Wilke et al. (2009), that binocular rivalry is not completely resolved at the level of the inferotemporal cortex (IT; cf. Zou et al., 2016). Authors write: “It remains an open question where and how the conscious percept is ultimately isolated from the suppressed stimulus to produce conscious awareness of the former and not the latter.” We may comment: the current no-report paradigm does not exclude a role for the frontal system in this process.





CONTRIBUTION OF THE NO-REPORT PARADIGM

We have seen researchers use inventive designs to overcome the problem of how to identify the percept without report. The no-report approach envisaged demonstrating that certain processes that are correlated with consciousness are, in fact, not NCC but preconditions or consequences. They claimed that these are confounded in NCC because they are elicited by the need to report.

To show this it is necessary to compare report and no-report conditions. However, this turns out more difficult than expected. We discussed several examples brought forward by Tsuchiya et al. (2015) to show contrasts between both paradigms; in particular regarding the involvement of the prefrontal cortex (Block, 2019). We found alternative explanations and/or serious methodological flaws in all these studies. The case, in our opinion, is far from closed.


Limitations of the No-Report Paradigm

If no gain can be won from a direct comparison between report and no-report conditions, let us consider the merits of the no-report paradigm in its own right. First of all, how well might it be expected to do on its own terms, in highlighting NCC at the expense of their neural prerequisites and consequences?


No-Report Paradigms May Still Be Over-Inclusive

No-report may not be free from post-NCC neural activities as consciousness. Even if a participant is not asked to report what they see, they might not refrain from giving attention to the stimulus, introspecting on their experience, or developing a meta-cognitive awareness. Block (2020) called this the “bored monkey” problem, suggesting that this is because participants have too little to do.

To overcome this problem, Block (2019) suggested a no-cognition paradigm. As a variant of the no-report paradigm, this paradigm involves presenting stimuli that are perceived but do not draw attention, and thus do not give rise to post-perceptual processes. As an example, he cites Brascamp et al. (2015), a study in binocular rivalry presenting moving dots to both eyes, part of which move coherently in orthogonal directions between both eyes. Frequent switches in the actual physical movement direction of the dots reduce the saliency of switches in eye dominance. This reduced the effect of switches in dominance in frontal areas compared to the condition where the switch was conspicuous. Whereas this may show that the switches are not initiated in the frontal areas, it does not speak against their involvement in their conscious awareness (Philips and Morales, 2020). As we have seen with switches, they can be caused by sensory or oculomotor events. All it shows is that their conscious perception does not differ from similarly inconspicuous changes that are sensory in origin, as they occur in the stimulus.

While it could be argued that Brascamp et al.’s (2015) study evaded the “bored monkey” problem, there is another problem that remains unaddressed. We encountered this problem in our detailed account of the No-Report- Binocular Rivalry with Nystagmus. Namely, without a task, the participant is likely to disengage from the stimulus and engage in mind wandering or daydreaming Mind-wandering and daydreaming are states that arise spontaneously (Christoff et al., 2016) in a dynamic that alternates with focused attention to the stimulus. Thus, the effects observed in the no-report paradigms maybe something else than NCC.

Most importantly, it is not sufficient to compare report and no-report conditions by just eliminating the report, keeping everything else constant. Manipulating one factor at a time is a good practice of experimental design, but here, this just is going through the motions. In fact, eliminating report from the task dramatically changes the cognitive load, and makes the task less engaging. Consciousness is fickle; in case a task is less engaging the mind will find other things to do. Mind-wandering and daydreaming will inevitably creep in. As a result, the contrasts between report and no-report, rather than revealing NCC, may reveal the neural correlates of mental disengagement and a mind turned inward.

In addition, the no-report paradigm may still be overinclusive regarding unconscious neural processing (Tsuchiya et al., 2015). The incorporation of unconscious neural processing in NCC is particularly relevant in binocular rivalry studies, a prime example of the no-report paradigm. However, the switches that are measured and aimed to reflect conscious perception changes can actually be found in several different stages of information processing (Frässle et al., 2014). Studies show that pupil size and the associated eye movement can also be seen in pre-conscious events (Vandenbroucke et al., 2014; Firestone and Scholl, 2016). Moreover, the results obtained through binocular rivalry experiments using no-report paradigms do not converge. Frässle et al. (2014), which we discussed, found that reports matched the objective eye movement measures while the differential neural activity of frontal areas was observed. On the other hand, Kapoor et al. (2018) and Kapoor et al. (2019) investigating electrophysiological signals in prefrontal areas of monkeys, found that prefrontal cortex activation, namely neuronal discharges, were “robustly modulated in accordance with the animal’s conscious perception”. Further, they found that the spiking activity elicited was similar to this perceptual modulation’s strength. They concluded that the prefrontal activity during a no-report binocular rivalry paradigm was related to consciousness in visual perception.

Finally, binocular rivalry not only occurs in visible stimuli but also has been shown in invisible stimuli in humans (Zou et al., 2016). Many animals including species that are not closely related to humans such as fruit flies (Miller et al., 2012) have been shown to act in resemblance to rivalry-like state changes in humans. Consequently, the binocular rivalry is not purely a conscious process (Aru et al., 2012), and is not a dependable measure of consciousness when used single-handedly.



No-Report May Be Underinclusive

Besides the issue of overinclusion, no-report paradigms may also be underinclusive. That is, some concepts, particularly abstract ones that lack a perceivable referent, may not become conscious before an attempt is made to express them (Kiefer and Pulvermüller, 2012; Dove, 2016). Are we really aware of something abstract, like love or modesty, without verbalizing (Paivio, 1990) or imaging it? Even if a stimulus is sensed, sometimes it may only be possible to fully perceive consciously what we have registered through post-perceptual processes (Kemmerer, 2015). If the participant is shown some unknown vehicle and then is asked: “Did you see the Terrafugia?”, this will induce a post-perceptual interpretation process that will disambiguate and retrospectively enrich the content of the experience. Are we justified in excluding the retrospective element from NCC, or is the experience incomplete without it? In this respect, it is relevant that, for instance, Hesse and Tsao’s (2020) no-report paradigm confirms that the selection of the percept is incomplete at an earlier visual level. Therefore, it is possible for no-report paradigms to include NCC as well. In sum, no-report paradigms were conceived as an attempt to deal with the problems of overinclusiveness of the report paradigms. Despite their promise, they face their own unique challenges.





CONCLUSION

Opinions differ as to which neural mechanisms and processes are essential for consciousness. Researchers promoting a restricted view have pushed for no-report paradigms to clear their results of, what they believe, are confounds. We have taken a closer look at the results of no-report paradigms brought forward to show that certain processes, especially in the prefrontal cortex, are non-essential. We found these results unconvincing, beset with alternative explanations and methodological flaws. No-report paradigms tend to be less engaging than report paradigms, and therefore attenuate the signal. The disengagement of pre-frontal cortex could be understood as a qualitative change in consciousness, in which it turns inward and engages in daydreaming and mind-wandering. Considered on its own terms, no-report paradigms could still fail to eliminate spurious correlates, either because these mechanisms are actually necessary or whether they are deployed habitually. People (and other animals) may pay attention to the stimulus and reflectively observe their experience, even when they’re instructed not to do so, as an absence of a report does not automatically make participants passive subjects (Block, 2019).

On the other hand, the use of no-report paradigms to investigate consciousness is still fairly new and it remains to be seen if further developments can identify a limited set of NCC. The challenge posed by the restrictive view on NCC is still open. All neuronal research is based on certain preconceptions about the role of processes like attention and self-reflection in conscious experience and access to content (Schlicht, 2018). As McGinn (1989) put it, “we know that brains are the de facto causal basis of consciousness, but we have, it seems, no understanding whatever of how this can be so” (p. 349). This may still be as true to date.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article, further inquiries can be directed to the corresponding author.



AUTHOR CONTRIBUTIONS

ID, IE, AG, ZG, and JB completed a version of this text as a writing assignment in the framework of the advanced methods course within the Department of Psychology and Educational Sciences of the KU Leuven. They all contributed equally to the article under the supervision of CL, who revised the article and prepared the submission. All authors contributed to the article and approved the submitted version.



REFERENCES

Aru, J., Bachmann, T., Singer, W., and Melloni, L. (2012). Distilling the neural correlates of consciousness. Neurosci. Biobehav. Rev. 36, 737–746. doi: 10.1016/j.neubiorev.2011.12.003


Baars, B. J. (1988). A Cognitive Theory of Consciousness. New York, NY: Cambridge University Press.


Barron, E., Riby, L. M., Greer, J., and Smallwood, J. (2011). Absorbed in thought: the effect of mind wandering on the processing of relevant and irrelevant events. Psychol. Sci. 22, 596–601. doi: 10.1177/0956797611404083

Batterink, L., Karns, C. M., and Neville, H. (2012). Dissociable mechanisms supporting awareness: the P300 and gamma in a linguistic attentional blink task. Cereb. Cortex 22, 2733–2744. doi: 10.1093/cercor/bhr346

Bishop, R. C., and Atmanspacher, H. (2006). Contextual emergence in the description of properties. Found. Phys. 36, 1753–1777. doi: 10.1007/s10701-006-9082-8

Block, N. (1995). On a confusion about a function of consciousness. Behav. Brain Sci. 18, 227–247. doi: 10.1017/S0140525X00038188

Block, N. (2005). Two neural correlates of consciousness. Trends Cogn. Sci. 9, 46–52. doi: 10.1016/j.tics.2004.12.006

Block, N. (2019). What is wrong with the no-report paradigm and how to fix it. Trends Cogn. Sci. 23, 1003–1013. doi: 10.1016/j.tics.2019.10.001

Block, N. (2020). Finessing the bored monkey problem. Trends Cogn. Sci. 24, 167–168. doi: 10.1016/j.tics.2019.12.012

Brascamp, J., Blake, R., and Knapen, T. (2015). Negligible fronto-parietal BOLD activity accompanying unreportable switches in bistable perception. Nat. Neurosci. 18, 1672–1678. doi: 10.1038/nn.4130

Brych, M., Murali, S., and Händel, B. (2021). The role of blinks, microsaccades and their retinal consequences in bistable motion perception. Front. Psychol. 12:647256. doi: 10.3389/fpsyg.2021.647256

Christoff, K., Irving, Z., Fox, K., Spreng, R. N., and Andrews-Hanna, J. R. (2016). Mind-wandering as spontaneous thought: a dynamic framework. Nat. Rev. Neurosci. 17, 718–731. doi: 10.1038/nrn.2016.113

Cleeremans, A., Achoui, D., Beauny, A., Keuninckx, L., Martin, J.-R., Muñoz-Moldes, S., et al. (2020). Learning to be conscious. Trends Cogn. Sci. 24, 112–123. doi: 10.1016/j.tics.2019.11.011

de Graaf, T. A., Hsieh, P. J., and Sack, A. T. (2012). The ‘correlates’ in neural correlates of consciousness. Neurosci. Biobehav. Rev. 36, 191–197. doi: 10.1016/j.neubiorev.2011.05.012

Doesburg, S. M., Kitajo, K., and Ward, L. M. (2005). Increased gamma-band synchrony precedes switching of conscious perceptual objects in binocular rivalry. Neuroreport 16, 1139–1142. doi: 10.1097/00001756-200508010-00001

Dove, G. (2016). Three symbol ungrounding problems: abstract concepts and the future of embodied cognition. Psychon. Bull. Rev. 23, 1109–1121. doi: 10.3758/s13423-015-0825-4

Einevoll, G. T., Kayser, C., Logothetis, N. K., and Panzeri, S. (2013). Modelling and analysis of local field potentials for studying the function of cortical circuits. Nat. Rev. Neurosci. 14, 770–785. doi: 10.1038/nrn3599

Einhäuser, W., Martin, K. A., and König, P. (2004). Are switches in perception of the Necker cube related to eye position? Eur. J. Neurosci. 10, 2811–2818. doi: 10.1111/j.1460-9568.2004.03722.x

Fazekas, P., and Overgaard, M. (2018). Perceptual consciousness and cognitive access: an introduction. Philos. Trans. R. Soc. Lond. B Biol. Sci. 373:20170340. doi: 10.1098/rstb.2017.0340

Firestone, C., and Scholl, B. J. (2016). Seeing and thinking: foundational issues and empirical horizons. Behav. Brain Sci. 39:e264. doi: 10.1017/S0140525X16000029

Forster, K. I., and Davis, C. (1984). Repetition priming and frequency attenuation in lexical access. J. Exp. Psychol. Learn. Mem. Cogn. 10, 680–698. doi: 10.1037/0278-7393.10.4.680

Frässle, S., Sommer, J., Jansen, A., Naber, M., and Einhäuser, W. (2014). Binocular rivalry: frontal activity relates to introspection and action but not to perception. J. Neurosci. 34, 1738–1747. doi: 10.1523/JNEUROSCI.4403-13.2014

Gamez, D. (2014). The measurement of consciousness: a framework for the scientific study of consciousness. Front. Psychol. 5:714. doi: 10.3389/fpsyg.2014.00714

Graziano, M. S. A., and Kastner, S. (2011). Human consciousness and its relationship to social neuroscience: a novel hypothesis. Cogn. Neurosci. 2, 98–113. doi: 10.1080/17588928.2011.565121

Graziano, M. S. A., and Webb, T. W. (2015). The attention schema theory: a mechanistic account of subjective awareness. Front. Psychol. 6:500. doi: 10.3389/fpsyg.2015.00500

Hesse, J. K., and Tsao’s, D. Y. (2020). A new no-report paradigm reveals that face cells encode both consciously perceived and suppressed stimuli. eLife 9:e58360. doi: 10.7554/eLife.58360

Holender, D. (1986). Semantic activation without conscious identification in dichotic listening, parafoveal vision and visual masking: a survey and appraisal. Behav. Brain Sci. 9, 1–23. doi: 10.1017/S0140525X00021269

Japee, S., Holiday, K. A., Satyshur, M. D., Mukai, I., and Ungerleider, L. G. (2015). A role of right middle frontal gyrus in reorienting of attention: a case study. Front. Sys. Neurosci. 9:23. doi: 10.3389/fnsys.2015.00023


Jordan, J. S., and Ghin, M. (2006). (Proto-) Consciousness as a contextually emergent property of self-sustaining systems. Mind Matter 4, 45–68.



Kapoor, V., Dwarakanath, A., Safavi, S., Werner, J., Nicholas, H., Logothetis, N. K., et al. (2018). “Spiking activity in the prefrontal cortex reflects spontaneous perceptual transitions during a no report binocular rivalry paradigm,” in Poster Presented at the 11th FENS Forum of Neuroscience (Berlin, Germany). Available online at: http://hdl.handle.net/21.11116/0000-0001-95C5-8.



Kapoor, V., Dwarakanath, A., Safavi, S., Werner, J., Panagiotaropoulos, T. I., and Logothetis, N. K. (2019). “Neuronal discharges in the prefrontal cortex reflect changes in conscious perception during a no report binocular rivalry paradigm,” in 23rd Annual Meeting of the Association for the Scientific Study of Consciousness (ASSC 23) (London, ON, Canada).


Kawagoe, T., and Kase, T. (2021). Task-related thought and metacognitive ability in mind wandering reports: an exploratory study. Psychol. Res. 85, 1626–1632. doi: 10.1007/s00426-020-01346-9

Kemmerer, D. (2015). Are we ever aware of concepts? A critical question for the global neuronal workspace, integrated information and attended intermediate-level representation theories of consciousness. Neurosci. Conscious. 2015:niv006. doi: 10.1093/nc/niv006

Kiefer, M., and Pulvermüller, F. (2012). Conceptual representations in mind and brain: theoretical developments, current evidence and future directions. Cortex 48, 805–825. doi: 10.1016/j.cortex.2011.04.006

Kim, C.-Y., and Blake, R. (2005). Psychophysical magic: rendering the visible “invisible”. Trends Cogn. Sci. 9, 381–388. doi: 10.1016/j.tics.2005.06.012


Koch, C. (2004). The Quest for Consciousness a Neurobiological Approach. Roberts & Co.


Koch, C. (2018). What is consciousness? Sci. Am. 318, 60–64. doi: 10.1038/scientificamerican0618-60

Koch, C., and Tsuchiya, N. (2007). Attention and consciousness: two distinct brain processes. Trends Cogn. Sci. 11, 16–22. doi: 10.1016/j.tics.2006.10.012

Kornmeier, J., and Bach, M. (2012). Ambiguous figures–what happens in the brain when perception changes but not the stimulus. Front. Hum. Neurosci. 6:51. doi: 10.3389/fnhum.2012.00051

Kubovy, M., and Wagemans, J. (1995). Grouping by proximity and multistability in dot lattices: a quantitative Gestalt theory. Psychol. Sci. 6, 225–234. doi: 10.1111/j.1467-9280.1995.tb00597.x

Lau, H., and Rosenthal, D. (2011). Empirical support for higher-order theories of conscious awareness. Trends Cogn. Sci. 15, 365–373. doi: 10.1016/j.tics.2011.05.009


Leopold, D. A., Fitzgibbons, J. C., and Logothetis, N. K. (1995). The role of attention in binocular rivalry as revealed through optokinetic nystagmus. MIT AI Memo, 1554, 1–13.


Luczak, A., and Kubo, Y. (2022). Predictive neuronal adaptation as a basis for consciousness. Front. Sys. Neurosci. 15:767461. doi: 10.3389/fnsys.2021.767461


Mack, A., and Rock, I. (1998). Inattentional blindness: perception without attention. Vis. Atten. 8, 55–76.


McGinn, C. (1989). Can we solve the mind-body problem? Mind 98, 349–366. doi: 10.1093/mind/XCVIII.391.349


Michel, M. (2017). Methodological artefacts in consciousness science. J. Conscious. Stud. 24, 94–117.


Miller, S. M., Ngo, T. T., and van Swinderen, B. (2012). Attentional switching in humans and flies: rivalry in large and miniature brains. Front. Hum. Neurosci. 5:188. doi: 10.3389/fnhum.2011.00188

Mormann, F., and Koch, C. (2007). Neural correlates of consciousness. Scholarpedia 2:1740. doi: 10.4249/scholarpedia.1740.

Nakatani, C., Bernhard, H., and van Leeuwen, C. (2021). Predicting mind wandering episodes quarter hours in advance from EEG. bioRxiv [Preprint]. doi: 10.1101/2021.09.04.458977

Nakatani, C., Ganschow, B., and van Leeuwen, C. (2019). Long-term dynamics of mind wandering: ultradian rhythms in thought generation. Neurosci. Conscious. 2019:niz007. doi: 10.1093/nc/niz007

Nakatani, H., and van Leeuwen, C. (2006). Transient synchrony of distant brain areas and perceptual switching. Biol. Cybern. 94, 445–457. doi: 10.1007/s00422-006-0057-9

Nakatani, H., and van Leeuwen, C. (2013). Antecedent occipital alpha band activity predicts the impact of oculomotor events in perceptual switching. Front. Sys. Neurosci. 7:19. doi: 10.3389/fnsys.2013.00019


Nakatani, H., Orlandi, N., and van Leeuwen, C. (2012). Reversing as a dynamic process: variability of ocular and brain events in perceptual switching. J. Conscious. Stud. 19, 117–140.


Nikolaev, A. R., Gepshtein, S., Gong, P., and van Leeuwen, C. (2010). Duration of coherence intervals in electrical brain activity in perceptual organization. Cereb. Cortex 20, 365–382. doi: 10.1093/cercor/bhp107

Nikolaev, A. R., Gepshtein, S., Kubovy, M., and van Leeuwen, C. (2008). Dissociation of early evoked cortical activity in perceptual grouping. Exp. Brain Res. 186, 107–122. doi: 10.1007/s00221-007-1214-7

Nikolaev, A. R., Gepshtein, S., and van Leeuwen, C. (2016). Intermittent regime of brain activity at the early, bias-guided stage of perceptual learning. J. Vis. 16:11. doi: 10.1167/16.14.11

Overgaard, M. (2017). The status and future of consciousness research. Front. Psychol. 8:1719. doi: 10.3389/fpsyg.2017.01719

Overgaard, M., and Fazekas, P. (2016). Can no-report paradigms extract true correlates of consciousness? Trends Cogn. Sci. 20, 241–242. doi: 10.1016/j.tics.2016.01.004

Owen, A. M., Coleman, M. R., Boly, M., Davis, M. H., Laureys, S., and Pickard, J. D. (2006). Detecting awareness in the vegetative state. Science 313:1402. doi: 10.1126/science.1130197

Paivio, A. (1990). “Dual coding theory,” in Mental Representations: A Dual Coding Approach (Oxford: Oxford University Press), 583–605. doi: 10.1093/acprof:oso/9780195066661.001.0001


Pereira, A., Jr., and Ricke, H. (2009). What is consciousness?: towards a preliminary definition. J. Conscious. Stud. 16, 28–45.


Philips, I., and Morales, J. (2020). The fundamental problem with no-cognition paradigms. Trends Cogn. Sci. 24, 165–167. doi: 10.1016/j.tics.2019.11.010

Pitts, M. A., Martínez, A., and Hillyard, S. A. (2012). Visual processing of contour patterns under conditions of inattentional blindness. J. Cogn. Neurosci. 24, 287–303. doi: 10.1162/jocn_a_00111

Pitts, M. A., Metzler, S., and Hillyard, S. A. (2014). Isolating neural correlates of conscious perception from neural correlates of reporting one’s perception. Front. Psychol. 5:1078. doi: 10.3389/fpsyg.2014.01078

Rosenthal, D. M. (2009). “Concepts and definitions of consciousness,” Encyclopedia of Consciousness, ed W. P. Banks (Amsterdam: Elsevier), 157–169. doi: 10.1016/B978-012373873-8.00018-9

Schlicht, T. (2018). A methodological dilemma for investigating consciousness empirically. Conscious. Cogn. 66, 91–100. doi: 10.1016/j.concog.2018.11.002

Selimbeyoglu, A., and Parvizi, J. (2010). Electrical stimulation of the human brain: perceptual and behavioral phenomena reported in the old and new literature. Front. Hum. Neurosci. 4:46. doi: 10.3389/fnhum.2010.00046

Sharott, A. (2014). “Local field potential, methods of recording,” in Encyclopedia of Computational Neuroscience, eds D. Jaeger, and R. Jung (New York, NY: Springer), 1–3. doi: 10.1007/978-1-4614-7320-6_723-1

Shea, N., and Frith, C. D. (2019). The global workspace needs metacognition. Trends Cogn. Sci. 23, 560–571. doi: 10.1016/j.tics.2019.04.007

Simons, D. J., and Chabris, C. F. (1999). Gorillas in our midst: sustained inattentional blindness for dynamic events. Perception 28, 1059–1074. doi: 10.1068/p281059

Smallwood, J., and Schooler, J. W. (2006). The restless mind. Psychol. Bull. 132, 946–958. doi: 10.1037/0033-2909.132.6.946

Solfo, A., and van Leeuwen, C. (2018). From adult finger tapping to fetal heart beating: retracing the role of coordination in constituting agency. Top. Cogn. Sci. 10, 18–35. doi: 10.1111/tops.12305


Solms, M., and Friston, K. (2018). How and why consciousness arises: some considerations from physics and physiology. J. Conscious. Stud. 25, 5–6, 202–238.


Spreng, R. N., Mar, R. A., and Kim, A. S. N. (2009). The common neural basis of autobiographical memory, prospection, navigation, theory of mind and the default mode: a quantitative meta-analysis. J. Cogn. Neurosci. 21, 489–510. doi: 10.1162/jocn.2008.21029

Stawarczyk, D., Cassol, H., and D’Argembeau, A. (2013). Phenomenology of future-oriented mind-wandering episodes. Front. Psychol. 4:425. doi: 10.3389/fpsyg.2013.00425

Sterzer, P., Kleinschmidt, A., and Rees, G. (2009). The neural bases of multistable perception. Trends Cogn. Sci. 13, 310–318. doi: 10.1016/j.tics.2009.04.006

Tong, F., Meng, M., and Blake, R. (2006). Neural bases of binocular rivalry. Trends Cogn. Sci. 10, 502–511. doi: 10.1016/j.tics.2006.09.003

Tong, F., Nakayama, K., Vaughan, J., and Kanwisher, N. (1998). Binocular rivalry and visual awareness in human extrastriate cortex. Neuron 21, 753–759. doi: 10.1016/s0896-6273(00)80592-9


Tsuchiya, N., and Koch, C. (2014). “On the relationship between consciousness and attention,” in The Cognitive Neurosciences, 5th Edn., eds M. S. Gazzaniga, and G. R. Mangun (Cambridge, MA: The MIT Press), 839–853.


Tsuchiya, N., Wilke, M., Frässle, S., and Lamme, V. A. (2015). No-report paradigms: extracting the true neural correlates of consciousness. Trends Cogn. Sci. 19, 757–770. doi: 10.1016/j.tics.2015.10.002


van Leeuwen, C. (2007). What needs to emerge to make you conscious? J. Conscious. Stud. 14, 115–136.


Vandenbroucke, A. R., Fahrenfort, J. J., Sligte, I. G., and Lamme, V. A. (2014). Seeing without knowing: neural signatures of perceptual inference in the absence of report. J. Cogn. Neurosci. 26, 955–969. doi: 10.1162/jocn_a_00530

Wilke, M., Mueller, K.-M., and Leopold, D. A. (2009). Neural activity in the visual thalamus reflects perceptual suppression. Proc. Natl. Acad. Sci. U S A 106, 9465–9470. doi: 10.1073/pnas.0900714106

Xu, X., Yuan, H., and Lei, X. (2016). Activation and connectivity within the default mode network contribute independently to future-oriented thought. Sci. Rep. 6:21001. doi: 10.1038/srep21001

Zou, J., He, S., and Zhang, P. (2016). Binocular rivalry from invisible patterns. Proc. Natl. Acad. Sci. U S A 113, 8408–8413. doi: 10.1073/pnas.1604816113

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Duman, Ehmann, Gonsalves, Gültekin, Van den Berckt and van Leeuwen. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/crossmark.jpg





OPS/xhtml/Nav.xhtml


Contents





		Cover



		The No-Report Paradigm: A Revolution in Consciousness Research?



		Introduction



		Neural Correlates Of Consciousness











		Paradigms For Investigating Consciousness



		Report-Based Paradigms



		No-Report Paradigms











		Contribution Of The No-Report Paradigm



		Limitations Of The No-Report Paradigm











		Conclusion



		Data Availability Statement



		Author Contributions



		References

















OPS/images/fnhum-16-861517-g001.gif
A Rivalry

Stimulus

Fetcept ._> ._> ._’

B Non-Rivalry
Yoked
Stimlﬂus . - . . -

Time (s)






OPS/images/fnhum-16-861517-g002.gif
No report

Report

o
~






OPS/images/cover.jpg
’ frontiers |
1N Human Neuroscience

The No-Report Paradigm: A
Revolution in Consciousness
Research?









OPS/images/logo.jpg
’ frontiers )
in Human Neuroscience





