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THE OLD AND NEW CRITERION 
PROBLEMS

Matthias Michel

8.1  Introduction

To know what you see, I just have to ask. Assuming that you’re not lying, 
I can interpret your report as an indicator of visual awareness. Your report 
is a reliable way of knowing about your perceptual state. Things aren’t that 
easy once one enters the scientific lab. Researchers often present stimuli at 
the visibility threshold. They manipulate parameters such as the speed of 
presentation of stimulus, its contrast, whether or not the stimulus is closely 
followed by a masking stimulus, or whether the participant attends to the 
stimulus or not (Breitmeyer 2015; Kim and Blake 2005).

If you participate in one of those experiments, you’ll often find yourself 
wondering whether you really saw the stimulus. In those cases, it is not clear 
what you should report. Should you answer “seen” or “not seen”? You need a 
criterion to determine what to answer in those borderline cases.

Here’s one way to do it. You could create some sort of mental boundary, 
for instance, by saying to yourself, “Whenever the stimulus feels stronger than 
that, I’ll say that I saw it, even though I’m not quite sure”. That level of 
sensory strength, in other words, is your criterion. That boundary is somewhat 
arbitrary. Some people might be more conservative on what counts as “seen”—​
responding “seen” only when they’re really sure they saw the stimulus. Others 
might settle for a liberal criterion—​answering “seen” as soon as they felt like 
something was shown on the screen.

Enter the criterion problem. One can interpret negative reports, such as 
“not seen”, as indicating either that the participant had no visual awareness of 
the stimulus, or as indicating that, although the participant did experience it, 
the strength of the stimulus fell below the subject’s conservative criterion for 
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reporting “seen” (Reingold and Merikle 1988; 1990). The criterion problem 
is to decide between those two interpretations.

Sceptics argue that the criterion problem significantly prevents progress in 
consciousness research (Irvine 2012a, b; 2019), or that it should lead us to 
prefer procedures that do not rely on ‘subjective’ reports (Holender 1986; 
Phillips 2016; 2018; Reingold and Merikle 1990; Snodgrass et al. 2004). 
The alleged impossibility to distinguish changes in experience from changes 
in cognitive attitudes towards those experiences is also at the heart of the 
argumentative strategy for illusionism about consciousness (Dennett 1988; 
Frankish 2021, 60–​61).

I hold that the sceptics should not be so pessimistic. We can experimentally 
distinguish between an absence of experience and an unwillingness to report 
having an experience. I present two solutions to this problem. The first 
solution relies on post-​hoc data analyses. The second solution is to design 
bias-​free tasks.

This leaves us with what I call the ‘new criterion problem’. Suppose that an 
experimental manipulation changes a participant’s tendency to report “seen”. 
How do you know whether that manipulation affected the participant’s 
experience of the stimulus, such that it now feels more visible, or simply their 
criterion for answering “seen”—​making it more liberal?

Unlike the old criterion problem, there is no systematic solution to the 
new criterion problem. Still, I present two case studies indicating that it is 
possible to solve it on a case-​by-​case basis by being inventive. My conclusion 
is that criterion problems do not constitute good reasons for being sceptical 
of the value of subjective reports, and of the prospects of investigating what 
participants consciously experience.

8.2  Signal detection theory and the criterion problem

Suppose that you participate in an experiment in which your task is to detect 
a low-​contrast stimulus. Signal Detection Theory (SDT) is a framework for 
understanding how you make this type of perceptual decision (Macmillan and 
Creelman 2005).

To see a stimulus, you need to be perceptually sensitive to that stimulus. 
You are perceptually sensitive to a stimulus when, in response to presentations 
of that stimulus, your perceptual system outputs signals that are on average 
stronger than the level of sensory activity present in the system when the 
stimulus is not present (also called the level of noise). The stronger these 
signals are compared to the noise alone, the higher your perceptual sensitivity.

But perceptual sensitivity alone is not enough. You also need a rule for 
selecting a response: How strong should sensory activity be before you answer 
that the stimulus was present? Answering that question amounts to setting a 
response criterion.
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Criterion setting is flexible. If you’re rewarded for answering that the 
stimulus was present when it was indeed present (hits), then you should 
set your criterion to maximize your hit rate. That rule should lead you to 
adopt a liberal response criterion. But if you are specifically instructed to 
avoid answering that the stimulus is present when it isn’t, you should require 
a lot of evidence that the stimulus is present before answering that it is. 
You should adopt a conservative criterion for responding that the stimulus 
is present.

The beauty of the SDT framework is that perceptual sensitivity can be 
estimated independently of your response criterion (Macmillan and Creelman 
2005). The measure of perceptual sensitivity is called d’ (‘d-​prime’). The 
criterion measure is often noted c.

Researchers use this framework to understand how participants provide 
“seen”/​“not seen” reports. Given the sensory evidence that there is a stimulus, 
the observer’s response depends on the way in which her response criterion is 
set. A decision to report with a given response category is the conjoint product 
of sensory evidence and a response criterion.

For this reason, when a subject reports that she didn’t see a stimulus, it 
could be either because she was not conscious of the stimulus, or because 
the strength of the sensory signal associated with the stimulus fell below her 
conservative criterion for reporting the stimulus as “seen”, despite the fact that 
she consciously perceived it. In this latter case, scientists would be wrong to 
interpret her report as indicating that she was not conscious of the stimulus. 
That’s the criterion problem.

Because these two interpretations of negative reports are available, what 
scientists routinely take as evidence for unconscious perception could simply 
result from subjects adopting a conservative bias and failing to report seeing 
stimuli that elicit only weak perceptual signals. For this reason, the criterion 
problem makes it difficult to rigorously demonstrate unconscious perception 
(Cheesman and Merikle 1984, 1986; Holender 1986; Irvine 2012a; Peters 
et al. 2017a; Phillips 2016; Merikle 1982, 1983, 1984).1

You’d be forgiven for thinking that this isn’t a serious problem. The attitude 
we should adopt is to trust subjective reports unless we have good reason to 
doubt their accuracy. The participant answers “not seen”, therefore, she didn’t 
see the stimulus—​end of story. But the problem is serious: We do have good 
reason to suspect that subjective reports are indeed overly conservative.

First, experimental evidence indicates that participants are not very good 
at adjusting their response criterion to multiple stimulus strengths (Gorea and 
Sagi 2000; 2002; Rahnev et al. 2011; Rahnev 2021; but see Denison et al. 
2018). Instead, they probably set a single criterion across various stimulus 
strengths—​or several criteria that ‘attract’ each other (Rahnev 2021). This 
leads to a conservative criterion for reporting weak stimuli because responses 
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to weak stimuli are made with a criterion optimized for mid-​range stimulus 
strength. Since most consciousness research experiments use various stimulus 
strengths within the same block of trials, this constitutes a good reason for 
holding that subjects have an overly conservative criterion for reporting weak 
stimuli.

Second, the ‘Neyman-​Pearson objective’ (Green and Swets 1966). When 
performing tasks such as visual detection participants often have the (implicit) 
goal of minimizing the number of false alarms to a predetermined level—​a 
goal known as the Neyman-​Pearson objective (Curry et al. 1977; Green and 
Swets 1966). When sensitivity is low, the Neyman-​Pearson objective leads 
to a conservative bias. To minimize the false-​alarm rate, participants become 
more conservative as sensitivity decreases. In consciousness research, stimuli 
are presented at visibility threshold. So, sensitivity is typically low. Therefore, 
observers are more likely to adopt conservative biases.

The criterion problem is a credible threat for consciousness research. I do 
believe in unconscious perceptual effects (Michel 2022a). But whenever I see 
a strong unconscious perceptual effect—​the kind that looks too good to be 
true—​my first thought is, ‘conservative criterion!’ And I think it should be 
yours, too. The sceptics are probably right about this. But there’s a difference 
between healthy scepticism and pessimism. I now explain how researchers 
solve the criterion problem.

8.3  Solving the criterion problem

There are two main ways to solve the criterion problem: Post-​hoc statistical 
analyses, and bias-​free tasks. I present both in turn.

8.3.1  A post hoc analysis-​based solution

In consciousness research experiments, participants usually perform two 
tasks. In the Type-​1 task, participants discriminate between different states 
of the external world. For instance, decide whether a stimulus is a square or 
a diamond. In the Type-​2 task, subjects either assess their confidence in their 
performance on the Type-​1 task with confidence ratings (Michel, 2022b), 
or determine whether or not they saw the stimulus by providing visibility 
ratings.

How well subjects perceive the stimuli can be determined by computing 
d’—​an indicator of sensitivity. In a nutshell, this is done by comparing the rate 
of ‘hits’—​the subject correctly reports that the stimulus is a square and the 
rate of ‘false alarms’—the subject reports that the stimulus is a square, but the 
stimulus was a diamond. Computing d’ in this way allows us to have a measure 
of perceptual sensitivity that is independent of the subject’s response criterion, 
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namely, her tendency to report ‘square’ or ‘diamond’ irrespective of what she 
actually saw.

Based on the subjects’ responses on the Type-​1 and Type-​2 tasks, scientists 
can also determine their metacognitive sensitivity (Fleming and Lau 2014; 
Galvin et al. 2003; Maniscalco and Lau 2012; Nelson 1984; Michel 2022b). 
A good metacognitive observer knows that she correctly sees the stimuli when 
she does. She answers “seen”, or that she is confident in her responses, when 
her Type-​1 performance indicates that she did see the stimuli, and that she did 
correctly perform the discrimination task.

A poor metacognitive observer doesn’t know whether she performs the 
task correctly or not. She tends to answer “not seen” even when her Type-​1 
performance indicates that she does see the stimuli, or she answers “random 
guess” even when her Type-​1 performance indicates that she did not randomly 
guess. Poor metacognitive sensitivity also results from subjects being overly 
confident in mistaken Type-​1 responses, or answering that they saw the stimuli 
when their Type-​1 performance indicates that they did not.

Just as with Type-​1 responses, Type-​2 responses can be characterized in 
terms of ‘hits’, ‘false alarms’, ‘miss’, and ‘correct rejection’ (Figure 8.1) (Clarke 
et al. 1959; Galvin et al. 2003).

FIGURE 8.1 � (a) Classification of responses for Type 1 Detection. (b) Classification 
of responses for Type 2 Detection.

Source: Created by the author.
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At this point, a difficulty is to take metacognitive bias into account. As 
Fleming and Lau (2014, 2) argue:

Intuitively one can consider the extreme cases where subjects perform a 
task near threshold …, but rate every trial as low confidence, not because 
of a lack of ability to introspect, but because of an overly shy or humble 
personality. In such a case, the correspondence between confidence and 
accuracy is constrained by bias.

To see how researchers solve this challenge, let me introduce another concept, 
the Receiver Operating Characteristics (ROC) curve (Swets 1973).

Since d’ is not contaminated by bias, the sensitivity of two subjects can 
be measured as having the same d’ with different hit and false-​alarm rates 
(Figure 8.2). An ROC curve is the set of possible hit/​false-​alarm rate pairs that 
an observer can produce with a given d’. And the observer’s bias determines 
which of those possible pairs the subject actually realizes.

The shape of the ROC curve is independent from the observer’s 
criterion setting. So, the area under the ROC curve (called the AUROC) 
provides a measure of the observer’s sensitivity independently of her 
criterion setting.

In the same way, metacognitive sensitivity can be calculated on the basis of 
the subject’s AUROC on the Type 2 task, called ‘AUROC2’ (Fleming and Lau 
2014; Michel 2022b). If AUROC2 is 0.5, the subject has no metacognitive 
sensitivity, and if it is higher, the subject has some metacognitive sensitivity. Just 
as AUROC measures perceptual sensitivity free from Type-​1 biases, AUROC2 
measures metacognitive sensitivity free from Type-​2 biases—​it represents the 
observer’s metacognitive sensitivity independently of her particular criterion 
setting on the Type-​2 task.

Having a bias-​free measure of metacognitive sensitivity is great. But what 
does all this have to do with consciousness? The heart of the current research 
program in consciousness science is the idea that conscious and unconscious 
information processing can be dissociated, at least to some extent (Baars 
1986; LeDoux et al. 2020). Some tasks might require conscious perceptual 
information to be carried out, while others do not.

Providing accurate introspective reports about one’s current conscious 
mental states is such a task: Introspective reports seem to overwhelmingly rely 
on conscious information.2 One indication of this is that we are much better 
at providing accurate introspective reports about our conscious, compared to 
unconscious, mental states. However introspective reports are generated, the 
cognitive system that generates these reports must be much more sensitive 
to conscious perceptual information than to unconscious information. This 
means that information that is available to the introspective system is much 
more likely to be conscious than unconscious.
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High metacognitive sensitivity indicates that the subject is able to 
meaningfully modulate her introspective reports based on the visual 
information used in the Type-​1 task. Given that the information used to 
successfully perform the Type-​2 task is much more likely to be conscious 
than unconscious, this gives a good reason to hold that high metacognitive 
sensitivity indicates that the subject was conscious of the stimuli when the 
Type-​1 task was performed.

In contrast, low metacognitive sensitivity could indicate that the subject 
didn’t consciously see the stimuli during the Type-​1 task.3 One alternative 
interpretation would be that low metacognitive performance results from 
an overly conservative metacognitive response bias. But using the bias-​free 

FIGURE 8.2 � ROCs curves connect locations with constant d’. The diagonal is called 
the ‘chance line’: the hits and false alarm rates are equal. A conservative 
criterion decreases both the rates of hits and false alarms, and a liberal 
criterion has the opposite effect.

Source: Adapted from Macmillan and Creelman (2005).
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AUROC2 to compute metacognitive sensitivity allows us to rule out this 
alternative explanation. The remaining explanation for the participant’s 
inability to adapt her Type-​2 responses to her Type-​1 visual performance is that 
the information that she used to perform the Type-​1 task was not conscious.

An alternative explanation for the participant’s low metacognitive sensitivity 
could be that the subject was phenomenally conscious of the stimuli, without 
the subject having any (meta)cognitive access to that information (Block 1995; 
2007). Phenomenal consciousness overflows the limits of metacognitive access.

I previously provided arguments against this view (Michel 2022b). Here, 
I simply want to distinguish this latter ‘overflow’ explanation from the 
alternative on which sensory signals simply fall below the conservative Type-​2 
response criterion. We should distinguish between the criterion problem and 
the overflow problem.

To introduce the distinction, take the following analogy. At home, I have a 
weight scale. That scale is biased: It always provides weight indications slightly 
under the true weight of the objects on the scale. If I were to blindly follow 
those indications, I might form the belief that some light objects actually have 
no weight at all! By calibrating the scale, and correcting for this bias, I would 
realize that this is not true.

But even with a perfectly calibrated scale, some objects might be so light 
that they do not activate the scale mechanisms at all. This limitation is not 
due to a bias. And solving the bias problem won’t help. Some objects simply 
fall beyond the scope of what I can hope to measure with that scale. I need a 
different instrument to measure them.

In the same way, the overflow hypothesis postulates contents that fall beyond 
the kind of conscious contents that can be detected with procedures relying on 
subjective reports. On the other hand, the kind of conscious contents that give 
rise to the criterion problem do fall within the kind of conscious contents that 
could be detected by the procedure if it were not biased.

A solution to the criterion problem does not rule out the possibility that some 
phenomenally conscious contents are not cognitively accessed, and thus, go 
undetected by the procedure. The solution to the criterion problem described 
above allows scientists to rule out the possibility that a low metacognitive 
sensitivity due to Type-​2 misses (i.e., a lot of “not seen” reports) is mainly the 
result of the subject’s conservative Type-​2 criterion. This solves the criterion 
problem, and that’s the problem I focus on.

8.3.2  A task-​based solution

Using AUROC2 as a bias-​free indication of consciousness might seem like a 
statistical trick to sweep the problem under the rug. Scientists have found a 
way of computing metacognitive sensitivity independently of response biases. 
But the subjects who perform those tasks are still biased. If you’re not satisfied 
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with this, don’t worry. There’s another way to solve the problem: Transforming 
the Type-​2 task into a 2-​interval forced-​choice task, or 2IFC task for short 
(Knotts et al. 2018; Peters and Lau 2015; Rajananda et al. 2018; see also 
Barthelme and Mamassian 2009; de Gardelle and Mamassian 2014).

In 2IFC paradigms, subjects perform a Type-​1 discrimination task in 
two successive ‘intervals’, and make a Type 2 judgment comparing their 
introspective access to perceptual information in the two intervals.

Let me illustrate with a study by Peters and Lau (2015). Subjects saw a 
grating with either a left or a right tilt quickly followed by a mask, and then a 
second masked grating. After each stimulus presentation, or interval, subjects 
decided whether the stimulus was tilted left or right. Observers then indicated 
which of the two discrimination decisions they felt more confident in by 
betting on a specific discrimination decision (either first interval, or second 
interval).4 Here’s the crucial trick now: Unbeknownst to the subjects, some 
intervals did not contain a target, namely, Peters and Lau included target-​
absent intervals (Figure 8.3).

To understand how responses provided in 2IFC procedures can be used 
in consciousness detection procedures, think about the phenomenology that 
you would have if you unconsciously perceived the relevant feature. For you, 
it would feel just as if that feature had not been presented. Seeing the feature 
unconsciously feels like not seeing it.

If you are unable to discriminate between seeing the stimulus, and seeing 
no stimulus, then you did not see the stimulus consciously. The fact that you 
are unable to discriminate between the two indicates that, to you, seeing 
the stimulus just felt like seeing nothing.5 As explained by Peters and Lau 
(2015, 3),

if a certain above-​chance discrimination seems introspectively no different 
from a random guess based on no stimulus at all (as reflected by betting 
behavior), we interpret the discrimination to be unconscious.

In the ‘betting’ version of the 2IFC paradigm, unconscious perception of the 
target occurs if the observer discriminates the target above chance while being 
unable to bet more often on the target-​present interval than on the target-​
absent interval. In other words, observers unconsciously perceive the stimuli if 
they correctly discriminate the target, but bet randomly on the target-​present 
interval versus the target-​absent interval.

The same thing goes for versions of 2IFC paradigms relying on visibility 
ratings (e.g., Peters and Lau, 2015; Peters et al. 2017b). In this case, participants 
do not bet on the target-​present interval versus the target-​absent interval, 
but report in which interval the stimulus was ‘more visible’. If participants 
perform the Type 1 task above chance, but cannot report that the target-​
present interval was more visible than the target-​absent interval, this indicates 
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unconscious perception. The subjects did not judge the stimuli presented in 
the target-​present interval to be more visible than no stimulus at all.6

2IFC paradigms are relatively free from biases (Green and Swets 1966; 
Macmillan and Creelman 2005). There’s no reason to believe that conservative 
or liberal biases should lead subjects to systematically prefer responding that 
the stimulus is more visible in the first or second interval. For this reason, 2IFC 
paradigms ‘discourage’ biases (although, see Yeshurun et al. 2008). Since 2IFC 
paradigms are, if not completely bias-​free, at least much less contaminated by 
biases, they allow researchers to solve the criterion problem.7

So, if the goal is to avoid biases and solve the criterion problem, researchers 
have at least two options at their disposal. For this reason, the criterion problem 
does not constitute a good reason for radical scepticism towards the prospects 
of a science of consciousness, since consciousness scientists can solve it.

FIGURE 8.3 � 2IFC task. (a) Targets are oriented Gabor patches; masks are bandpass-​
noise filtered random RGB values. (b) Each trial consists of two 
intervals of discrimination. Some intervals contain a target (TP), while 
in others the target is replaced by a blank frame (TA). (c) Experimental 
tasks. In Experiment 1 subjects bet on which discrimination they feel 
more confident in before they indicate orientation discrimination 
choices (left or right tilt) for both intervals. The example presented 
is a trial in which TP is presented before TA; but in the experiment 
this order varied randomly. In Experiment 2, subjects bet on the more 
confident interval after the discriminations, and feedback is given.

Source: Peters and Lau (2015).
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8.4  The new criterion problem

Although researchers can ultimately solve the criterion problem, an additional 
problem with the criterion measure could turn out to be quite difficult to 
solve. I now present the new criterion problem. I then provide two case studies, 
based on experiments by Gallagher et al. (2019; 2021) and by Iemi and Busch 
(2018), suggesting that even this version of the problem can be solved.

8.4.1  What is the criterion all about?

Following a common interpretation of SDT, if the effect of an experimental 
manipulation is truly perceptual, it should change d’, and not the criterion 
measure, noted c. If an experimental manipulation affects c but not d’, 
experimenters infer that the manipulation did not affect perception, but 
instead changed the placement of the internal response criterion. In the same 
way, if an experimental manipulation changes Type 2 bias, but not Type 2 
sensitivity, one can interpret this as indicating that the manipulation did not 
change the subject’s conscious perception of the stimulus but, instead, her 
tendency to respond or judge that she saw the stimulus.

This common interpretation of SDT indicators is probably wrong. And the 
fact that it is wrong creates an underestimated difficulty. So, let me start by 
explaining why it is wrong.

Borrowing an example from Witt et al. (2015), we can use the Müller-​
Lyer illusion (Figure 8.4) to illustrate why differences in criterion setting (as 
measured by c in Signal Detection Theory) do not necessarily correspond to 
differences in response strategy, but also to perceptual differences.

FIGURE 8.4 � Müller-​Lyer illusion. The lines are perceived as having different lengths 
but they have the same length. Lines with tails oriented inward are 
perceived as being shorter, while lines with tails oriented outward are 
perceived as being longer.

Source: Created by the author.
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Imagine performing the following task: You see either short (5 cm) or long 
(7 cm) lines. Your goal is to discriminate between the two. Let’s say that you 
are not biased: You set your response criterion optimally. When you perceive a 
line as being more than 6 cm, you answer that it is long. When you perceive it 
as being less than 6 cm, you answer that it is short (Figure 8.5a).

We can now see what happens if, for whatever reason, you prefer responding 
that the lines are shorter (Figure 8.5b). That is, you perceive lines between 6 
and 7 cm as being long but, for whatever reason, respond that those lines are 
short. In this case, d’ does not change—​both hit and false-​alarm rates increase 
at the same time. However, the criterion measure changes, compared to the 
initial situation.

At this point we introduce a slight change in the experiment. You set your 
response criterion exactly as in the first case—​respond “long” whenever you 
perceive the line as being more than 6 cm. But now the lines have tails oriented 
inwards (Figure 8.4). When tails are oriented inwards, all the lines, short and 
long alike, look shorter. This leads you to answer “short” more often. And 
this is so even if your capacity to discriminate between short and long lines, as 
measured by d’, remains exactly the same as before.

In this case, a change in the perception of the lines manifests itself through 
the criterion measure c. As shown in Figure 8.5c, when the lines are perceived 
as being shorter (the signal distributions are switched to the left), c is identical 
to the case in which you do not see the lines as being shorter, but simply have 
a tendency to respond that the lines are short.

FIGURE 8.5 � Hypothetical distributions of perceived line length for short and long 
lines. (a) Distributions without response bias. (b) Distributions with 
response bias. (c) Distributions with perceptual bias.

Source: Inspired from Witt et al. (2015).
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If this is correct, perceptual effects sometimes manifest themselves through 
a measured change in criterion, and not d’. This goes against the view that 
changes in biases induced by experimental manipulations only reflect changes 
in response strategies, and not genuine changes in the way in which subjects 
perceive the stimuli.

Sánchez-​Fuenzalida et al. (2022) confirmed the simulation work of Witt 
et al. (2015) by manipulating bias either with the Müller-​Lyer illusion, or with 
unbalanced payoffs for answering “short” versus “long”. These manipulations 
led to a criterion change when the participants reported their decisions. 
However, only the Müller-​Lyer illusion led to a bias in a task where participants 
had to reproduce the perceived length of the lines—​thus suggesting that the 
Müller-​Lyer illusion elicits a criterion shift through a perceptual change.

In addition, several experiments have shown that well-​known perceptual 
illusions, such as the sound-​induced flash illusion (Shams et al. 2000; Shams 
2002), the ventriloquist effect (Thurlow and Jack 1973), the stream-​bounce 
effect (Sekuler et al. 1997; Meyerhoff & Scholl, 2018), and the Müller-​Lyer 
illusion (Witt et al. 2015), not only lead to measured differences in sensitivity, 
but also to measured differences in criterion (see also, e.g., Polat and Sagi 
2007). Linares et al. (2019) also found evidence that the criterion measure 
captures both perceptual and post-​perceptual components even in simple 
discrimination tasks. Even better, using optogenetic manipulations of visual 
cortex activity in mice, Jin and Glickfeld (2019) induced changes in the 
criterion measure by directly manipulating sensory activity. Hence, one cannot 
interpret all measured changes in bias as response-​strategy changes. Some 
changes in bias reflect perceptual effects (Peters et al. 2016; Witt et al. 2015).

Determining whether one should interpret variations in the criterion 
measure as reflecting perceptual or response strategy effects is what I call the 
new criterion problem.8 In the following sections, I illustrate the new criterion 
problem with two case studies showing how the problem can be solved.

8.4.2  Solving the new criterion problem: Case study 1

A promising solution to the new criterion problem relies on the use of 
confidence ratings. Gallagher et al. (2019) asked subjects to report levels of 
confidence after performing a random dot motion task in which they had 
to discriminate between rightward or leftward motion. In one condition, 
Gallagher et al. induced a perceptual bias through sensory adaptation: after 
seeing dots moving in one direction, subjects tend to perceive dots as moving 
in the opposite direction. In the other condition, they induced a response bias 
by asking subjects to default to a given response direction, indicated by a cue, 
when hesitant about motion direction.

Gallagher et al. (2019) could reproduce similar psychometric curves by 
inducing either a perceptual bias, or a response bias. This is consistent with 
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the new criterion problem: The discrimination task alone is not sufficient 
to differentiate between those two hypotheses (Morgan et al. 2012; Witt 
et al. 2015).

But things are different for confidence judgments. Gallagher et al. 
hypothesized that, while confidence judgments and the discrimination task 
both share the same perceptual evidence, those two types of judgments do not 
share the same response strategy parameters. As such, inducing a perceptual 
bias should equally influence discrimination and confidence judgments. But 
inducing a response bias should influence discrimination decisions without 
changing confidence measures.

Gallagher et al. confirmed this hypothesis. In the perceptual bias condition, 
following leftward sensory adaptation, subjects were biased towards answering 
that dots are moving to the right. They also needed less perceptual evidence 
for rightward movement, as determined by dot motion coherence, before 
answering that they were confident in their ‘rightward movement’ decisions. 
On the other hand, inducing a response bias only changed the perceptual 
decision bias without impacting the confidence measure. As Gallagher 
et al. (2019) conclude, dissociations between confidence judgments and 
discrimination performance could be used to distinguish between perceptual 
and response biases.

In subsequent experiments, Gallagher et al. (2021) used this method to 
solve the new criterion problem, as it applies to two perceptual effects: To 
biases induced by previous perceptual decisions, and to after-​effects induced 
by implied motion.

In discrimination tasks, such as random dot-​motion discrimination tasks, 
discrimination decisions are influenced by previous discrimination decisions, 
an effect known as the choice history bias (Fischer and Whitney 2014; Kanai 
and Verstraten 2005). We don’t know whether this bias is perceptual or 
post-​perceptual (but see Fritsche et al. 2017). Gallagher et al. (2021) used 
confidence ratings to distinguish between these two hypotheses.

They observed that discrimination decisions in a random dot motion task 
were influenced both by the previous trial (1-​back effect) and by the trial-​
two trials prior (2-​back effect). When subjects perceived leftward motion on 
the previous trial, they were biased towards answering “right” on the current 
trial. This bias also applied to confidence judgments: Subjects needed less 
perceptual evidence of a rightward motion before judging that they were 
confident. On the other hand, confidence ratings did not track the 2-​back 
effect. These results are consistent with a perceptual effect of the previous trial 
on the current trial, akin to sensory adaptation, and a post-​perceptual and a 
post-perceptual explanation of the 2-back effect.

The same method was applied to determine the nature of motion after-​
effects induced by implied movements in static images (Winawer et al. 2008; 
2010). Gallagher et al. (2021) first obtained genuine motion after-​effects: When 
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subjects saw objects moving in one direction, their subsequent decisions were 
biased in the opposite direction. This after-​effect also impacted the confidence 
measure. However, compared to actual movement, implied movements in 
static images influenced the discrimination decision, but did not impact the 
confidence measure. Following Gallagher et al., this result is consistent with a 
post-​perceptual effect in the case of implied motion, compared to a perceptual 
effect in the case of real motion.9

Confidence and discrimination decisions rely on the same perceptual 
evidence. But they are not influenced by the same post-​perceptual variables. 
It follows that manipulations that induce a bias in discrimination judgments 
without inducing a bias in the confidence judgments are more likely to stem 
from a response bias than a perceptual bias.

But this method is not a universal panacea. Experimental manipulations 
that induce similar biases on both Type-​1 and Type-​2 decisions remain 
ambiguous. They could be interpreted either as resulting from perceptual 
effects, or from response strategy effects influencing Type-​1 and Type-​2 
criteria in the same way. In other words, this method is conclusive only if 
one observes a dissociation between Type-​1 and Type-​2 biases following an 
experimental manipulation. Still, this is better than nothing, and it suggests 
that the new criterion problem can be solved by using confidence ratings in 
a limited range of cases.

8.4.3  Solving the new criterion problem: Case study 2

Let me now turn to a second case study. When neurons are in a more excitable 
state before stimulus presentation, as indexed by the power of ongoing 
low-​frequency oscillations (8-​30 Hz)–​–​weak α and β power reflecting high 
excitability–​–​observers adopt more liberal biases in detection tasks, even if 
their perceptual accuracy remains the same (Ergenoglu et al. 2004; Benwell 
et al. 2017; Chaumon and Busch 2014; Limbach and Corballis 2016; Samaha 
et al. 2017). Researchers also observed that pre-​stimulus neural excitability 
has an effect on detection tasks and not on discrimination tasks, thereby 
indicating that neural excitability affects bias, and not perceptual accuracy 
(Iemi et al. 2017).

Here, we face the new criterion problem: A change in bias could indicate 
either a perceptual change induced by weak pre-​stimulus α and β power, or 
a change in response strategy. It could be that, when neurons are in a more 
excitable state, participants feel like they see stimuli more often. But it could 
also be that heightened excitability leads participants to judge that they see the 
target, and answer “yes, I saw the target”, more often.

Iemi and Busch (2018) designed an experiment to determine which 
interpretation is right, based on a 2IFC detection task, and a 2IFC 
discrimination task.
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In the 2IFC detection task, a stimulus was presented in one of two intervals. 
Participants had to determine in which interval the stimulus was presented. 
In the 2IFC discrimination task, a target-​stimulus (e.g., a left-​tilted grating) 
was presented in one interval, and a non-​target stimulus (e.g., a right-​tilted 
grating) in the other interval. Participants had to report the interval in which 
the target-​stimulus was presented.

Before we come to the predictions made by Iemi and Busch (2018), it 
is important to give some details on the psychological constructs posited 
by SDT to understand how participants perform 2IFC detection and 
discrimination tasks.

In 2IFC detection tasks, observers sample the internal response of a single 
feature detector in each interval, compare the internal responses of the detector 
in each interval, and then report that the stimulus was present in whichever 
interval yielded the strongest response. In 2IFC discrimination tasks, observers 
sample the internal responses of two feature detectors in each interval—​one for 
the target, and one for the non-​target stimulus. In each interval, the relative 
strengths of the responses for target versus non-​target features are compared. 
The result of this comparison serves as evidence that the target was present in 
this interval (or not). Observers then compare the evidence in favour of the 
presence of the target between the two intervals and report that the target was 
present in the interval that had the strongest level of evidence for the presence 
of the target-​stimulus.

With this, we can now turn to the predictions allowing Iemi and Busch 
(2018) to decide whether heightened excitability (i.e., weak pre-​stimulus α 
and β power) leads to a liberal perceptual bias, or a liberal response bias.

A perceptual bias would increase the strength of the internal responses 
generated by the feature detectors. A decision bias would not affect the activity 
of the feature detectors, but only the observer’s tendency to judge and report 
that the target was present in the interval with higher pre-​stimulus excitability.

So, if higher excitability leads to a perceptual bias in the 2IFC discrimination 
task, the internal responses generated by the two detectors will increase, for 
both target and non-​target features. Which means that the relative strength of 
the responses for target versus non-​target features won’t be affected. Observers 
have more evidence that the target-​stimulus was present in the target-​present 
interval, but they also have more evidence that the non-​target-​stimulus was 
present. As a result, higher excitability before the target-​stimulus interval 
should not lead subjects to report that the target-​stimulus was present in this 
interval more often.

In the 2IFC detection task, since there is only one feature detector, high 
excitability before the stimulus-​present interval should lead subjects to report 
that the stimulus was present in this interval more often. As a result, the 
participants’ hit rate should increase when pre-​stimulus excitability is high in 
the target-​present interval.
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Now, compare this to the predictions if higher excitability leads to a response 
bias. In the discrimination task, the internal responses generated by the two 
detectors won’t change. However, subjects will tend to report that the target-​
stimulus is present in whichever interval had higher pre-​stimulus excitability. 
As a result, higher excitability before the target-​stimulus interval should lead 
to a higher rate of hits. And the same thing goes for the detection task.

In sum, the hypothesis according to which higher pre-​stimulus excitability 
induces a perceptual bias predicts a higher rate of hits in the detection task 
when pre-​stimulus excitability is high before the stimulus-​present interval, but 
not in the discrimination task when pre-​stimulus excitability is high before 
the target-​stimulus interval. On the other hand, if higher excitability induces a 
response bias one should observe a higher rate of hits in both the detection task, 
when pre-​stimulus excitability is high before the stimulus-​present interval, as 
well as in the discrimination task.

Iemi and Busch obtained results consistent with the hypothesis that higher 
excitability leads to a perceptual bias. Reduced α-​and β-​power (i.e., higher 
excitability) in the time window before the stimulus-​present interval relative 
to the stimulus-​absent interval led to a higher rate of hits in the detection 
task, but there was no statistically significant influence of reduced α-​and β-​
power on the rate of hits in the discrimination task.10 Iemi and Busch (2018, 
21) conclude that “the current state of neuronal excitability—​indexed by 
spontaneous α-​and β-​oscillations—​biases the observer’s subjective perceptual 
experience, by amplifying or attenuating sensory representations, rather than 
the decision strategy”.

This study is a perfect example of the experimental ingenuity displayed in 
consciousness research. Of course, two case studies are not nearly enough to 
argue that similar strategies will be found in all cases in which one wants to 
decide whether a change in bias reflects a change in perception or in response 
strategy. But these case studies vindicate the view that the new criterion problem 
can be solved. In both cases, a solution to the new criterion problem could 
be found because, following some experimental manipulations, changes in 
perceptual and response criteria had different effects on the subjects’ behavior. 
Several other experiments have successfully used this strategy to distinguish 
perceptual from post-​perceptual biases (e.g., Fritsche et al. 2017; Linares 
et al. 2019; Sánchez-​Fuenzalida et al. 2022). In the long run, if changes in 
perceptual and response biases have different effects, there will be someone 
inventive enough to develop an experiment teasing those effects apart, if not a 
strategy to systematically do so.

8.5  Conclusion

Irvine (2012b, 646) concluded her investigation of introspection-​based 
methods in consciousness research in this way:
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The problems with report-​based measures of consciousness have long 
been known and are again coming to light with the reintroduction of 
introspection-​based measures. The recognition that reports are never free 
from bias must be made again, and the issues raised by the application 
of SDT to human perception must go through yet another round of 
reiteration. … These problems must be addressed in order to validate 
the use of introspective or subjective measures in consciousness science. 
However, given that this round of trying to make sense of the muddle 
surrounding subjective reports includes the same mistakes as the others that 
preceded it, abandoning the muddle altogether is looking more and more 
like the reasonable option to take.

While it is true that past mistakes have often been repeated, I believe that we 
can clear up the muddle. Neither the criterion problem nor the new criterion 
problem justify scepticism towards the prospects of consciousness research. 
Criteria effects are often confounding factors, but not always (Peters et al. 
2016). And when they are, there is no reason to believe that consciousness 
scientists cannot find solutions to these problems. The criterion problem can 
be solved by using either post-​hoc analyses, or 2IFC tasks. The new criterion 
problem cannot be solved in a systematic way at the moment. But several 
experimental manipulations allow for teasing apart the effects of perceptual 
and post-​perceptual biases. Scientists can exploit those dissociations to 
determine whether biases are perceptual or post-​perceptual in nature on a 
case-​by-​case basis.
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Notes

	 1	 To the best of my knowledge, the first author to consider the criterion problem 
as a challenge for research on unconscious perception was Goldiamond (1958), 
following the rise of Signal Detection Theory and a series of studies by Blackwell 
(1952), who showed that threshold measurement in psychophysics is influenced by 
a variety of irrelevant factors. The problem was also mentioned early on by Eriksen 
(1960).

	 2	 See Michel (2022b) for a defense of the view that explicit metacognitive mechanisms 
are ‘consciousness selective’—​they only take conscious sensory evidence as inputs.
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	 3	 This interpretation is available only if this low metacognitive performance is mainly 
due to a high rate of Type-​2 misses. A high rate of Type-​2 false alarms would also 
decrease the level of metacognitive sensitivity, but would rather indicate that the 
subject hallucinated non-​existent stimuli, or that the subject simply performed the 
Type-​2 task randomly.

	 4	 Peters and Lau (2015) also included a control experiment in which subjects had to 
provide reports akin to visibility ratings instead of confidence ratings. In this variant 
of the experiment, participants had to indicate which of the two intervals was more 
visible. The results are the same.

	 5	 This inference is warranted only if one assumes that subjects do not hallucinate 
targets in the target-​absent intervals.

	 6	 Macmillan (1986, 38) suggested something very similar as the best operational 
definition of the term ‘subliminal’: “[A]‌ subliminal stimulus is one that leads to the 
detect state just as often as does a null stimulus.” According to this view, a stimulus 
is not consciously perceived if it is indistinguishable from no stimulus at all (the null 
stimulus).

	 7	 I have previously criticized the paradigm used by Peters and Lau (2015) as being 
overly conservative about what counts as unconscious perception (Michel 2022a). 
Still, it remains true that the 2IFC paradigm solves the criterion problem—​
even if in that particular instance it was unsuccessful at identifying unconscious 
perception.

	 8	 While the problem has been underestimated in the study of consciousness, it is far 
from being a new problem in the study of perception more broadly. Fechner already 
mentioned the influence of the subjects’ decision strategies on psychophysical 
judgments (Fechner 1860/​1966), and the issue was discussed by Sekuler and 
Erlebacher (1971) in the case of judgments of subjective equality. More recently, 
both Morgan et al. (2012) and Witt et al. (2015) argued that 2-​alternative 
forced choice tasks cannot distinguish perceptual from response criteria effects 
(see also García-​Pérez and Alcalá-​Quintana 2013; Gold and Ding 2013; Sánchez-​
Fuenzalida et al. 2022). We also find the problem arising in many subdomains of 
perceptual psychology, for instance, in studies on time perception (Yarrow et al. 
2011), on biases induced by previous perceptual decisions on currently perceived 
stimuli (e.g., St-​John-​Saaltink et al. 2016; Fritsche et al. 2017), on the effects 
of attention on judgments of length (Milner et al. 1992), or other appearance 
judgments such as perceived contrast (Carrasco et al. 2004; 2008; Prinzmetal 
et al. 2008).

	 9	 See Mather and Sharman (2015) for a similar result with a different method. See 
also Witthoft et. al (2018) for a study trying to dissociate perceptual and decision 
biases in a different kind of after-​effects by using response time measures.

	10	 Because a null result does not indicate that the null hypothesis (i.e., no effect of 
excitability on accuracy) is true, Iemi and Busch (2018) also computed Bayesian 
Factors to determine the plausibility of the null hypothesis in the case of the 
discrimination task. They report that “The [Bayesian Factors] analysis revealed that 
the proportion of data points in favour of a null effect on 2IFC discrimination 
accuracy by far outnumbered the proportion of data points in favour of an 
effect” (Iemi and Busch 2018, 15), which indicates that the null hypothesis was 
probably true: There was no effect of reduced α-​ and β-​power on accuracy in the 
discrimination task.
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