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Nonconscious Processing

That information processed outside awareness can affect 
downstream perceptions, judgments, and behaviors is widely 

accepted, even axiomatic, in many fields of psychology.

Seminal works in, for example, social (Fazio, 2001), emotional 
(Zajonc, 1980), and cognitive psychology (Kihlstrom, 1987), 

laid the foundation for a vast literature on the consequences 
of nonconscious processes.
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That information processed outside awareness can affect downstream perceptions, judgments, and behaviors is widely accepted, even axiomatic, in many fields of psychology. Seminal works in, for example, social (Fazio, 2001), emotional (Zajonc, 1980), and cognitive psychology (Kihlstrom, 1987), laid the foundation for a vast literature on the consequences of nonconscious processes. 



Exploring Nonconscious Processing

Central to this research is minimizing the 
influence of conscious processing
•Often done so via subliminal presentations:

• Short Durations
• Masking
• Continuous Flash Suppression
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Presentation Notes
Central to this research is minimizing the influence of conscious processing, a criterion often met through the use of various forms of subliminal stimulus presentation (e.g., short presentations, masking, continuous flash suppression). 



Measuring Awareness of Subliminal Stimuli

Standard to ensure participants are unaware by conducting an 
awareness check using an awareness measure.
Common to see different awareness measures utilized 
between studies, e.g., 
• detection task
• alternative forced choice recognition task
• verbal reports
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It is standard practice in work employing subliminal stimuli to ensure that participants are indeed unaware of the quickly presented stimuli by conducting an awareness check using an awareness measure. Although this is an important consideration, there is no established standard for what measure is best to check for awareness. It is common to see vastly different awareness measures utilized between studies (e.g., detection task, forced recognition task, verbal reports) without authors detailing a justification for why a particular measure was chosen (van der Ploeg et al., 2017). Nonetheless, researchers have and continue to make claims of participant (un)awareness based on loose operationalizations of the concept “awareness” and idiosyncratic standards and practices for testing participant knowledge. 



Are Different Measures all Measuring 
Awareness?

There is no established standard for what constitutes 
awareness.

This is reflected in measures that vary in their 
discrimination threshold (i.e., level of awareness 
needed for a correct response)

Which measure measures awareness? 
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States of “Awareness”

Awareness is not an all-or-none phenomenon (i.e., one is 
totally aware or unaware), but a gradual process spanning nil 
to complete awareness, between which lay gradients of 
partial awareness (Lähteenmäki et al., 2015; Mangan, 2001; 
Sandberg et al., 2010).

‘Awareness’ can therefore refer to distinct levels along a 
continuum (i.e., states of awareness; Overgaard et al., 2005) 
which necessarily implies that different measures may tap 
different states. 
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Presentation Notes
It has been suggested that awareness is not an all-or-none phenomenon (i.e., one is totally aware or unaware), but is better understood as a gradual process spanning nil to complete awareness, between which lay gradients of partial awareness (Lähteenmäki et al., 2015; Mangan, 2001; Sandberg et al., 2010). ‘Awareness’ can therefore refer to distinct levels along a continuum (i.e., states of awareness; Overgaard et al., 2005) which necessarily implies that different measures may tap different states. 



Measuring Different States of “Awareness”

Subjective awareness requires a perceiver to classify the 
phenomenological experience or identify the stimulus unprompted
• No information provided to observer
Objective awareness requires that perceivers perform at above 
chance in some form of object detection or alterative forced-choice
• Some information provided to observer

The distinction between subjective versus objective awareness/ 
measures is in their discrimination thresholds; the state of 
awareness needed for correct response.
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These states can be roughly divided into those constituting subjective versus objective awareness. Subjective awareness requires a perceiver to classify the phenomenological experience or identify the stimulus unpromptedObjective awareness requires that perceivers perform at above chance in some form of object detection or alterative forced-choiceThe distinction between subjective versus objective awareness/ measures is in their discrimination thresholds; the state of awareness needed for correct response.



So What’s the Big Deal?

Ignoring the complexity of what is and measuring 
“awareness” create problems for research relying on 
presenting stimuli beyond awareness. Not a new issue.

But researchers have and continue to make claims of 
participant (un)awareness based on loose operationalizations 
of the concept “awareness” and idiosyncratic standards and 
practices for testing participant knowledge. 
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Discussion of awareness measures stretches back decades (e.g., Chessman & Merikle, 1984). Yet it has received little recent attention and continues to be overlooked in work employing subliminal stimuli. Nonetheless, researchers have and continue to make claims of participant (un)awareness based on loose operationalizations of the concept “awareness” and idiosyncratic standards and practices for testing participant knowledge



Two Challenges Common to Research Using 
Subliminal Presentations
1. The use of various awareness measures between studies 

makes it difficult to interpret claims about subliminality
and participant unawareness within any given study.

• Beyond the conclusions of one program of research, the 
atheoretical choice of measure makes moving the field 
forward difficult as extensions of prior work might not be 
sensitive to how awareness was previously measured. 
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This exemplifies two challenges common to research using subliminal presentations. First, the use of various awareness measures between studies makes it difficult to interpret claims about subliminality and participant unawareness within any given study. Meaning, beyond the conclusions of one program of research, the atheoretical choice of measure makes moving the field forward difficult as extensions of prior work might not be sensitive to how awareness was previously measured. 



Two Challenges Common to Research Using 
Subliminal Presentations
2. Awareness is undefined (or, perhaps, undefinable) if it is a 

relative standard characterized within the confines of the 
measure used to test for it. 

• If the operationalization of awareness is directly linked to 
how one chooses to measure awareness, it renders such 
tests as mere manipulation checks and says nothing about 
awareness per se. 
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Second, awareness is undefined (or, perhaps, undefinable) if it is a relative standard characterized within the confines of the measure used to test for it. That is, if the operationalization of awareness is directly linked to how one chooses to measure awareness, it renders such tests as mere manipulation checks and says nothing about awareness per se. 



How Do I Know This is a Problem?

Spoiler Alert: My attempts to measure participant awareness 
of different classes of subliminal stimuli (e.g., positive, 
neutral, negative, threatening) led to different conclusions 
about participant awareness.

Trial structure (i.e., stimulus duration, masking parameters) 
remained nearly constant, but changing the dependent 
variable modified the discrimination threshold (i.e., level of 
awareness needed for a correct response) between tasks.
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I became aware of these issues through my own attempts to measure awareness. The data I’m going to present are the result of various efforts measuring participant awareness of different classes of subliminal stimuli (e.g., positive, neutral, negative, threatening) across several studies examining physiological responses to those stimuli. I’m going to spoil the findings a bit, and just say up front that although the trial structure (i.e., stimulus duration, masking parameters) remained nearly constant across tasks, changing the dependent variable modified the discrimination threshold (i.e., level of awareness needed for a correct response) between tasks.



So Here’s What Happened to Me.
Study 1: Object Detection Task
Study 2: Alternative Forced Choice Tas
Study 3: Conscious Perception

All studies used the same stimuli (negative, neutral, positive, threat).
• Trials per stimulus category were equal in each study (25% per category)
• Stimuli presented on 144hz high-speed monitor
Two versions of each study
• (a) Pre- and post-mask (i.e., sandwich mask) versus (b) only post-mask



Study 1a and 1b: Object Detection Task
Study 1a (N=47) and Study 1b (N=135)
• Participants told that an image may be presented very quickly 

• 50% of 100 trials contained a stimulus

• Task was to indicate via keypress whether an image was presented
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In both studies, participants were told that we were interested in how well people detect images that are presented very quickly. They were informed that during the trial, sometimes an image would be flashed very quickly, while other times no image would be presented. Their task was to indicate whether an image was presented.The trial concluded with a prompt asking whether they thought an image was presented.



Study 1a and 1b: Object Detection Task
In detection tasks, people often evidence a bias towards responding with 
either yes or no. Therefore, I used signal detection analyses. 
d’: difference between probabilities of a hit in relation to a false alarm
c: bias toward saying yes or no on any given trial

• c = 0, no bias toward responding yes or no
• -c indicates a liberal bias (i.e., more likely to say yes than no)
• +c indicates a conservative bias (i.e., more likely to say no than yes)

a’: analogous to d’ but accounts for the correlated nature of d’ and c (Stanislaw & 
Todorov, 1999)

• a’ ranges from .5 (signal indistinguishable from noise) to 1 (perfect performance)



Study 1a and 1b: Object Detection Task
Table 1. Response metrics for Studies 1a and 1b

Stimulus
Study 1a Study 1b

% 
correct d' c a' % 

correct d' c a'

Negative 35 0.91 .927 .637 35 .534 .956 .569

Neutral 47 1.25 .758 .708 41 .692 .877 .618

Positive 40 1.07 .850 .670 35 .526 .960 .577

Threatening 46 1.23 .770 .746 41 .669 .888 .607

• Poor to average guessers (<50%), driven by conservative bias toward 
saying no

• a’ indicates better than chance, but driven by many correct noes
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c is a direct derivation of d’, hence I didn’t anlayze c; on average, c is highly positive, indicating participants were liberally biased toward responding that no stimulus was presented.According to a’, people displayed an above-chance ability to determine the presence of a subliminal stimulus. Some of this is due a consistent and liberal bias toward saying that nothing was presented resulting in few false-alarms (as evidenced by positive c values close to 1) and inflated d’ values. This tendency was even more pronounced in Study 1b vs. 1a (i.e., larger c values), indicating that participants had a harder time determining the presence of a stimulus during sandwich- vs. only post-masking. This interpretation is supported by the smaller d’ and a’ (i.e., sensitivity) values found in Study 1b than 1a. There were also category level differences in awareness that aren’t the focus of this talk but may indicate that the mind is better able to perceive features more inherent in or sense the presence of certain types of stimuli than others. 



Study 2a and 2b: Alternative Forced Choice
Study 2a (N=44) and Study 2b (N=80)
• Participants told an image would be presented very quickly 

• All 100 trials contained a stimulus

• Task was to indicate via keypress which image was presented
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In both studies, participants were told that we were interested in how well people can identify images that are presented very quickly. They were informed that during the trial, an image would be flashed very quickly. Their task was to choose from a selection which image was presented. Study 2a, participants were presented with a grid of 8 choices of which two images each were negative, neutral, positive, or threatening. In Study 2b, participants were presented with 3 choices, each image from the same category as the subliminal image. I changed the forced-choice option aspect of the design from Study 2a to 2b to correct a design flaw whereby people showed a response bias toward the neutral and positive categories, inflating accuracy for these categories, and diminishing accuracy for the negative or threatening categories. More details on this on the results slide.



Study 2a and 2b: Alternative Forced Choice
Study 2a

Stimulus 
Category

Chosen Category
Negative Neutral Positive Threat

Negative 11.6% (+ 5.6%) 30.3% 35.2% 17.4%
Neutral 11.0% 37.5% (+ 11.8%) 25.7% 14.0%
Positive 13.6% 31.4% (19.0% + 16.2%) 19.8%
Threat 12.8% 24.0% 31.7% (21.0% + 10.5%)

“I couldn’t tell what any of the images were, I just picked the pleasant ones.”

Study 2b
Stimulus Category % Correct

Negative 48.9%
Neutral 59%
Positive 54.3%
Threat 46.1%

Note: Chance is 33% correct

“I could not really see the images, 
but it was almost like I could see 
outlines for a split second after the 
image had passed.”
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Negative: 17.2Neutral: 49.3Positive: 36.2Threat: 31.5At first glance it appears as though participants in Study 2a were much more accurate at identifying the subliminally presented stimulus when it was neutral, least accurate when it was negative, and somewhere between for threatening and positive. Yet, this pattern appears to be driven by a design flaw. By examining Table 2, we can see that participants chose the neutral and positive options much more frequently, regardless of the subliminal stimulus category. Indeed, one participant noted in their post-session feedback, “I couldn’t tell what any of the images were, I just picked the pleasant ones.”There were also category level differences in awareness. Although the flawed design of Study 2a precluded making inferences about accuracy, it does imply that voluntary category response bias is an important consideration when designing forced-choice tasks. That is, the opportunity to avoid looking at or choosing certain classes of stimuli (e.g., gross, threatening) can lead to an artificially deflated measure of awareness of these categories and, commensurately, an artificially inflated measured of awareness of others. The results from Study 2b implied that people were most accurate when choosing the selection that matched subliminally presented neutral stimuli but least accurate when matching  threatening stimuli. Accuracy to positive and negative stimuli fell in between. The inaccuracy to threat is in contrast to the results of Studies 1a/b. This may be because awareness here is somewhat the result of feature matching. Indeed, one participant stated, “ I could not really see the images, but it was almost like I could see outlines for a split second after the image had passed.” That is, this may indicate that the mind is better able to perceive features more prevalent in certain stimuli. Meaning, like Studies 1a/b, these results do not mean speak to whether people were consciously aware of what they saw, but only that they were able to discriminate certain features. So, in the next studies, we tested awareness at the level of conscious perception.



Study 3a and 3b: Conscious Perception
Study 2a (N=43) and Study 2b (N=50)
• Participants told an image would be presented very quickly 

• All 100 trials contained a stimulus

• Paid 1$ for every correct answer, no penalty for guessing
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In both studies, participants were told that we were interested in presenting images so quickly that they cannot be seen. They were informed that during each trial, an image would be flashed very quickly. Their task was to type a brief description of the image. To provide an incentive for accuracy, they received $1 for each correct answer. There was no penalty for incorrect answers. It was expected that this would encourage them to guess even if they were uncertain. 



Study 3a and 3b: Conscious Perception

 

Stimulus 
 Study 3a  Study 3b 

 Don’t 
Know  Incorrect 

Guess  Correct 
Response  Don’t 

Know  Incorrect 
Guess  Correct 

Response 
Negative  73%  26%  1%  80%  19.8%  0.2% 
Neutral  48%  40%  12%  62%  26.3  1.7% 
Positive  68%  26%  6%  80%  19.5%  0.5% 
Threat  60%  36%  4%  76%  23.7%  0.3% 

 

Research assistants blind to the research question scored participant 
responses for accuracy. 
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As in Studies 1 and 2, awareness was generally higher on backward (Study 3a) vs. sandwich masked (Study 3b) trials. People were better able to identify the subliminal stimulus if it was neutral than threatening, positive, or negative. Across studies, people were once again most aware of neutral stimuli, though, people in Study 3a averaged less than 5% correct and in Study 3b averaged less than 1% correct.
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Idiosyncratic Ability
Studies 1a and 1b Study 2b

Studies 3a and 3b
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Study 1: Recall that chance performance in the a’ metric equals 0.5 with 1 equaling perfect performance. As can be seen in Figure 1, there is indeed a wide distribution of performance ability with different individuals across studies ranging from below chance to nearly perfect performance. The negative skew of performance in Study 1a (upper panel) vs. the positive skew of Study 1b (lower panel) indicates that a larger proportion of people performed above chance in Study 1a than 1b. This is reflected in the mean a’ of Study 1a (.72) which is below its median (.77), while, conversely, the mean a’ of Study 1b (.61) is higher than its median (.57). Study 2: Participants varied widely in their abilities to perform the task. As can be seen in Figure 2, accuracy ranged from 11 (31%) to 26 (72%) correct. The mean  (18.75) is almost exactly at the median (19 correct), indicating an unbiased and symmetric distribution of ability. Study 3: Awareness varied as a result of inter-individual differences in intrinsic ability to perceive quickly presented stimuli. As can be seen in the bottom figure, the distributions of performance in both Studies 3a and 3b were positively skewed, though skewness is more extreme in Study 3a than Study 3b. Study 3a had an overall correct mean of 3.67 correct and a median of 2, indicating that few people disproportionately affected mean relative to the whole sample. That is, correct responses were unequally distributed among the participants. For example, in Study 3a, 30 of the 85 total correct neutral responses (35%) were given by only 4 out of 43 total (9%) participants. Conversely, the mean correct tally in Study 3b was .68 with a median of 0, meaning people were much more closely clustered, likely reflecting the increased suppressing effect of the sandwich mask. These results again reflect individual differences in ability to perceive subliminal stimuli.



So, were people aware? 
The results of the three studies point to different conclusion about awareness. 
• Mean performance at chance for object-detection (Study 1a and 1b) 
• Well above chance for forced-choice tasks (Study 2b)
• Performance suffered when awareness was measured as conscious perception 

(Study 3a and 3b)

Within studies, performance varied as a function of both the stimulus type and 
mask.

Across all studies, the most consistent trend involved neutral objects as more 
readily perceived as present, matched, and described than were objects from the 
other categories
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As in Studies 1 and 2, awareness was generally higher on backward (Study 3a) vs. sandwich masked (Study 3b) trials. People were better able to identify the subliminal stimulus if it was neutral than threatening, positive, or negative. 



So, what’s the takeaway? 
Defining “awareness” may be relative. No measure is “best”.

The level of unawareness necessary and the appropriate way to measure awareness 
depends on one’s research goals.

For example, if a research question requires that participants remain unaware of even 
the mere presence of a stimulus, a yes/no task is commensurate with such 
requirements. 

Such liberal tests of awareness may be incongruent with the typical goal of some 
subliminal presentation – to keep stimuli below the threshold for conscious
classification
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My goal is not to suggest that one measure of awareness is best. On the contrary, the level of unawareness necessary and the appropriate way to measure awareness depends on one’s research goals. While no method is better, it should be clear that the appropriate measure may be contingent on the theoretical bases of one’s research goals. If a research question requires that participants remain unaware of even the mere presence of a stimulus, a yes/no task is commensurate with such requirements. But on the other hand, such liberal tests of awareness may be incongruent with the typical goal of some subliminal presentation paradigms – to keep stimuli below the threshold for conscious classification. In this situation, any level of awareness below explicit perception may be satisfactory. And there are many levels of awareness between these two poles not tested in the current work that a researcher may be interested in
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