COGNITIVE SCIENCE

A Multidisciplinary Journal

Cognitive Science 47 (2023) e13239

© 2023 Cognitive Science Society LLC.
ISSN: 1551-6709 online

DOI: 10.1111/cogs.13239

This article is part of the “Progress & Puzzles of Cognitive Science” letter series.

Hidden Differences in Phenomenal Experience

Gary Lupyan,® ® Ryutaro Uchiyama,” Bill Thompson,® Daniel Casasanto?

“Department of Psychology, University of Wisconsin-Madison
bNanyang Technological University NTU-Cambridge Centre for Lifelong Learning and Individualised Cognition
¢Department of Psychology, University of California, Berkeley
dDepartment of Human Development & Department of Psychology, Cornell University

Received 2 September 2022; received in revised form 11 November 2022; accepted 6 December 2022

Abstract

In addition to the many easily observable differences between people, there are also differences in
people’s subjective experiences that are harder to observe, and which, as a consequence, remain hidden.
For example, people vary widely in how much visual imagery they experience. But those who cannot
see in their mind’s eye, tend to assume everyone is like them. Those who can, assume everyone else
can as well. We argue that a study of such hidden phenomenal differences has much to teach cognitive
science. Uncovering and describing this variation (a search for unknown unknowns) may help predict
otherwise puzzling differences in human behavior. The very existence of certain differences can also
act as a stress test for some cognitive theories. Finally, studying hidden phenomenal differences is
the first step toward understanding what kinds of environments may mask or unmask links between
phenomenal experience and observable behavior.

Keywords: Phenomenology; Individual differences; Perception; False consensus; Cryptic variation;
Neurodivergence

On April 22, 2016, Blake Ross, the co-creator of the Mozilla web browser published a
Facebook post that quickly went viral. It began: “I just learned something about you and it
is blowing my [expletive] mind.” What did Ross learn? That the phenomenal experience of
most other people was very different from his own:
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“I have never visualized anything in my entire life. I can’t ‘see’ my father’s face or
a bouncing blue ball, my childhood bedroom or the run I went on ten minutes ago. I
thought ‘counting sheep’ was a metaphor. I'm 30 years old and I never knew a human
could do any of this.” (B. Ross, 2016)

It turns out that realizations such as Ross’s (of what is now called aphantasia, Zeman,
Dewar, & Della Sala, 2015) are not isolated cases. In April 2016, Erika Hayasaki (2016) wrote
about Susie McKinnon, a middle-aged woman with no autobiographical memory: “She knew
that other people claimed to have detailed memories, but she always thought they embellished
and made stuff up—just like she did.” Cases as extreme as McKinnon’s are rare, but have led
to the discovery of large-scale individual differences in autobiographical memory (Palombo,
Sheldon, & Levine, 2018; Sheldon, Farb, Palombo, & Levine, 2016) of which individuals are
largely unaware. And then, there was Cates Holderness, a Buzzfeed community manager who
on February 26, 2015 set the internet ablaze by posting a picture of a dress (#theDress; 2015).

From a young age, we notice differences between people: some people are tall, some are
shy, and some are faster runners. But the three differences described above are of a different
sort. These phenomenal differences concern differences in inner experiences that are easy
enough to observe in ourselves, but difficult to observe in others. And so, such differences
tend to stay hidden, remaining out of sight, and so, out of mind.

We are not surprised to learn that what looks vaguely greenish to us may appear vaguely
blueish to someone else. But, prior to #theDress, we had no reason to think that what looks
like an obviously white-and-gold dress could appear qualitatively different to a friend looking
over our shoulder at the identical image. Similarly, someone who does not experience visual
imagery has no reason to assume that others do; someone who experiences color-grapheme
synesthesia has no reason to think that others do not. It is only when we start to carefully
compare notes that we realize our perceptual and cognitive worlds often differ in striking
ways.

Some hidden phenomenal differences are being actively studied. Researchers are describ-
ing the variation, relating it to differences in behavior, and in some cases, trying to understand
the developmental origins of this variation. Examples include differences in visual imagery
(Dawes, Keogh, Andrillon, & Pearson, 2020; Kay, Keogh, Andrillon, & Pearson, 2022), inner
speech (Alderson-Day & Fernyhough, 2015; Hurlburt, Heavey, & Kelsey, 2013; Roebuck &
Lupyan, 2020), autobiographical memory (Berntsen, Hoyle, & Rubin, 2019; Palombo et al.,
2018), and what is probably the hidden phenomenal difference par excellence, synesthesia
(Cuskley, Dingemanse, Kirby, & van Leeuwen, 2019; Eagleman, Kagan, Nelson, Sagaram, &
Sarma, 2007; Jewanski, Simner, Day, Rothen, & Ward, 2020).

But how do we go about discovering new phenomenal differences—a search for unknown
unknowns? In an attempt to make some of these known, we have been administering ques-
tionnaires inspired by a combination of social media posts, discussions on Reddit (e.g., Phan-
tomomega, 2020), and casual conversations with colleagues and students. We then deployed
these questionnaires to college students and crowdworkers. Three examples of hidden phe-
nomenal differences are shown in Fig. 1-left. Are these differences really hidden? To find
out, we can leverage a method used in the study of false-consensus effects (L. Ross, Greene,
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Fig. 1. Examples of hidden phenomenal differences. (a, b) Results from two questions from a formal survey. Left:
response profiles (n = 500). Right: a new validation sample (n = 80) in which participants were asked questions
about themselves and others. (c) Informal classroom survey (n = 60) inspired by Reddit posts about imaginary
ninjas. High self-other correlations suggest that participants are projecting their experiences onto others and hint
that the phenomenal difference in question is partially hidden. For example, of the 14 people who strongly agreed
that on closing their eyes they see a constant shade of black, all thought that others do as well, at least somewhat.
Of the seven who strongly disagreed, none thought others somewhat or strongly agreed with this statement.
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& House, 1977) wherein people are asked to respond about themselves and about others.
A strong correlation between self-other responding implies people think others are just like
them. In all three of these cases (Fig. 1-right), we see precisely this, with correlations around
r = .6. In contrast, when we ask people about personal preferences (e.g., putting milk in cof-
fee) or about observable behaviors (e.g., typical bedtime), the self-other correlations are much
lower, on the order of r = .15.

The high self-other correlation helps explain the shock that often accompanies people’s
realization that their experience is not shared by others. It simply does not occur to us (scien-
tists and laypersons alike) that something as basic as closing our eyes should be accompanied
by very different experiences, but they are(Fig. 1a)!' There is an additional reason, however,
why these differences remain hidden: their consequences for everyday behavior are often
much more subtle than we expect (arguably, if the behavioral effects were much larger, the
phenomenal difference would cease to be hidden!)

Why do these hidden phenomenal differences exist? What are the consequences of dis-
covering them for cognitive science (and for cognitive scientists)? One answer to the why
question may at first seem circular: They exist because they can. For example, the reason
there is not much variability in the location of the human nose is—presumably—because
allowing it to vary would wreak havoc on numerous developmental cascades. The existence
of substantial hidden variability in imagery, inner speech, synesthesia, and in many other still-
to-be-discovered domains suggests that this variability can exist (and can accumulate) without
wreaking such havoc.

A parallel situation may exist in genetics. “Cryptic genetic variation” is a genetic varia-
tion without clear phenotypic correlates. It has been argued that this variation provides an
important reservoir of latent variability that becomes unmasked in new environments or dur-
ing environmental shocks (Le Rouzic & Carlborg, 2008; Paaby & Rockman, 2014). This
environmental unmasking of cryptic genetic variation can then rapidly boost trait heritability.
For example, in stickleback fish, a move from a saltwater to a freshwater habitat is accom-
panied by a 30-fold increase in the heritability of body size in the immediate next generation
(McGuigan, Nishimura, Currey, Hurwit, & Cresko, 2011).

Why are hidden phenomenal differences of interest to cognitive science? First, understand-
ing variation in people’s phenomenal experiences may help predict and explain behavioral
differences. For example, if people with an early aptitude for music were discovered to rep-
resent music in an especially spatial way (Hassler, Birbaumer, & Feil, 1985), this difference
would shed light on the nature of musical aptitude. But phenomenal differences may be of
interest even if links to behavior are subtle or absent; this subtlety hints at hidden robustness.
Indeed, gross similarities in behavior in the face of different phenomenal experiences suggest
the presence of new ways of accomplishing a task (e.g., using kinesthetic imagery in place of
visual imagery for visual working memory tasks) which can be understood within the larger
biological principle known as degeneracy (Edelman & Gally, 2001)—which confers robust-
ness to biological processes.

Consider color blindness. This easy-to-establish perceptual difference has seemingly obvi-
ous behavioral consequences. And yet, prior to testing, about half of people with color blind-
ness have no idea their color vision is different from others (Miles, 1929). How could this
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be? Should not they routinely make identification and naming errors? Turns out, they do not.
Outside the lab, identification and naming are robust enough to not be much affected by such
deficiencies in color perception (Bonnardel, 2006).

Second, discoveries of hidden phenomenal differences provide stress tests for theories. For
example, given the prominence of visual imagery in cognitive theorizing (Barsalou, 2008;
Ishai & Sagi, 1995; Kosslyn, 2005), one might think that its absence would lead to massive
behavioral consequences, for example, vastly different performance on tests of visual working
memory.” Yet, behavioral differences accompanying aphantasia are quite subtle (Bainbridge,
Pounder, Eardley, & Baker, 2021). For example, aphantasics and typical imagers show similar
accuracy on visual working memory tasks (Keogh, Wicken, & Pearson, 2021). Further exami-
nation reveals that aphantasia is associated with the use of different strategies and is associated
with different patterns of task correlations. We find similar kinds of subtle effects when we
examine the consequences of differences in inner speech (Roebuck & Lupyan, 2020), another
phenomenal difference that one might expect to have large behavioral consequences. To the
extent that inner speech is sometimes viewed as constitutive of (at least some types of) rea-
soning (Carruthers, 2002), the presence of people who do not experience inner speech and yet
appear to have normal reasoning, presents a challenge.

Third, studying hidden phenomenal differences provides an opportunity to observe how
differences without obvious links to behavior can become unmasked or masked in new envi-
ronments. For example, dyslexia might remain a hidden difference in a culture where no one
learns to read. Conversely, differences in people’s sense of direction can become hidden when
everyone relies on a personal global positioning device (GPS) for navigation. How many other
such cases might exist?

Hidden phenomenal differences may also help us to understand the behavior of cognitive
scientists. Assuming that others are just like us means that a researcher with vivid visual
imagery is likely to place imagery in a more theoretically central position than someone with
poor imagery (Faw, 2009; Reisberg, Pearson, & Kosslyn, 2003). There is reason to think that
this relationship between imagery and theorizing is far from the only case where personal
phenomenal experiences guide the cognitive science we as researchers do.

In our pursuit of an objective generalizable science of the mind, cognitive scientists have
inherited a tendency from our behaviorist predecessors: to ignore subjective experience, espe-
cially when such experience is variable or idiosyncratic. But the dramatic variability in peo-
ple’s inner experiences is a rich source of information about how minds work. The study of
these phenomenal differences can help us understand which ostensibly universal components
of cognitive theories may be optional, and how similar behaviors can arise from different
mechanisms. It can also help to keep us humble in the realization that the “psychic unity of
humankind” does not imply a unity of inner experience.

Notes

1 This particular difference in “eigengrau” appears to be a variety of “visual snow”
(Schankin & Goadsby, 2015).
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2 Could it be that the reason it is hard to find behavioral correlates of aphantasia is that
people are just failing to correctly report their experience, that is, that aphantasia does
not really exist? There is legitimate reason to doubt self-report in some cases, for exam-
ple, concerning perceptual qualities of dreams (Schwitzgebel, 2013). But when it comes
to aphantasia, objective behavioral correlates do exist (e.g., Dawes, Keogh, Robuck, &
Pearson, 2022; Kay, Keogh, Andrillon, & Pearson, 2022). Additionally, if you, the reader,
are confident that you experience mental images, why suspect that others are confabulat-
ing when they report not experiencing them?

References

Alderson-Day, B., & Fernyhough, C. (2015). Inner speech: Development, cognitive functions, phenomenology,
and neurobiology. Psychological Bulletin, 141(5), 931.

Bainbridge, W. A., Pounder, Z., Eardley, A. F., & Baker, C. L. (2021). Quantifying aphantasia through drawing:
Those without visual imagery show deficits in object but not spatial memory. Cortex, 135, 159-172.

Barsalou, L. W. (2008). Grounded cognition. Annual Review of Psychology, 591, 617-645.

Berntsen, D., Hoyle, R. H., & Rubin, D. C. (2019). The Autobiographical Recollection Test (ART): A measure
of individual differences in autobiographical memory. Journal of Applied Research in Memory and Cognition,
83,305-318.

Bonnardel, V. (2006). Color naming and categorization in inherited color vision deficiencies. Visual Neuroscience,
23(3-4), 637-643.

Carruthers, P. (2002). The cognitive functions of language. Behavioral and Brain Sciences, 256, 657-674.

Cuskley, C., Dingemanse, M., Kirby, S., & van Leeuwen, T. M. (2019). Cross-modal associations and synesthesia:
Categorical perception and structure in vowel-color mappings in a large online sample. Behavior Research
Methods, 514, 1651-1675.

Dawes, A. J., Keogh, R., Andrillon, T., & Pearson, J. (2020). A cognitive profile of multi-sensory imagery, memory
and dreaming in aphantasia. Scientific Reports, 101, 10022.

Dawes, A. J., Keogh, R., Robuck, S., & Pearson, J. (2022). Memories with a blind mind: Remembering the past
and imagining the future with aphantasia. Cognition, 227, 105192.

Eagleman, D. M., Kagan, A. D., Nelson, S. S., Sagaram, D., & Sarma, A. K. (2007). A standardized test battery
for the study of synesthesia. Journal of Neuroscience Methods, 1591, 139-145.

Edelman, G. M., & Gally, J. A. (2001). Degeneracy and complexity in biological systems. Proceedings of the
National Academy of Sciences, 9824, 13763—13768.

Faw, B. (2009). Conflicting intuitions may be based on differing abilities: Evidence from mental imaging research.
Journal of Consciousness Studies, 164, 45-68.

Hassler, M., Birbaumer, N., & Feil, A. (1985). Musical talent and visual-spatial abilities: A longitudinal study.
Psychology of Music, 132, 99-113.

Hayasaki, E. (2016). The strange case of the woman who can’t remember her past. Wired. Retrieved from https:
/Iwww.wired.com/2016/04/susie-mckinnon-autobiographical-memory-sdam/

Holderness, C. (2015). What colors are this dress? BuzzFeed. Retrieved from http://www.buzzfeed.com/catesish/
help-am-i-going-insane-its-definitely-blue

Hurlburt, R. T., Heavey, C. L., & Kelsey, J. M. (2013). Toward a phenomenology of inner speaking. Consciousness
and Cognition, 224, 1477-1494.

Ishai, A., & Sagi, D. (1995). Common mechanisms of visual-imagery and perception. Science, 268(5218), 1772—
1774.

Jewanski, J., Simner, J., Day, S. A., Rothen, N., & Ward, J. (2020). The “golden age” of synesthesia inquiry in the
late nineteenth century (1876—1895). Journal of the History of the Neurosciences, 292, 175-202.

IPUOD PUE SWB 1 341 39 *[E202/TO/ZT] U0 AX1q1T3UIIUO ASIIA ‘P ABOJOUEE JO 1B A WED USIPEN'USUOSSIA JO ASIBAIN AQ 6EZET SBOO/TTTT OT/I0pALCD™ /3|1 ARIGIPUIIUO//SANY W01} PAPEOIUMOQ ‘T ‘E20C ‘6029TSST

fomAriqipul

35UBD|7 SUOLULLIOD BAIERID 3eal|dde ay Aq pausenob are sapo1Le YO ‘88N JO Sajn1 104 Akeiqi aunjuO AS|Im Uo


https://www.wired.com/2016/04/susie-mckinnon-autobiographical-memory-sdam/
https://www.wired.com/2016/04/susie-mckinnon-autobiographical-memory-sdam/
http://www.buzzfeed.com/catesish/help-am-i-going-insane-its-definitely-blue
http://www.buzzfeed.com/catesish/help-am-i-going-insane-its-definitely-blue

G. Lupyan et al./ Cognitive Science 47 (2023) 70of7

Kay, L., Keogh, R., Andrillon, T., & Pearson, J. (2022). The pupillary light response as a physiological index of
aphantasia, sensory and phenomenological imagery strength. eLife, 1/, €72484.

Keogh, R., Wicken, M., & Pearson, J. (2021). Visual working memory in aphantasia: Retained accuracy and
capacity with a different strategy. Cortex, 143, 237-253.

Kosslyn, S. M. (2005). Mental images and the brain. Cognitive Neuropsychology, 22(3-4), 333-347.

Le Rouzic, A., & Carlborg, O. (2008). Evolutionary potential of hidden genetic variation. Trends in Ecology &
Evolution, 231, 33-37.

McGuigan, K., Nishimura, N., Currey, M., Hurwit, D., & Cresko, W. A. (2011). Cryptic genetic variation and
body size evolution in threespine stickleback. Evolution, 654, 1203-1211.

Miles, W. (1929). One hundred cases of color-blindness detected with the Ishihara test. Journal of General Psy-
chology, 24, 535-543.

Paaby, A. B., & Rockman, M. V. (2014). Cryptic genetic variation: Evolution’s hidden substrate. Nature Reviews
Genetics, 154, 247-258.

Palombo, D. J., Sheldon, S., & Levine, B. (2018). Individual differences in autobiographical memory. Trends in
Cognitive Sciences, 227, 583-597.

Phantomomega.  (2020).  Thanks, I hate my imaginary ninja [Reddit Post]. R/TIHIL
www.reddit.com/r/TIHI/comments/kcsedh/thanks_i_hate_my_imaginary_ninja/

Reisberg, D., Pearson, D. G., & Kosslyn, S. M. (2003). Intuitions and introspections about imagery: The role of
imagery experience in shaping an investigator’s theoretical views. Applied Cognitive Psychology, 172, 147—
160.

Roebuck, H., & Lupyan, G. (2020). The Internal Representations Questionnaire: Measuring modes of thinking.
Behavior Research Methods, 52, 2053-2070. https://doi.org/10.3758/s13428-020-01354-y.

Ross, B. (2016). Aphantasia: How it feels to be blind in your mind. Retrieved from https://www.facebook.com/
notes/2862324277332876/

Ross, L., Greene, D., & House, P. (1977). The “false consensus effect”: An egocentric bias in social perception
and attribution processes. Journal of Experimental Social Psychology, 133, 279-301.

Schankin, C. J., & Goadsby, P. J. (2015). Visual snow—Persistent positive visual phenomenon distinct from
migraine aura. Current Pain and Headache Reports, 196, 23.

Schwitzgebel, E. (2013). Perplexities of consciousness (Reprint edition). Bradford Books.

Sheldon, S., Farb, N., Palombo, D. J., & Levine, B. (2016). Intrinsic medial temporal lobe connectivity relates to
individual differences in episodic autobiographical remembering. Cortex, 74, 206-216.

Zeman, A., Dewar, M., & Della Sala, S. (2015). Lives without imagery—Congenital aphantasia. Cortex, 73, 378—
380.

IPUOD pue Wi | 8y} 88S *[€202/T0/2T] U0 ARigiauliuo A|IM ‘Pue ABojoyred Jo Juewiedsq Wed UoSIPeN'USUOOSIM J0 AISIBAIIN AQ 6EZET SBOO/TTTT'OT/I0p/LOY A8 |1M AR.q1BUIIUO//SANY WO4 pepeojunmod ‘T ‘€202 ‘6029TSST

fomAriqipul

35UBD|7 SUOLULLIOD BAIERID 3eal|dde ay Aq pausenob are sapo1Le YO ‘88N JO Sajn1 104 Akeiqi aunjuO AS|Im Uo


https://doi.org/10.3758/s13428-020-01354-y
https://www.facebook.com/notes/2862324277332876/
https://www.facebook.com/notes/2862324277332876/

