[Communicative & Integrative Biology 2:4, 332-334; July/August 2009]; ©2009 Landes Bioscience

Article Addendum

The Whorfian mind

Electrophysiological evidence that language shapes perception

Panos Athanasopoulos,!* Alison Wiggett,2 Benjamin Dering,? Jan-Rouke Kuipers2:3 and Guillaume Thierry?:3

1School of Linguistics and English Language; 2Wales Institute of Cognitive Neuroscience; 3Economic and Social Research Council Centre for Research on Bilingualism in

Theory and Practice; Bangor University; Bangor, UK

Key words: Whorf, linguistic relativity, event related potentials, visual mismatch negativity

Color perception has been a traditional test-case of the
idea that the language we speak affects our perception of the
world.! It is now established that categorical perception of color
is verbally mediated and varies with culture and language.?
However, it is unknown whether the well-demonstrated language
effects on color discrimination really reach down to the level of
visual perception, or whether they only reflect post-perceptual
cognitive processes. Using brain potentials in a color oddball
detection task with Greek and English speakers, we demon-
strate that language effects may exist at a level that is literally
perceptual, suggesting that speakers of different languages have
differently structured minds.

Categorical perception is a term used to describe people’s
tendency to perceive perceptual continua such as color as discon-
tinuous discrete categories, resulting in finer discriminations across
category boundaries than within category boundaries.>* It is now
widely accepted that categorical perception of color is constrained
by language. Whether comparing populations from traditional
remote cultures”” or populations matched for technological
sophistication and education,®? the findings unequivocally show
a discrimination advantage for cross-category over within-category
stimuli consistent with the individual’s linguistic partition of the
color spectrum. This has been shown in both offline similarity
judgment tasks'® as well as in online perceptual matching tasks.!!

However, although these studies suggest that we perceive
color categorically, it has been argued that the term Categorical

“Perception” is a misnomer as it is not clear whether response
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patterns reflect low-level perceptual processes rather than higher-
level post-perceptual memory or language processes.lz'14 Thus we
cannot dismiss the assumption of a set of universal color categories,
which are hard-wired in the human visual system.!5-17

In Thierry, Athanasopoulos, Wiggett, Dering and Kuipers,'®
we measured brain potentials in Greek and English speakers to
test the extent to which pre-attentive and unconscious aspects of
perception are affected by an individual’s native language. Greek
differentiates between a light (ghalazio) and a dark (ble) shade of
blue.’ In two experimental blocks, all stimuli were light or dark
blue and in the other two blocks the stimuli were light or dark
green. We instructed participants to press a button when and only
when they saw a square shape (target, probability 20%) within a
regularly paced stream of circles (probability 80%). Within one
block the most frequent stimulus was a light or dark circle (stan-
dard, probability 70%) and the remaining stimuli were circles of
the same hue with a contrasting luminance (deviant, probability
10%), i.e., dark if the standard was light or vice versa.

Crucially, in this study we analyzed brain wave patterns only for
deviance in the color of the circles, not the shape of the stimulus,
which was the focus of attention. We expected luminance deviants
to elicit visual mismatch negativity (VMMN) in all blocks, indexing
pre-attentive change detection, which requires no active response
on the part of the participants.?%?2 The vMMN is elicited by
deviant (rare) stimuli in visual oddball paradigms, independently
of the direction of focused attention?? and is therefore considered
automatic and pre-attentive.???

Consistent with our predictions, we found a vYMMN effect of
similar magnitude for blue and green contrasts in native speakers
of English, but Greek participants perceived luminance deviants
as more different in the blue than in the green blocks, which led
to a greater VMMN effect for blues. We subsequently explored
differences at earlier latencies, focusing on the so-called P1, that
is, the first positive peak elicited by visual stimuli over parietooc-
cipital regions of the scalp, to test for potential differences between
participant groups in a time frame associated with activity in the
primary and secondary visual cortices.?? To our surprise, analysis of
mean peak latencies and mean signal amplitudes between 100 and
130 ms revealed that the P1 peak followed a pattern of differences
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compatible with—and possibly underlying—the differences found
in the vYMMN. Indeed, P1 latencies and amplitudes elicited by
light and dark stimuli were generally overlapped for blues and
greens in English speakers, but again they were different for blues
and greens in Greek speakers.

These results show for the first time a true perceptual effect
of language. This effect is unconscious because color was task-
irrelevant, and pre-attentive because the differences between Greek
and English speakers occurred too early in the visual processing
stream to be the result of assigning and comparing color names
on a given trial. This strongly suggests that our findings reflect
biases introduced into the color perception system itself. Below, we
discuss further two critical aspects of our work. The first concerns
the possibility that the observed differences in visual processing are
caused by differences in visual diet instead of language. The second
relates to the nature of the influence of language on perception.

It is possible that exposure to shades of blue in the natural
environment may account for greater sensitivity to differences
in luminance in Greek speakers. We believe that the visual diet
hypothesis cannot adequately explain our results for the following
reasons. Firstly, it would be difficult to account for the fact that the
deviancy effect observed was very similar in blue and green contexts
in English-native participants who are arguably exposed to many
shades of green, and certainly more so than shades of blue. Indeed,
the vMMN effect was highly comparable for blue and green in
the English participants, and the P1 amplitude/latency patterns
were remarkably overlapped for blue and green standard stimuli.
Secondly, behavioral studies reveal robust categorical perception
effects along the lightness dimension of the blue area of color
space in populations with diverse cultural backgrounds and natural
environments but who all have two terms to distinguish between
a darker and a lighter shade of blue in their respective language,
e.g., Greek,'? Turkish,2 Russian® and Japanese.?> Thirdly, studies
have shown that the categorizations of the Berinmo tribe inhab-

¢ are remarkably similar to the

iting a dense rainforest environment
categorizations of the Himba tribe inhabiting a desert savannah
environment,?® thus differences in color vision between popula-
tions may be too subtle to affect the normal range of human
performance.?’

Nevertheless we do not wish to discount completely visual diet
considerations, as effects of visual diet on color perception still
remain an empirical question. One way to further investigate this
issue is to look at early stages of visual processing in populations
who speak the same language (e.g., English) but who inhabit
distinct visual environments, e.g., British vs. Australian popula-
tions. Another way would be to keep the visual environment
constant and examine speakers of different languages, e.g., Welsh
and English speakers residing in Wales.

We now turn to the extent of linguistic influence on visual
perception. Based on our and recent studies, we may entertain two
alternative scenarios. One possibility is that language is accessed
online even as early as 100 ms. This would mean that traditional
assumptions about the cognitive impenetrability of primary and
secondary visual cortices would need to be revisited. It would also
mean that Greek and English speakers perceive the spectrum in a
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similar fashion at some very early stage of visual processing. Studies
show that when participants rehearse a string of digits language-
induced CP effects disappear.® Therefore it would be highly
desirable to repeat our task with a verbal interference manipula-
tion, however this is not currently possible in an ERP setting due
to movement artifacts produced by such an interference task when
performed overtly.

The alternative possibility is that there is some kind of
permanent restructuring of visual cortex in relation to the visual
distinctions highlighted by one’s native language. If such were the
case, it would mean that information from the retina is perceived
differently by native speakers of Greek and English at the level
of the primary visual cortex, i.e., at no stage of visual perception
would Greek and English speakers perceive the color spectrum
similarly.

Both possibilities are compatible with our claim that language
shapes color perception. In the first instance, the shaping is online,
automatic and unconscious, and we cannot help but let language
invade our visual perception. In the second case, the shaping occurs
gradually during the first few years of life, and results in permanent
physiological differences between populations in the structure of
the visual cortex. In either case, our data strongly suggest for the
first time that language may indeed have an impermeable grip on
color perception, radically reshaping it either online or during the
course of one’s lifetime.

Acknowledgements

Guillaume Thierry and Jan-Rouke Kuipers are supported by
the Economic and Social Research Council UK (RES-E024556-1);
Guillaume Thierry is supported by the European Research Council
(ERC-209704).

References
1. Whorf BL. Linguistics as an exact science. In Carroll JB, ed. Language, Thought and
Reality: Selected Writings of Benjamin Lee Whorf. Cambridge, MA: MIT Press 1956.
2. Roberson D, Hanley JR. Color categories vary with language after all. Curr Biol 2007;
17:605-6.
3. Harnad S. Categorical Perception: The Groundwork of Cognition. Cambridge:
Cambridge University Press 1987.
4. Harnad S. Cognition is categorization. In: Lefebvre C, Cohen H, eds. Handbook of
Categorization. Elsevier 2005.
5. Davidoff J, Davies I, Roberson D. Color categories in a stone-age tribe. Nature 1999;
398:203-4.
6. Roberson D, Davies I, Davidoff J. Color categories are not universal: replications and
new evidence from a stone-age culture. ] Exp Psychol Gen 2000; 129:369-98.
7. Roberson D, Davidoff J, Davies I, Shapiro L. Color categories in Himba: evidence for
the cultural relativity hypothesis. Cogn Psychol 2005; 50:378-411.
8. Winawer J, Witthoft N, Frank MC, Wu L, Wade AR, Boroditsky L. Russian blues reveal
effects of language on color discrimination. Proc Natl Acad Sci 2007; 104:7780-5.
9. Roberson D, Pak HS, Hanley JR. Categorical perception of color in the left and right
visual field is verbally mediated: Evidence from Korean. Cognition 2008; 107:752-62.
10. Kay B, Kempton W. What is the Sapir-Whorf hypothesis? Am Anthrop 1984; 86:65-79.
11. Drivonikou GV, Kay P, Regier T, Ivry RB, Gilbert AL, Franklin A, et al. Further evidence
that Whorfian effects are stronger in the right visual field than in the left. Proc Natl Acad
Sci 20075 104:1097-102.
12. Pilling M, Wiggett A, Ozgen E, Davies IRL. Is color “categorical perception” really
perceptual? Mem Cognit 2003; 31:538-51.
13. Roberson D, Davidoff J. The categorical perception of colours and facial expressions:
The effect of verbal interference. Mem Cognit 2000; 28:977-86.
14. Wiggett AJ, Davies IRL. The effect of Stroop interference on the categorical perception
of colour. Mem Cognit 2008; 36:231-9.
15. Heider ER. Universals in color naming and memory. ] Exp Psychol 1972; 93:10-20.
16. Kay P, McDaniel CK. The linguistic significance of the meanings of basic colour terms.
Language 1978; 54:610-46.

Communicative & Integrative Biology 333



20.

21.

22.

23.

24.

25.

26.

27.

334

The Whorfian mind

. Kay P, Regier T, Cook RS. Focal colors are universal after all. Proc Natl Acad Sci 2005;

102:8386-91.

. Thierry G, Athanasopoulos P, Wiggett A, Dering B, Kuipers JR. Unconscious effects

of language-specific terminology on pre-attentive color perception. Proc Natl Acad Sci
2009; 106:4567-70.

. Athanasopoulos P. Cognitive representation of colour in bilinguals: the case of Greek

blues. Biling Lang Cogn 2009; 12:83-95.

Crigler I, Balazs L, Winkler I. Memory-based detection of task-irrelevant visual changes.
Psychophysiology 2002; 39:869-73.

Crigler I, Balazs L, Pato LG. Visual change detection: event-related potentials are depen-
dent on stimulus location in humans. Neurosci Lett 2004; 364:149-53.

Winkler I, Czigler I, Sussman E, Horvdth J, Baldzs L. Preattentive binding of auditory
and visual stimulus features. ] Cogn Neurosci 2005; 17:320-39.

Mangun GR, Buonocore MH, Girelli M, Jha AP. ERP and fMRI measures of visual
spatial selective attention. Hum Brain Mapp 1998; 6:383-9.

Ozgen E, Davies IRL. Turkish color terms: tests of Berlin and Kay’s theory of color
universals and linguistic relativity. Linguistics 1998; 36:919-56.

Athanasopoulos P, Damjanovic L, Krajciova A, Sasaki M. Representation of colour
concepts in bilingual cognition: the case of Japanese blues. Biling Lang Cogn 2009; in
press.

Roberson D, Davidoff ], Davies IRL, Shapiro LR. The development of color categories
in two languages: a longitudinal study. J Exp Psychol General 2004; 133:554-71.
Davidoff J, Goldstein J, Roberson D. Nature versus nurture: the simple contrast. J Exp
Child Psychol 2009; 102:246-50.

Communicative & Integrative Biology

2009; Vol. 2 Issve 4



