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Perceptual variationin object
perception: A defence

of perceptual pluralism

Berit Brogaard and Thomas Alrik Serensen

1 Introduction

Before reading this chapter, pause for a minute and have a look at your surroundings. Notice
the details of the room and the various objects scattered around it. Perhaps you have just
brewed a cup of coffee, which now sits next to you on your desk. As you direct your attention
towards it, you notice the smell of the coffee and the vapour that slowly ascends from it, con-
veying to you that it is hot and freshly brewed. Taking a sip, you register the coffee’s warmth,
liquidity, and smoothness on your tongue and the bitterness of the mocha flavours.

This brief exercise bears witness to our remarkable abilities to rapidly process, categorize,
and act on the sensory information we extract from our surroundings. In this chapter, we
offer new evidence from philosophy, psychology, and neuroscience that suggests that each of
us harbours unique sensory strategies which constitute the basis of our perceptual abilities to
categorize sensory input. We devise these strategies to solve the different tasks we encounter
in our environment, and our perceptual system structurally adjusts to the strategies that are
most successful (Mannix and Serensen, 2019). Although many of us encounter similar en-
vironmental challenges, and therefore devise similar strategies to solve them, strategies can
vary substantially across different perceivers. So while you and your colleague may agree that
the liquid in the mug is coffee, you may harbour radically different colour, smell, and taste
categories for coffee.

On a common characterization, a sensory individual is the output of perceptual categories
that represent basic or causally unified features (e.g., Green, 2019). Going by this character-
ization, our view entails that when different perceivers view the same distal object in the same
viewing conditions, their perceptual experiences may represent radically different sensory
individuals (i.e., perceptual objects or features).

The thesis we set forth is what we might call ‘pluralism about sensory individuals, or
‘perceptual pluralism’ for short.! Perceptual pluralism encompasses the following three

' As sensory individuals are the products of perceptual categorization, we could also refer to pluralism about
perceptual sensory individuals as ‘pluralism about perceptual categorization. We hasten to say that pluralism about
sensory individuals should not be confused with pluralism about the format of perceptual content (e.g., iconic vs
symbolic) (Quilty-Dunn, 2020).
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114 Sensory Individuals

propositions: (1) how sensory input is categorized is highly variable across different per-
ceivers as a result of them using different perceptual strategies to solve the perceptual prob-
lems they encounter; (2) this variability in perceptual categorization need not be the result
of misperception; and (3) contingent on minor constraints (e.g., not being the product of
deviant brain processes), the resulting perceiver-specific sensory individuals represent actual
features and objects in the external, mind-independent world.

Perceptual pluralism contrasts with what we will call ‘perceptual monism’ To a first ap-
proximation, this is the view that for any sensory input, there is a single correct way to
categorize it. We take this view—in its most extreme iteration—to imply that correctly pro-
cessed and categorized sensory individuals represent external, mind-independent features or
objects in a 1:1 fashion.

Before proceeding, we should clarify what we mean by ‘perceptual strategies. Perceptual
strategies should be kept apart from the cognitive tasks they subserve. For example, an im-
portant cognitive task in everyday life is that of recognizing other people. To solve this task,
one may apply a range of different perceptual strategies, for example, the recognition of facial
features, gait, clothing, voice, context, etc. (Serensen and Overgaard, 2018). With increased
expertise, some strategies may be more successful than others (e.g., using facial features
for identification). In a Hebbian fashion (Hebb, 1949), the brain may increasingly rely on
these strategies. The array of strategies of a particular perceiver thus depends on her specific
expertise.

Acquiring expertise involves a learning process, typically in the form of repetition and
practice, rather than mere instruction. Some forms of expertise require enhanced abilities
to remember, imagine, or control the body. For example, excelling at memory-matching
smartphone games requires developing enhanced memory skills; excelling at mental rotation
games requires developing enhanced imaginative skills, and excelling at line dancing requires
enhanced bodily coordination and balancing skills. A different kind of expertise is percep-
tual expertise. Learning processes that result in perceptual expertise—that is, perceptual
learning—enhance perceptual capacities by altering the structure or function of the percep-
tual system. Three distinct perceptual learning mechanisms have been identified (Chudnoff,
2018; Goldstone, 1998), which we will call ‘differentiation) ‘unitization, and ‘anchoring’?

2 Differentiation as a perceptual learning strategy

Differentiation alters the attentional weight assigned to parts or features of a stimulus
(Cecchi, 2014; Ransom, 2020). On the level of the brain, the receptive fields of the neurons
that initially encode the stimulus adapt to become more sensitive to important features and
structural relations (Gilbert and Sigman, 2007).

This kind of learning was first examined in Gibson and Gibson’s (1955) classic pattern-
matching experiment. The participants (adults, children aged 8.5-11, and children aged 6-8)
were presented with a target card depicting a nonsense scribble for 5 seconds and then a
deck of 34 cards, one at a time, for 3 seconds, to determine for each whether it was a match.

2 An older categorization divides perceptual learning into: ‘imprinting, ‘attentional weighting’ (differentiation),
and ‘chunking’ (unitization) (see, for example, Goldstone (1998)). According to Goldstone (1998), imprinting is the
generation of an internal model, or memory representation, based on repeated exposure to a stimulus.
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Figure 6.1 (A)Nonsense scribbles differingin three dimensions of variation (i.e., number of
coils, compression, and orientation). (B) Nonsense scribbles differing in many dimensions of
variation.

From Gibson and Gibson, 1955.
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Seventeen of the 34 cards were highly similar to the target (Figure 6.1A); 12 were easily dis-
tinguishable from the target (Figure 6.1B), and four matched the target exactly. This process
was repeated (without feedback on accuracy) until the participants made the four correct
identifications in a single trial.

As the results show, each age group had a different learning curve (Table 6.1). For the
adult group, the number of undifferentiated items at the outset was small (mean = 3.0), and
they only needed a few trials to identify the target (mean = 3.1). For the youngest group,
the number of trials needed to identify the target could not be fully determined. The older

Table 6.1 Performance across three age groups

Variable Adults  Older children Younger children
(N=12) (N=10) (N=10)

Mean number of undifferentiated items on first 3.0 7.9 13.4

trial

Mean number of trials required for completely 3.1 4.7 6.7%

specific response

Percentage of erroneous recognitions for items 17 27 53

differing in one quality

Percentage of erroneous recognitions for items 2 7 35

differing in two qualities

Percentage of erroneous recognitions for items 0.7 2 28
differing in three qualities

* Only two of the younger children achieved a completely specific identification. The mean number of undifferenti-
ated items on the last trial (n = 6.7) was still 3.9.

From Gibson and Gibson, 1955.
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Figure 6.2 Atargetscribble (A) and random scribble (A). (Adapted from Figure 6.1A.)

children performed somewhere in between, with a mean of 7.9 undifferentiated items on the
first trial and a mean of 4.7 trials required to identify a target.

Prior to the learning process, participants were able to distinguish the centre scribbles
(Figure 6.2A) from a clear outlier (Figure 6.2B). But after the learning process, the older chil-
dren and adults had acquired the ability to distinguish between pairs of scribbles, which only
differed in the number of coils, compression, and orientation (Figure 6.2A).

The experiment thus demonstrates that detected (or detectable) features of a stimulus (e.g.,
number of coils, compression, orientation) can come to serve as a diagnostic for recognition
after a perceptual learning process.

3 Unitization as a perceptual learning strategy

Unitization, the second variety of perceptual learning, can be viewed as the opposite of
differentiation. Whereas differentiation divides wholes into more differentiated features,
unitization integrates parts into units. An example of expertise that depends on unitization
can be found in chess experts. Studies comparing experts and novices indicate that while
novices can only encode the position of individual chess pieces in short-term memory, ex-
perts are able to encode whole chess configurations (e.g., Gobet and Simon, 1996). The basic
unit encoded is the ‘chunk’ (Miller, 1956; Wenger and Rhoten, 2020), which consists of a
configuration of pieces that are frequently encountered together and that are related by type,
colour, role, and position (Chase and Simon, 1973a, b).

There seem to be no patent differences in thought process statistics (e.g., number of moves
considered, search heuristics, etc.) between expert and novice chess players (de Groot, 1966).
However, studies have found differences in perceptual processing between experts and nov-
ices: experts are able to recall a chess position almost perfectly after viewing it for 5 sec-
onds. What seems to account for this difference is not the experts’ superior memory, but
their ability to perceive the structure of certain positions and encode them as units. Similar
expertise-related enhancements of short-term memory have also been reported with more
general stimuli (e.g., Serensen and Kyllingsbaek, 2012).

Chase and Simon (1973b) tested the hypothesis that expert chess players extract more in-
formation from a chess position than less skilled players, using two tasks. In the perceptual
task, players were asked to reconstruct a position in plain view as quickly and as accurately
as possible. The players were assumed to encode one chunk per glance. The number and
duration of glances at the board were used as an indicator of the size of chunks encoded in
memory. In the memory task, players were asked to reconstruct a position from memory fol-
lowing a 5-second exposure. If they did not reconstruct the position correctly on the first try,
their board was cleared and the task repeated with the same position until they got it right.
The time between the placement of successive pieces was used as an indicator of the size of
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the chunks. The findings indicated that the experts performed superiorly because of their
ability to encode positions into larger perceptual chunks.

In a separate experiment, Chase and Simon (1973a) asked beginners, Class A players, and
Masters to first memorize the steps in a game with 25 positions and then to reconstruct a
specific game position from memory. The initial hypothesis was that novice players would
rely more on the function of individual pieces (e.g., an attack) than spatial patterns of posi-
tions. This was confirmed by the results, which showed that beginners had limited access
to larger patterns in long-term memory: 80% of novices retrieved patterns consisted of a
single piece, indicating that they had to reconstruct positions one piece at a time. Masters
and Class A players recalled patterns consisting of only a single piece, only 26% and 37%
of times, respectively, suggesting access to larger patterns in long-term memory. The more
skilled players were furthermore able to retrieve encoded configurations up to four times
faster than beginners.

A study by Reingold et al. (2001) points to the enhanced skill set of expert chess players
being perceptual rather than conceptual. Here, a minimized 5 x 5 chessboard was displayed
to novice, intermediate, and expert chess players. In session one, configurations fell into two
types: (1) configurations with 2-3 pieces in a checking (‘yes’) condition (e.g., the bishop in one
corner, the king in the diagonal corner); (2) configurations with 2-3 pieces in a non-checking
(‘no’) condition (e.g., the rook in one corner, the king in the diagonal corner) (Figure 6.3).

The players were told to determine as quickly and as accurately as possible whether the
king was in check. The results showed that non-experts responded more slowly when there
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Figure 6.3 Examples of the check configurations. The top row demonstrates ‘yes’ (check) vs
‘no’ (non-check) conditions. The bottom row illustrates the no-cue condition (‘no’ trials) and
conditionsin which a cued non-checking attacker appeared together with an attacker that was
either congruent (i.e., non-checking) orincongruent (i.e., checking).

From Reingold et al., 2001.
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were two attackers than one. The extra piece did not affect experts, which indicates holistic
processing for experts, but non-holistic processing for non-experts. The finding points to the
expert chess players possessing enhanced perceptual skills, enabling them to process chess
configurations perceptually as units.

In the second session, only the two-attacker positions (e.g., bishop/rook plus the king)
from the first part were used and double-check positions were added to create four possible
combinations of checking for both attackers. The non-checking configuration was the con-
gruent condition, and the checking configuration the incongruent condition. On half of the
trials, one of the attackers was cued (in red). Participants were instructed to proceed as be-
fore if there was no cue. If a cue was present, they should ignore the non-coloured attacker. If
the configurations were processed as individual piece, cueing should improve performance
because the player would not need to examine the non-cued checking configuration. But if
the configurations were processed holistically, cueing should not improve performance. The
results showed that cueing only helped experts, suggesting that they process chess configur-
ations holistically. Surprisingly, when a cue was present, experts were faster in the congruent
(non-checking) than the incongruent (checking) condition. This may be due to a Stroop-like
interference (Stroop, 1935), owing to the incongruent (check) relation that was to be ignored
grabbing the experts’ attention. In expert chess players, the Stroop-like interferences may
occur because experts’ enhanced skills, which enabled them to perceive chess configurations
holistically, interfered with tasks requiring non-holistic processing of individual chess pieces.
Thus, training to become an expert alters how we perceptually process stimuli.

4 Anchoring as a perceptual learning strategy

Anchoring, the third type of perceptual learning, improves performance on perceptual cat-
egorization (or recognition) tasks by linking a target category and an unrelated, but biologic-
ally more fundamental or personally more significant, category (Hubel and Wiesel, 1962).
Anchoring can serve as a mnemonic for learning meaningless information (e.g., random
strings of numbers) (e.g., Elmera et al., 2017; Sutherland, 2017). As we will see, it also lies at
the core of the perceptual abnormality known as ‘synaesthesia.

Synaesthesia is an unusual way of perceiving the world in the healthy population that in-
volves automatic connections between seemingly unrelated experiences, images, or con-
cepts. For example, the number 3 printed in black ink may look like it is covered with a thin
film of copper green, the word ‘street’ may flood the mouth with the flavour of lentil soup, and
the key of C# minor may elicit a bright pink spiral radiating from the centre of the visual field.
In grapheme-colour synaesthesia, one of the most common forms, perceiving or thinking
about an achromatic grapheme (known as the ‘inducer’) gives rise to the experience (known
as the ‘concurrent’) that the grapheme has a specific colour (Armel and Ramachandran,
1999; Asgierson, Nordfang, and Serensen, 2015; Brogaard, 2014; 2020; Grossenbacher and
Lovelace, 2001).

Most cases of synaesthesia are developmental, starting in early childhood. Whether syn-
aesthesia is a hereditary trait has been the subject of fierce debate, partly because the question
of its genetic basis has been thought to be intertwined with that of whether the condition can
be learned. Evidence cited in favour of the heredity of synaesthesia includes family clustering
data (Baron-Cohen et al., 1996) and family linkage studies (e.g., Tilot et al., 2018).
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As family members often are exposed to similar environmental factors, family clustering
data fail to demonstrate heredity (Brogaard, Marlow, and Rice, 2014; 2016; Mannix and
Serensen, 2019; Serensen, 2019). Family linkage studies provide more compelling evidence
for a genetic basis in some forms of synaesthesia (e.g., Tomson, Avidan, Lee, et al., 2011).
Genetic markers from family linkage studies have also been implicated in developmental
pruning errors (Carmichael and Simner, 2013), suggesting that synaesthesia may sometimes
occur when insufficient pruning results in atypical information processing.

But even if all forms of synaesthesia should turn out to involve a hereditary component,
this would not preclude that learning plays a central role in its genesis. This is because even if
a condition is hereditary, it is not inevitable that a genetically predisposed person will develop
it. For example, a variety of personal and environmental factors have been found to contribute
to the development of breast cancer, including, gender, age, ethnicity, diet, lifestyle, and hor-
monal and reproductive factors. Likewise, several personal and environmental factors have
been found to contribute to the development of synaesthesia, including normal tendencies to
associate certain items, for instance, high pitch and lighter colours (Mondloch and Maurer,
2004), and pitch and taste (Holt-Hansen, 1968), as well as synaesthesia-specific effects like
the inducer’s visual or spectral shape (Brang and Ramachandran, 2011), the inducer’s con-
textual frequency (Beeli et al., 2007; Simner et al., 2005), and reliance on inducer—concurrent
connections during early learning (e.g., Witthoft, Winawer, and Eagleman, 2015).

Witthoft and Winawer (2013) matched data from 11 grapheme-colour synaesthetes who
had completed a synaesthesia battery. Ten of the 11 subjects reported having owned one of
three sets of refrigerator magnets with the same colour scheme sold by FisherPrice between
1972 and 1989. The researchers found a remarkable similarity of letter-colour associations
among the synaesthetes. The fewest matches among the synaesthetes were 14 letters. The
probability of finding 14 or more letter matches in 26 chances is less than one in a billion,
which strongly suggests that the subjects acquired their letter-colours associations from the
Fisher-Price toys. The toys may thus have played a role in the development of grapheme-
colour synaesthesia because the formation of synaesthetic connections between the letters
and colours turned out to be a successful strategy for learning to categorize letters (Mannix
and Serensen, 2021). Being a biologically more fundamental category than letters, the col-
ours may have served as anchors for the categorization of letters.

This raises the question of whether neurotypical adults can be trained to become synaes-
thetes. Studies have shown that when non-synaesthetes are repeatedly exposed to reading
materials with letters printed in different colours, and subsequently are asked to name the
grapheme ink colours that are incongruent with their synthetic colours, this results in Stroop
interference, a mark of grapheme-colour synaesthesia (e.g., Bor et al., 2014).

However, these studies did not induce genuine grapheme-colour synaesthesia. First, the
incongruency effects were typically smaller than those found in grapheme-colour synaes-
thesia (Elias et al., 2003). Second, neuroimaging studies have shown that trainees do not have
the same brain activation patterns as synaesthetes (Nunn et al., 2002). The limited success of
training studies could be due to the lack of a genetic basis for synaesthesia in participants.
Alternatively, it may have been that learning to associate graphemes with colours failed to
serve as a strategy for mastering a useful or personally significant task, such as acquiring the
alphabet, which is only a useful task for school-aged children (Brogaard, 2017; 2020; Mannix
and Serensen, 2021). Finally, although several studies provide extensive training, this is still
not on a par with the amount of training required for learning new skills (e.g., reading).
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Serensen and Kyllingsbaek (2012) raised a similar concern about studies claiming that
training does not affect short-term memory capacity. These studies apparently demonstrated
that extensive training did not affect short-term memory capacity (e.g., Chen et al., 2006).
However, in Serensen and Kyllingsbaek (2012), we used a change-detection paradigm (Luck
and Vogel, 1997) to examine short-term memory capacity for letters and line drawings across
age groups—the logic being that the different age groups had increasing familiarity and ex-
pertise with letters, whereas none of the participants had any overt training with the line draw-
ings. Across the different groups, there was no change in memory capacity for line drawings.
The youngest age group was only able to retain two letters, but with increasing age, we saw a sys-
tematic capacity increase up to adulthood where participants could retain approximately four
letters. This pattern was replicated in a slightly different design by Dall et al. (2016) in adults,
who demonstrated stable short-term memory capacity for both line drawings and letters.
Nevertheless, in a critical condition using Japanese hiragana, there was a systematic short-term
memory increase across subjects who did not know Japanese, studied Japanese, or were experts,
corroborating the link between expertise and short-term memory capacity.

As we saw, synaesthesia can be learnt from environmental cues, which may reflect priori-
tization of a particular perceptual strategy that can be applied during learning. The notion
that we develop different perceptual strategies to enhance learning is supported by the fact
that grapheme—colour synaesthesia is one of the most common types (Ward, 2013). It is not
far-fetched to imagine that when faced with the task of learning new abstract categories (e.g.,
letters), linking the new categories to a previously established category (i.e., a colour) would
aid learning (Mannix and Serensen, 2021).

Evidence for this theory also comes from the observation that synaesthetic colours some-
times change (e.g., Serensen, Nordfang, and Asgeirsson, 2016), emerge over time (Simner
and Bain, 2013), or—anecdotally at least—completely disappear during the teen years or in
early adulthood (Keane, 2017). As synaesthetes would have learnt to read, write, and ma-
nipulate numbers at this age, the synaesthetic associations would have lost their usefulness
as learning strategies. Relatedly, the number ‘0’ often lacks a colour or has an unusual colour
(e.g., gold) in young synaesthetes until they reach school age (Brogaard, Marlow, and Rice,
2014), reflecting that most children do not develop a good understanding of the meaning of
‘0’ until they face maths problems in school. At this point, strategically associating ‘0" with a
basic hue may facilitate grasp.

5 Perceptual categorization and expertise

Perceptual processing goes through various stages during which sensory information is
interpreted and encoded into memory. Goldstone (1998) regards learning based on the
imprinting of sensory information in memory and the repurposing of this information in
categorization as a kind of perceptual learning. Traditionally, perceptual processing has been
described as an initial stage where attention prioritizes sensory information for encoding in
short-term memory, followed by a stage of extended processing which increases the prob-
ability of encoding into more durable long-term memory representations (e.g., Atkinson and
Shiftrin, 1968). Although this model was criticized by clinical studies in the early 1970s, it
aligns with a folk psychological interpretation of how information flows from short-term
memory to long-term memory.
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An alternative to the traditional model holds that sensory information initially is matched
with object and feature representations in long-term memory (Brogaard and Serensen, in
press), and that the most relevant representations then are selected for representation in
short-term memory. The theory of visual attention (TVA; Bundesen, 1990) proposes this
type of relationship. According to the TVA, the sensory input is modulated by two atten-
tional top-down parameters prioritizing selection for features (filtering) or objects (pigeon-
holing). This model allows for flexible parallel attentional prioritization based on filtering and
pigeonholing, as well as the match between the object/features and the perceiver’s memory
templates (for a formal mathematical description, see Bundesen, 1990). In fact, the mechan-
isms for perceptual learning we described earlier bear resemblances to the TVA’s three core
principles of selection: feature selection (differentiation), object selection (unitization), and
template matching between sensory input and long-term memory (anchoring).

If models like the TVA that assume a more central role for long-term memory in per-
ceptual processing are correct, then we should expect the consolidation of new perceptual
categories to facilitate the matching of sensory signals to these categories. Differences in per-
ceptual processing as new categories are acquired in a variety of different domains seem to
support this notion, for example, face processing (Curby and Gauthier, 2007), car experts
(Curby etal., 2009), and cartoons (e.g., Xie and Zhang, 2017).

Recently, we investigated two aspects of complexity: one varying number of feature elem-
ents and another varying stimulus familiarity (Dall et al., 2021). Jackson and Raymond
(2005) described this distinction as one between physical (feature elements) and perceived
complexity (familiarity). Using the TVA to isolate the specific components of attention, we
showed that Chinese expert readers® are not affected by early parameters like threshold for
visual perception. We nevertheless saw a systematic influence of familiarity on processing
speech and short-term memory capacity. Interestingly, this modulation of processing speed
and memory depended only on familiarity and not at all on the increase in feature elements.
So this latter study points to a more holistic processing of Chinese characters by experts, akin
to the holistic processing of other stimulus types (e.g., faces or chess configurations). For
novices, the number of feature elements seemed to be the driving factor.

In light of the previously discussed findings supporting holistic processing of chess con-
figurations in experts, this evidence indicates that memory representations influence how
sensory information is perceptually categorized. These memory representations, in turn, de-
pend on prior perceptual encounters with the relevant categorization tasks.

Like prior experience, the languages we speak can also shape perceptual categorization.
According to the category adjustment model of colour memory, colour representations in
short-term memory are the result of combining information in different proportions from
two sources (Cibelli et al., 2016). One is the fine-grained bottom-up representation of the
colour seen, and the other is a coarse-grained representation of colour as depicted by a
language-specific category (e.g., blue). The combination of the two sources of information
results in a colour representation in short-term memory that is modulated by a language-
specific colour category.

3 Combining a whole report design (Sperling, 1960) with varied exposures, Dall et al. (2021) were able to fit
the TVA model to the exponential performance of Chinese experts and extract a range of attentional parameters,
thus investigating Jackson and Raymond’s (2005) processing dimensions. Stroke count in Chinese characters were
used to capture physical complexity and character frequency as a measure of perceived complexity over four vari-
ables: low vs high stroke count and low vs high familiarity.
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The TVA offers a plausible explanation of the category adjustment model. If, as the TVA
suggests, incoming colour signals are initially matched with colour categories in long-term
memory, and the most relevant colour categories are selected for representation in short-
term memory, then we should expect the fine-grained bottom-up colour representation to be
modulated by language-specific colour categories.

This, in turn, points to a form of linguistic relativity. The Sapir—-Whorf hypothesis, a strong
form of linguistic relativity, states that the languages we speak can modulate our perceptual,
affective, and cognitive states. While we may not fully align with the strong interpretation of
this hypothesis, the TVA and the category adjustment model suggest that prior knowledge
modulates perceptual categorization. In the Section 6, we explore how colour language can
influence early perceptual processing.

6 Linguistic effects on colour categorization

Originally set forth by Sapir (1921) and Whorf (1956), the hypothesis that our native lan-
guage shapes what we think, remember, and perceive is also known as ‘linguistic relativity’
Linguistic relativity about colour categorization came under harsh criticism in the late
1960s when Berlin and Kay (1969) popularized the view that despite documented cultural
variation in colour language (e.g., Bornstein, 2007), there is a set number of basic colour
categories. Writing during an era when academics increasingly believed that language and
cognition were universal, innate phenomena,* Berlin and Kay maintained that their basic
colour categories were innate, and hence culturally ubiquitous. Cultural variation in colour
language, they argue, reflect that cultural processes influence which colour terms people use
to depict the basic colour categories.

Although few thinkers are in the grip of Berlin and Kay’s universality thesis today, the
Sapir-Whorf hypothesis remains highly controversial (e.g., Regier and Xu, 2017). This is so
despite relatively sparse evidence against it. Historically, the main challenge to the Sapir—
Whorf hypothesis has been the finding that speakers of languages with very few colour words
sometimes perform as well as English speakers on colour categorization tasks, which would
suggest that non-English speakers’ perceptual colour categories align with those of English
speakers (Rosch, 1978).

However, studies in psycholinguistics have since then provided compelling evidence
for thinking that the linguistic concepts people possess in their native language can modu-
late early perceptual processing (Athanasopoulos et al., 2015; Thierry et al., 2009). Thierry
et al. (2009) demonstrated this effect in native English and Greek speakers. Greek contains
two unique hue concepts for blue: ‘ghalazio’ and ‘ble) corresponding to what native English
speakers regard as two shades of the unique hue blue (Figure 6.4).

Using electroencephalography, the team recorded brain waves from the skull of the parti-
cipants while they were performing a basic oddball shape discrimination task in which they
had to press a button when seeing a square shape (the target) within a regularly paced stream
of circles (Figure 6.5).

4 Universality theses that gained enormous influence during the 1960s include most famously Chomsky’s genera-
tive grammar, but also Ekman’s six basic emotional categories.
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Ghalazio

Figure 6.4 Greek containstwo colour concepts for blue: darker blue ble (left) and lighter blue
ghalazio (middle).

This discrimination task helped keep the participants’ attention focused on something
other than what was measured, namely the strength of the brain’s unconscious response to a
colour change during a trial. In one block of trials, circles were ghalazio by default, and ‘odd-
balls’ were ble. In the second block, this pattern was reversed, and in the final two ‘control’
blocks, the experiments from the first two blocks were repeated, but with light and dark green
figures.

The findings showed a significantly greater brain wave response to a colour shift from
ghalazio to ble, or vice versa, in Greek vs English speakers. A stronger response to a colour
shift signifies a greater perceptual difference between the colours.

Importantly, responses to a change from light green to dark green, or vice versa, were
found to be the same in English and Greek speakers. Moreover, the Greek participants’ re-
sponses to a shift in a shade of green were significantly smaller than their responses to a shift
in a shade of blue. These findings provide strong support for the claim that not only does pos-
sessing the concepts ghalazio and ble shape how Greek speakers memorize and think about
the two colour shades, but it also modulates colour categorization at the lowest level of per-
ceptual processing.

These findings suggest that very early perceptual processing is shaped by linguistic con-
cepts we acquired as children. This, in turn, provides renewed credence to the Sapir-Whorf
hypothesis. Taken together with the previous sections, this points to a highly individualized

\LSta ndard ‘llDeviant \l/Ta rget

Block 1 ‘ ‘ .
@ @@ 0000 0000 000
Block 3 . . .
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Figure 6.5 Participants were asked to press a button when they saw a square within a regularly
paced stream of circles. Meanwhile, the researchers measured the visual mismatch negativity
effectin response to a light colour/dark colour transition.

From Thierry et al., 20009.
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variability in perceptual categorization in different domains, including, but not limited to,
language.

7 Perceptual pluralism defended

The evidence reviewed above jointly indicates that how sensory information is processed and
categorized can vary greatly across perceivers relying on different perceptual strategies to
solve the perceptual tasks they encounter. This is the first conjunct of perceptual pluralism,
which—as noted in the introduction—we take to encompass the following three claims: (1)
how sensory input is categorized is highly variable across different perceivers as a result of
them using different perceptual strategies to solve the perceptual problems they encounter;
(2) this variability in perceptual categorization need not be the result of misperception; and
(3) contingent on minor constraints (e.g., not being the product of deviant brain processes),
the resulting perceiver-specific sensory individuals represent actual features and objects in
the external, mind-independent world.

As perceptual pluralism encompasses all three claims, it should come as no surprise that
the first claim (1) is perfectly compatible with perceptual monism, the view that there is only
one correct way of categorizing perceptual information. If indeed there were a single correct
way to categorize sensory input, then the empirical evidence reviewed above would merely
be documenting that we are accurately categorizing sensory input in some circumstances,
but not in others, which would be old hat.

Several philosophers have made a case for some restricted version of perceptual monism
(although not under that name). For example, Byrne (2006) offers a defence of what we
term perceptual monism which is restricted to colour perception. According to Byrne,
there are objective facts about the colour of objects, but there is irresolvable disagreement
about what those facts are. Byrne (2006, p. 337) expresses the view as follows (in response to
Cohen, 2006):

Suppose that [two] normal human observers Mya and Bo are viewing a chip C. .. Clooks
unique green to Mya, and bluish green to Bo. The problem, as Cohen has it, is to explain
‘what would (metaphysically) make it the case’ that Mya, say and not Bo, is perceiving C
correctly. [Cohen] purports to find the explanation ‘extremely hard to imagine, and so con-
cludes that both Mya and Bo are perceiving C correctly.... [[ maintain that] what ‘makes it
the case’ that Mya, not Bo, is perceiving C correctly, is that Mya is representing C as being
unique green, Bo is representing C as being bluish green (no problem so far), and Cis unique
green, not bluish green (likewise no problem).’

Byrne’s view is this: whenever two perceivers disagree about the colour of an external,
mind-independent object or about whether two external, mind-independent objects have
the same colour, at least one of them is wrong. One apparent problem with this view is that it
entails that there are unknowable colour facts. For any coloured object, there are bound to be
individuals with no apparent visual system defects who would disagree about its colour, were
they to view it in the same viewing conditions. Yet we would have no basis for deciphering

> We have replaced S, with Mya, and S, with Bo.
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who is right and who is wrong. So for any coloured object, the truth about its colour would be
unknowable. This form of radical colour epistemicism seems highly implausible.

Our objection to Byrne generalizes to similar defences of other types of perceptual
monism: generally speaking, it is implausible to think that, for any sensory input, people fall
neatly into groups of normal and abnormal perceivers, and it is also improbable that percep-
tion gives us no reliable insight into the structure of the external, mind-independent world.

Similarly, our objections lend credence to the second claim of perceptual pluralism, viz.
that perceptual variability in a population of speakers regarding the same sensory input need
not be the result of misperception, which is to say that overlapping and disjoint categor-
izations of a given perceptual input may all represent real categories in the external, mind-
independent world (see also Cohen, 2009).

Thus, the perceptual categorization of a certain sensory input as the unique hue blue in
native English speakers represents an actual category of blue objects. Likewise, the percep-
tual categorization of the very same sensory input as the two unique hues ghalazio and ble in
native Greek speakers represents two real categories of coloured objects.

The same can be said for other variations in perceptual categorization. In Gibson and
Gibson’s (1955) pattern-matching experiment, the untrained participants categorized the
scribbles as belonging to a single category of ‘scribbles’ (Figure 6.1A). But after training, the
same participants made more fine-grained categorizations of the scribbles. Likewise, in the
studies of chess expertise, experts and novices were found to categorize sensory input from
chess pieces on a chessboard in different ways (e.g., Chase and Simon, 1973a). Novices classi-
fied the sensory input in terms of individual chess pieces, whereas experts classified the same
input in terms of holistic chess configurations. But while we can say that the chess experts are
better at chess, we cannot conclude that only the experts’ perceptual categorizations are the
correct ones—they are merely different due to the modulation of expertise.

Finally, we argued that anchoring is the predominant perceptual learning mechanism in
synaesthesia. Synaesthetes improve on categorization tasks by creating perceptual connec-
tions or semantic memory associations between a target category and an unrelated category
that is biologically more fundamental or of greater personal significance. Consider, for ex-
ample, a grapheme-colour synaesthete who connects single digits with unique colours. For
her, the number ‘3] say, does not just belong to a mathematical category, but also to the cate-
gory of green objects.

8 Conclusion

Here we have defended pluralism about perceptual categorization based on studies sug-
gesting that variability in perceptual categorization and the resulting sensory individuals
reflects that we use different strategies for solving the different tasks we encounter in our en-
vironment, and that the perceptual system functionally and structurally adjusts to the strat-
egies that are most successful.

Perceptual pluralism entails that prior sensory input encoded in memory modulates our
perceptual objects (or sensory individuals). This may raise a concern about whether percep-
tual pluralism entails that low-level perception is cognitively penetrable (e.g., Firestone and
Scholl, 2016; Pylyshyn, 1999). Controversies about this thesis concern its methodological
basis (Brogaard and Gatzia, 2017; Firestone and Scholl, 2016), its implications for a popular
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view about perceptual justification (Chudnoff, 2020; Siegel, 2017), and its implications in
perceptual bias (Brogaard, 2021; Siegel, 2017).

Rather than providing a definitive answer to the question of whether perceptual pluralism
entails the cognitive penetrability thesis, however, our argument shows that not much hinges
on how we answer it, because whatever disquieting conclusions can be derived from it can
also be deduced, given more innocuous top-down influences.
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