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Abstract

This chapter provides a review of the hypothesis that synesthetic-like perception is present in infants and
toddlers. Infants and very young children exhibit evidence of functional hyperconnectivity between the
senses, much of which is reminiscent of the cross-sensory associations observed in synaesthetic adults.
As most of these cross-sensory correspondances cannot be easily explained by learning, it is likely that
these represent natural associations between the senses. In average adults, these 'natural associations'
(e.g., large = loud) are felt only intuitively rather than explicitly. These observations have led to the
proposal of the 'neonatal synaesthesia hypothesis', which purports that all individuals are born
synaesthetic, with explicit conscious perception of these natural cross-modal associations dissipating
over development in typical individuals. This dissipation is likely the result of experience-dependent
synaptic pruning and/or inhibition of cross-sensory neural connections. At the same time, cross-modal
associations matching those common in the environment might be assumed to be learned. This
hypothesis is re-evaluated in light of recent research findings, and is examined in the context of current
evolutionary models of neuronal recycling and emerging evidence of longitudinal changes in children
with synaesthesia.
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The perceptual validity of synesthesia has been established through behavioral (Asheret al. 2006; Jarick et al.
2009; Novich, Cheng, and Eagleman 2011; Ward, Huckstep, and Tsakanikos 2006; Ward and Mattingley 2006;
Ward, Simner, and Auyeung 2005) and neuroimaging (Hubbard et al. 2005; Nunn et al. 2002; Paulesu et al. 1995;
Rouw and Scholte 2007; Rouw, Scholte, and Colizoli 2011) evidence; however, its cause and developmental
origins remain unclear. Several theories have been proposed as to the origins of synesthesia, such as the
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neonatal synesthesia theory (Maurer 1993; Maurer and Maurer 1988; Maurer and Mondloch 2004 ), the cross-
activation theory (Hubbard, Brang, and Ramachandran 2011; Ramachandran and Hubbard 2001b), the
disinhibited feedback theory (Grossenbacher and Lovelace 2001), and the re-entrant feedback model (Smilek
et al. 2001), each generating predictions about normal and atypical cross-sensory development.

The Developmental Origins of Synesthesia

Typical brain development is characterized by two distinct processes: first, the exuberant generation of
connections between neurons via the production of synapses, and second, the strengthening of stimulated
connections and the pruning away of unused connections—the result being (relatively) distinct sensory areas
each specialized to process one type of dominant input (reviewed in Maurer, Gibson, and Spector, 2012).
Anatomical tracing, a method in which groups of neurons are labeled with a substance (e.g., a fluorescent dye)
such that the pathways connected to, and ultimately structures targeted by, the labeled neurons are visible, has
documented this developmental process L in numerous species. Studies using this methodology show that
the timing of exuberance and pruning varies across species and sensory modalities (Bourgeois and Rakic 1993;
Dehay, Bullier, and Kennedy 1984; Huttenlocher 1984). In humans, this pattern of formation and subsequent
pruning of synaptic connections has also been revealed by increases in measurements of glucose utilization
over sensory cortical areas during the first 3 to 4 years of life—presumably reflecting the flourishing of
exuberant connections in sensory areas—followed by a subsequent decline beginning at about age 9—
presumably reflecting experience-dependent pruning (Chugani 1994; Chugani and Phelps 1986; Chugani,
Phelps, and Mazziotta 1987). Similarly, studies of resting state metabolism (synchronous increases and
decreases in neuronal activity across the brain in the absence of stimulation) and white matter tracks
(connections between neurons with axons sheathed in myelin, which speeds neural conduction) indicate that
between 7 to 9 years of age and adulthood, the strength of local connectivity diminishes (Fair et al. 2009;
Supekar, Musen, and Menon 2009).

The exuberant connections early in development include ones between cortical areas that receive input from
different sensory systems (e.g., originating from auditory versus visual versus tactile receptors), and these
connections appear to be functional. For example, in newborns, unlike adults, sound amplifies the
somatosensory potential evoked by tactile stimulation of the wrist (Wolff et al. 1974). In other words, our early
neural response to touch is exaggerated when accompanied by sound. Another example comes from the evoked
responses elicited by human speech: in young infants, human speech elicits event-related potentials over both
the auditory and visual cortices, unlike adults, for whom speech elicits evoked responses only over the auditory
cortex (Neville 1995). This pattern of cross-activation by speech diminishes over the first 3 years of life (Neville
1995), suggesting that the connections between auditory and visual cortices are gradually being pruned away.
Similarly, at 3 months of age, exposure to speech in comparison to a baseline quiet period causes increases in
oxygenated hemoglobin and decreases in deoxygenated hemoglobin not only in the temporal, language-
specialized cortex, as is true in adults, but also in the visual cortex (Homae et al. 2011). Neuroimaging (positron
emission tomography) data also suggest more widespread activation by visual stimulation during infancy
(Tzourio-Mazoyer et al. 2002 ): when activation evoked by Christmas tree lights is compared to that evoked by
a human face, there is differential activity at 2 months of age, not only in areas geographically close to what will
become the face area in the fusiform gyrus, but also in a number of other areas, including the right inferior
parietal cortex (which is active during many forms of synesthesia; Rouw et al. 2011), the left inferior frontal
cortex, and left temporal gyrus, which will later form the core of the language network. Similarly, there is
evidence that different pathways in the visual cortex are not initially segregated. For example, adults process
color and motion in distinct, parallel ventral and dorsal pathways within the extrastriate visual cortex. This
causes motion for adults to be “color-blind,” in the sense that adults can discern the direction of moving stripes
only if they are of contrasting luminance but not if they vary only in color. Unlike adults, infants 2 to 4 months
old can discern the direction of movement of stripes defined by either color or luminance (Dobkins and
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Anderson 2002). L These results suggest that the motion and color pathways in the visual cortex are not
initially as segregated as they will become.

The observation of functional cross-sensory connections in infants, combined with anatomical evidence for
increased cross-modal connectivity in synesthetes (Rouw et al. 2011), supports the “neonatal synesthesia
hypothesis”: that the perception of typical infants is influenced more strongly by cross-modal activation than
the perception of non-synesthetic adults, perhaps even to the point that an inducer in one modality can induce
a conscious synesthetic percept in another modality or along another dimension (Maurer 1993; Maurer and
Maurer 1988; Maurer and Mondloch 2004; Maurer, Gibson, and Spector 2012; Spector and Maurer 2009).
Indeed, three recent studies provide empirical evidence for synesthetic-like cross-modal correspondences in
young infants (see section entitled “Manifestations of synesthesia-like perception in infants and young
children”).

The neonatal synesthesia hypothesis proposes that all infants experience a form of synesthesia, but that these
cross-sensory percepts are largely eliminated in most people via experience-dependent neural pruning as they
develop through childhood into adulthood. This pruning leaves behind remnants that are largely inhibited but
nevertheless influence intuitive cross-modal associations (Spector and Maurer 2009). For example, even non-
synesthetic adults might sense that higher pitch matches brighter light in some way. The hypothesis suggests
that those who experience synesthesia as adults, in contrast, experience less-than-normal synaptic pruning
among and between sensory cortices during development, causing some of the functional cross-modal hyper-
connectivity observed in infancy to persist into adulthood (Maurer 1993; Maurer and Mondloch 2004; Maurer
et al. 2012; Spector and Maurer 2009). In addition, there may be less inhibition of the remaining connections.
Consistent with this hypothesis, synesthetes report having experienced their synesthesia “all their lives” and
often experience more than one form of synesthesia (Simner et al. 2006), an outcome predicted by less overall
pruning and inhibition throughout the brain. Also, consistent with this hypothesis is neuroimaging evidence of
activation by black letters and digits in adults with colored grapheme synesthesia of color area V4, which lies
contiguous to the visual word form area. Also activated is a network involving other extrastriate visual areas,
posterior parietal areas involved in binding color and shape, the insula, the precentral gyrus, and the frontal
lobe (Hubbard et al. 2005; Rouw et al. 2011). That these activations result from hyper-connectivity is supported
by evidence for increased white and gray matter in much of the same network (Rouw and Scholte 2007, 2010;
Weiss and Fink 2009). Although much less extensive, there is similar neuroimaging and anatomical evidence
for hyper-connectivity in other forms of synesthesia (Hanggi et al. 2008; reviewed in Hubbard, Brang, and
Ramachandran 2011; Rouw et al. 2011).

In the typically developing child, the initial exuberant connections are reshaped by experience so that those
that are frequently activated become stronger and those that are rarely used are pruned. The best evidence for
this experience-dependent pruning comes from comparisons of typical adults with those who missed auditory

L or visual input because of deafness or blindness, respectively. In adults who are congenitally blind, unlike
adults with normal vision, auditory, tactile, and language input increase activation in the visual cortex.
Interference with this activation by transcranial magnetic stimulation (TMS; a method in which magnetic
stimulation is applied to the scalp to depolarize neurons in the underlying cortex, effectively disrupting the
normal processing of affected cortical structures) degrades accuracy in responding to those inputs (Collignon
et al. 2009; Kupers et al. 2007; Lewis, Saenz, and Fine 2010; Pascual-Leone and Hamilton 2001; Pascual-Leone
and Torres 1993; Stilla et al. 2008). Indeed, in adult cats whose eyes were removed at birth, neurons in the visual
cortex are tuned precisely to auditory rather than visual inputs (other modalities have not been tested) (Yaka,
Yinon, and Wollberg 1999). Similarly, in adults who are congenitally deaf, unlike normally hearing adults, visual
input increases activation of the auditory cortex (Finney 2003; Finney, Fine, and Dobkins 2001).

Together, these studies suggest that in typical development, dominant input from a single sensory system
leads to the specialization of sensory cortical areas through the strengthening and refinement of the synapses
it drives. It also leads to the pruning away of other synapses that respond to the less frequent or less coherent
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input from other sensory modalities. Remnants of the initial cross-sensory connections do remain but they
have minimal impact because their influence is dampened by neuronal inhibition. They nevertheless can
influence our cross-modal associations (Spector and Maurer 2009). Unlike typical adults, synesthetes appear
to have a genetic predisposition for the pruning process to be less complete and for the remaining connections
to be uninhibited (Hubbard, Brang, and Ramachandran 2011; Ramachandran and Hubbard 2001a, 2001b).
Instead, or in addition, the synesthete may develop less than the normal amount of modulation of the
remaining hyper-connectivity by feedback from higher cortical areas (Grossenbacher and Lovelace 2001,
Smilek et al. 2001).

Regardless of the origins of synesthesia in adults, the implication is that synesthesia will be a normal phase in
typical development, either before experience-dependent pruning is complete, or before inhibition has
emerged and been consolidated. Two predictions follow: (1) even in the typical, non-synesthetic adult,
functional remnants of cross-sensory and cross-dimensional connections should still exist because of
incomplete pruning or inhibition; (2) to the extent that contiguous brain areas are organized systematically by
specific stimulus properties (e.g. neurons are contiguous that have the same orientation or color tuning in the
visual cortex or the same tuning to auditory frequency in the auditory cortex), there may be similarities in the
cross-modal and cross-dimensional associations of typical children and adults and the conscious percepts of
synesthetes. In the next section, we present evidence for similarities between the perception of adults with
synesthesia and the perception of typical infants and toddlers. We then summarize the two studies
documenting changes in the nature of synesthesia during development and in the final section, consider their
implications for the neonatal synesthesia hypothesis.

Manifestations of Synesthesia-Like Perception in Infants and Young
Children

Evidence of functional hyper-connectivity in early development and of the slow development of inhibitory
processes (discussed in the previous section) suggests that young children’s perception should resemble that of
adults with synesthesia. In this section, we summarize investigations of whether cross-modal and cross-
dimensional percepts that are commonly elicited in adults with synesthesia can be observed early in
development.

Synesthesia-like perception in infants

Wagner and Dobkins (2011) recently provided the first direct evidence for synesthetic perception in typical
infants. They did so by testing for the infant equivalent of colored grapheme synesthesia, which they reasoned
would be manifest as the elicitation of a colored percept by basic shapes. Specifically, they presented infants
with arrays of triangles on some trials and arrays of circles on other trials, in each case against a background
that was half red (or yellow) and half green (or blue). The researchers hypothesized that if either shape evoked a
particular color for an infant, that shape would be easier to see against some colors than against others. For
example, if an infant perceived red when looking at the triangle, it would be easier for that infant to see the
triangle against a green background than against a red background. In this case, the infant should look
consistently at the green side when shown triangles, both on trials when the green background was on the
right side of the panel and trials when it was on the left side of the panel. Consistent with this hypothesis,
infants behaved as though the shapes were colored by exhibiting non-random responses across trials—a result
suggesting that synesthetic binding of color and shape is present at 2 months of age for red/green. The same
pattern of results was observed in slightly older infants for yellow/blue backgrounds (as expected, given the
slower development of yellow/blue channels). This pattern diminished with increasing age, as would be
expected if experience-dependent pruning has begun to shape inputs into visual cortical neurons.
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Other studies have looked for cross-modal associations in infants that match typical synesthetic percepts in
adults with synesthesia. One common form of synesthesia is colored hearing, in which specific pitches evoke
specific colors and often shapes as well. Although these pitch to color associations are largely idiosyncratic,
higher pitches usually evoke visual percepts of sharp, pointy shapes that are smaller in size and located higher
in space, and lower pitches usually evoke percepts of round, amoeboid shapes that are of larger size and located
lower in space (Marks 1974, 1975; Melara and O’Brien 1987). To test whether these associations are present early
in development, Walker and colleagues (2010) presented 3- to 4-month-old infants with two audiovisual
combinations. In one combination, a visual display showed a shape morphing from round and L. amoeboid to
sharp and pointy, while a whistle changed from low to high pitch (congruent condition) or from high to low
pitch (incongruent condition). In a second combination, an orange ball moved up and down the screen while
the pitch of the whistle increased and decreased, respectively (congruent condition), or while the whistle first
decreased and then increased (incongruent condition). In both experiments, infants looked longer at the
congruent displays, a preference that the authors interpreted as a familiarity preference—an interpretation
suggesting infants experience common synesthesia-like pitch/shape and pitch/height associations. Even if the
authors’ assumption of a familiarity preference is unwarranted, the results do indicate that 3- to 4-month-old
infants systematically relate pitch and shape, as well as pitch and location. In a separate experiment, Pefia and
colleagues (Pefia, Mehler, and Nespor 2011) found that 4-month-old infants also associate sound with size:
when they heard a consonant-vowel pairing with higher pitch vowels such as /i/ (as in feet), they looked longer
at the smaller of two geometric shapes, and when they heard the pairing with lower pitch vowels such as /a/ (as
in cat), they looked longer at the larger object. These associations may be based on pitch, because the “smaller”
sounds had a higher pitch than the “larger” sounds. As it is unlikely that infants have learned these
associations from the statistics of the environment (e.g., there is no obvious connection between pointed
shapes and higher pitch), these associations may represent natural biases that result from the initial hyper-
connectivity of the auditory and visual systems and that persist as conscious percepts in adults with
audiovisual synesthesia. Remnants of these associations appear to exert unconscious influences in non-
synesthetic adults (Spector and Maurer 2009).

Even when pitch is matched between sound contrasts, infants show systematic associations between sound
and shape. Typical adults tend to associate words with rounded vowels (e.g. the phoneme /o/, as in code, or /u/,
as in rule) with round, amoeboid shapes, and words with non-rounded vowels (e.g., the phoneme /i/, as in feet)
with pointed shapes (K6hler 1929; Lindauer 1990; Ramachandran and Hubbard 2001b). There are additional
systematic associations of these shapes to specific consonants (Nielsen and Rendall 2011). Infants just 4
months old make similar sound symbolic matches: when presented with words matched to ameboid shapes
(kiki) versus jagged shapes (bubu) by 98% of English-speaking adults, infants look longer on trials with the
incongruent mapping than on trials with the congruent mappings (Orturk, Krehm, and Vouloumanos 2013).
Unlike adults, presentation of just the vowel contrast (kiki versus kuku) or just the consonant contrast (bubu
versus kuku) is insufficient to elicit the congruency effect. By toddlerhood, children explicitly match words
with rounded vowels (e.g. go-gaa, maa-boo-maa, go-go, do-do) with round, amoeboid shapes and words with
non-rounded vowels (e.g. tee-tay; tuh-kee-tee, gee gee, dee-dee) with sharp, pointy shapes ( Maurer, Pathman,
and Mondloch, 2006), and do so even when the stimuli contrast only in vowels (bibi versus bobo) (Spector and
Maurer, 2013). It is possible that these associations are based in experience. Having been exposed to language
since they were in the womb, it is possible that children become sensitive to the statistical regularities of
English semantics, and may have learned that sharp objects often have names with non-rounded vowels (e.g.,
the last syllable of spiky) and round objects often have names with rounded L vowels (e.g., round, amoeboid).
Although that explanation is plausible for the data from toddlers and adults, it seems unlikely to explain the
results from 4-month-old infants. Future research could test for the associations at even younger ages and test
whether the same relationships hold for synesthetes for whom specific sounds induce specific shapes, as
would be predicted if the infants’ and toddlers’ associations are a consequence of neonatal synesthesia.
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Some cross-modal correspondences seen in synesthetic adults can be explained as a manifestation of a
common code for magnitude, such that more intense stimuli in one modality induce more intense percepts in
another modality. For example, adults with colored hearing synesthesia report that louder sounds induce
brighter percepts (Marks 1974, 1975). Similarly, newborn infants habituated to a brighter light exhibit less
heart-rate response to the presentation of a louder noise, while those habituated to a darker light show less
heart-rate response to a softer noise (Lewkowicz and Turkewitz 1980)—as if they transfer habituation from
visual to auditory intensity.

In sum, it is clear that infants experience a number of functional cross-sensory connections, some of which
cannot readily be explained by learning and manifest as synesthesia-like perception.

Synesthesia-like perceptions in toddlers

With toddlers, we have investigated a number of other correspondences that are common in synesthetes.
According to the neonatal synesthesia hypothesis, the initial hyper-connectivity should be most prominent
during infancy, but remnants of it should persist into toddlerhood, and, to a lesser extent, even adulthood.
While studies with infants make it easier to sort out the role of experience versus intrinsic wiring, studies of
toddlers and older children can be easier to interpret because the child understands verbal instructions.

In addition to the evidence for colored percepts elicited by shapes during infancy (see earlier section entitled
“The developmental origins of synesthesia”), there is evidence for color associations to some letters in toddlers
that parallel the colored percepts elicited by letters in adults with colored grapheme synesthesia. Thus, both
typical toddlers and adults with colored grapheme synesthesia associate X and Z with black, I and O with white,
and C with yellow at rates far exceeding chance (Spector and Maurer 2008, 2011). For toddlers, like typical
synesthetes with colored graphemes, these associations were observed when they were presented with both
the letter shape and sound or just the letter shape, but not when they just heard the sound of the letter. Certain
other common associations in colored grapheme synesthesia appear to result from learning to read because
there is a ready explanation based on literacy (G is green for English-speaking synesthetes) and because typical
toddlers are random while older children who have learned to read make the expected association. This is the
developmental pattern for English-speaking children for A/red; G/green; B/blue; and Y/yellow (Spector and
Maurer 2008, 2011). Combined, the results suggest that there are some natural L associations between shapes
and colors that influence toddlers’ cross-dimensional associations and the actual percepts of adults with
colored grapheme synesthesia (Day 2005; Rich, Bradshaw, and Mattingley 2005; Simner et al. 2006). Not
surprisingly, remnants of this organization are also evident in the letter/color associations of typical adults
without synesthesia (Rich, Bradshaw, and Mattingley 2005; Simner et al. 2006).

Toddlers also associate pitch to surface lightness in the same way as adults with colored hearing synesthesia.
Although the exact color elicited by a particular pitch varies among adults with colored hearing, almost
universally they report that higher pitches induce percepts of lighter colors: a higher pitched C induces a lighter
color than a lower pitched C (Marks 1974, 1975; Ward, Huckstep, and Tsakanikos 2006). A similar pattern is
observed in toddlers. This was evident when 2.5- to 3-year-old toddlers observed a display of two balls, one
white and one gray, bouncing in synchrony with one another and accompanied by a higher or lower pitched
tone (Mondloch and Maurer 2004). When asked which ball was making which tone, the toddlers consistently
matched the lighter-colored white ball to the higher pitched tone, and the darker, gray ball to the lower pitched
tone. This association is unlikely to have developed through experience with the statistics of the environment,
because lighter colored stimuli do not consistently produce higher-pitched sounds than darker stimuli (e.g.,
white cats do not have higher-pitched meows than black cats). Instead, it is possible that this pairing reflects a
natural bias induced by cortical connectivity between neighboring sensory cortices that influences the
synesthetic percepts of adults with colored hearing and the cross-modal matches of young children. Remnants
of the connections appear to influence the perception of non-synesthetic adults: they also match higher
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pitches to lighter colors, and are more accurate at judging pitch or lightness when the luminance of a paired
distracter is congruent (Marks 1987).

Adults with colored hearing also commonly report that exposure to pitch induces visual images, with higher
pitches inducing visual photisms that are smaller in size than those induced by lower pitched sounds (Marks
1975; see section “Synesthesia-like perception in infants”). This association is evident in toddlers: when asked
which of two bouncing white balls was making a higher- or lower-pitched sound, 2.5- to 3-year-olds matched
the higher pitch with the smaller ball, and the lower pitch with the larger ball (Mondloch and Maurer 2004 ). It
is possible that this association arises with exposure to regularities in the environment because larger
organisms tend to produce lower-pitched sounds: the roar of a lion is lower pitched than the squeak of a mouse.
However, the association may also reflect a natural bias based in cortical connectivity that is reinforced and
strengthened with experience. A role for experience is supported by the fact that children exhibit stronger
evidence of making the association at older ages (Marks, Hammeal, and Bornstein 1987).

In sum, in addition to evidence of functional hyper-connectivity in human infants, behavioral evidence lends
support to the hypothesis that all infants experience synesthesia-like percepts. The similarity of cross-sensory
associations in adults with synesthesia, toddlers, and non-synesthetic adults suggests that remnants of the
early hyper-connectivity persist to influence cross-modal and cross-dimensional associations, whether or L
not it is sufficiently strong to influence conscious perception (as it does in adult synesthetes). Many of these
cross-sensory associations cannot be explained by learning, and as such, likely reflect natural biases arising
from unpruned and uninhibited exuberant neural connections between contiguous brain areas.

Longitudinal Observations of Developing Synesthetes

One of the most common forms of synesthesia is colored graphemes (Day 2005; Novich, Cheng, and Eagleman
2011; Simner et al. 2006; Ward, Simner, and Auyeung 2005). However, as letters and numbers are culturally-
learned stimuli, it is likely that colored-grapheme synesthesia cannot have been present since birth despite the
impression of synesthetes that they have had it “all their lives.” Instead, it is likely that it was originally
manifest as a robust association between color and basic shapes or between color and the sound of words, as
suggested by the finding that infants appear to perceive circles versus triangles as differentially colored
(Wagner and Dobkins 2011) and the finding that toddlers’ associations between letters and colors are driven
systematically by the jaggedness of the shape (Spector and Maurer 2008, 2011) (see section “Manifestations of
synesthesia-like perception in infants and young children”). Indeed, one adult with colored grapheme
synesthesia and colored hearing has preserved pictures she drew as a pre-schooler of the sound of words: it
appears that before she learned to read she drew a unique design for each word (Duffy 2001). The sample
reproduced in the book resembles a swirling kaleidoscope of three- and four-sided shapes in red, purple, blue,
and yellow, overlaid with blue circles and yellow curved lines.

Two longitudinal studies on the development of colored grapheme synesthesia illustrate how the phenomenon
changes as children learn to read. Simner and colleagues (Simner et al. 2009) asked a large sample (615) of 6- to
7-year-old British children to choose the best of 13 possible colors for the 26 letters of the English alphabet and
the ten numerals from 0 to 9 on an initial test, and on a surprise retest 10 seconds later. Follow-up tests 1 year
later with the 46 children who were significantly more consistent than their peers during the first session
pointed to eight children who appeared to have colored grapheme synesthesia, or 1.3% of the sample: their
color choices were more consistent over 12 months than those of their peers after 10 seconds during the first
session. Interestingly, across the 12 months, the putative synesthetes became more consistent, moving from
having on average 10.5 stable grapheme-to-color associations (29%) during the first session t016.9 stable
associations (43%) during the second session 1 year later. Even so, at age 8, more than half of the graphemes
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were not consistently colored for these putative synesthetes, a far larger proportion than lack color for adults
with colored grapheme synesthesia (Mills et al. 2002).

A similar picture emerges from our longitudinal study of three pre-school English-speaking children of
mothers with colored grapheme synesthesia (Spector and Maurer, unpublished data). Because synesthesia
tends to run in families, we knew that the likelihood that these children would have some form of synesthesia
was higher than in the general population. Moreover, all three children were making comments from the start
of our observations suggesting that they experienced some colored graphemes. Over 1 to 2 years, beginning at
age 3.5,3.75, or 4.5 years, the three children were asked to choose from among 96 crayons, the best one or ones
to color the 26 letters of the alphabet, the digits 0 to 9, and four basic shapes. Once the child had colored all of
those stimuli, with no more than one given per day, the cycle was repeated, with a total of six cycles for one
child, and three cycles for the other two children. As a baseline against which to evaluate consistency, we tested
non-synesthetic control children on two cycles of the same task at the age corresponding to each synesthete’s
1st and 2nd cycle, and, for the child with six cycles, between the 5th and 6th cycles, with four controls for each
time point and stimulus. Each control child was tested with ten of the stimuli.

From the first test, each putative synesthete reported having very specific color associations to the graphemes.
Parents recorded comments like: “This is definitely blue, but not dark blue, this blue”; “The right green is not in
this box, but this is as close as I can find”; “This letter is always gray like rain clouds.” Such comments are
reminiscent of reports of how specific and adamant adult synesthetes are about their synesthetic colors. The
three putative synesthetes were far more consistent (55%) than their age-matched controls (0%), but less
consistent than adults synesthetes (Baron-Cohen et al. 1996). Moreover, consistency between later cycles
(cycles five to six, or for the children with only three cycles, cycles two to three; age 4.5 to 5.5 years: 75%) was
much higher than between the first two cycles (age 3.75 to 4.75 years: 40%), perhaps because learning to read
altered the neural representation of the letters. Most of the inconsistencies during the first two cycles were
small, such as purple changing to red or a letter colored yellow changing to half yellow/half orange. Tests of
letter knowledge indicated that children progressed from some basic letter knowledge at the beginning of
testing to complete letter and letter-sound knowledge by the end of testing. Like studies of color-shape
associations in typical toddlers (Spector and Maurer 2011), these data suggest that there may be intrinsic
connections between graphemes and color that are modified as children learn to read and those graphemes
take on meaning.

At the initial meeting, all children were tested on immediate and delayed recall for letters, numbers, colors,
objects, and shapes. On the immediate test, two of the three synesthetic children showed a much higher rate of
recall than age-matched controls (see Table 3.1). After a 5-minute delay, only one synesthetic child showed a
much higher rate of recall than controls (see Table 3.1). It is important to note that the synesthetic children who
did not perform better on the memory tests appeared bored with the task (perhaps because their procedure
was much longer than that for controls), and thus their performance may be more reflective of a lack of
attentiveness than a lack of memory. However, the evidence of superior memory in some of the children is
consistent with L evidence that adult synesthetes have a better memory for stimuli related to their
synesthesia (Yaro and Ward 2007) or, in some cases, more generally (Gross et al. 2011).
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Table 3.1 Correct responses on a memory task consisting of immediate and delayed recall for four each of colors, letters,
objects, numbers, and shapes. Memory scores for synesthetic children (GK, BP, and ED) are presented in raw scores (number
correct). Memory scores for controls are the mean of correct responses across the three controls for each synesthetic child

Immediate Colors Letters Objects Numbers Shapes Overall
GK 4 2 4 4 2 3.2
Control average 2.75 3.25 4 3 3.25 3.25
BP 4 4 4 2 4 3.6
Control average 0 1.5 2.25 1.5 2.25 1.5

ED 4 3 4 4 4 3.8
Control average 2 1.75 2.5 1.25 2.5 2
Delay Colors Letters Objects Numbers Shapes Overall
GK 3 0 0 0 0 0.6
Control average 2.75 2.25 4 3.5 3.75 3.25
BP 0 4 4 2 4 2.8
Control average 0 0.8 0.8 0.4 0.8 0.56
ED 0 2 0 0 0 0.4
Control average 0.5 0.75 1.25 0.75 1 0.85

In sum, although synesthetes report having their particular forms of synesthesia “all their lives,” longitudinal
data on the general population of 6- to 7-year-olds and on pre-school children growing up in synesthetic
homes suggests that the nature of synesthesia changes as children enter and progress through school, at least
for colored grapheme synesthesia: their color associations to graphemes become more consistent and more
graphemes induce consistent choices. It is not clear whether these changes represent the emergence of
synesthetic percepts that are greater in number, stronger, or more salient and/or an increase in the stability of
the color induced, which may be as strong perceptually at all ages. Children’s comments in our longitudinal
study favor the latter hypothesis because they described very specific colors from the start, much like
synesthetic adults.
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Reconsideration of the Neonatal Synesthesia Hypothesis

Studies of typical infants and young children (see “Manifestations of synesthesia-like perception in infants and
young children” section) provide support for the neonatal L synesthesia hypothesis: before they learn to read,
typical children associate some shapes to specific colors and make systematic cross-modal associations that
are not explained easily by mere learning of the statistical regularities in the environment. In at least some
cases, these associations match common percepts induced in adults with synesthesia. Studies of emerging
colored grapheme synesthesia (see section “Manifestations of synesthesia-like perception in infants and
young children”) also provide support by showing that its manifestation in pre-literature children has many of
its later hallmarks: highly specific induced colors and consistency over time. What seems paradoxical is that
the consistency increases with age and learning to read and that, like so many other forms of synesthesia (e.g.,
ordinal space synesthesia for days of the weeks or months of the year; gustatory synesthesia induced by
words), it involves a culturally learned inducer that children learn postnatally.

An evolutionary perspective is useful in thinking about this paradox. Such culturally learned stimuli developed
fairly recently, long after the brain had evolved to process color, shape, touch, flavor, etc., processing systems
that are well-conserved across mammalian species. Dehaene and Cohen (2011) have hypothesized that the
neural representation of such cultural stimuli makes use of existing cortical specialization by recycling
neuronal architecture best suited for the types of computations needed. In the case of reading and writing, they
speculate that the neural recycling took advantage of brain areas already adept at processing objects and faces.
Support for this hypothesis comes from their findings for the visual word form area in the left temporal cortex,
which sits next to color area V4, that is active in colored hearing and colored grapheme synesthesia. In typical
adults (synesthetes have not been studied), the visual word form area responds more to strings of letters than
to line drawings of objects, scrambled words, or scrambled objects. This specialization for letter
processing/reading is evident in adults who know how to read, whether they learned as adults or children, but
not in illiterate adults (Dehaene et al. 2010). At the same time, the visual word form area responds to other
objects—to faces, houses, tools, and patterns of checks—but the response to at least some of these categories is
smaller in literate than in illiterate adults, as would be expected if reading is making use of neurons that would
otherwise be used to process objects. From this perspective, colored grapheme synesthesia would not be
expected to emerge in its adult form before the child has begun to learn to read so that hyper-connectivity
between the reshaped visual word form area/fusiform gyrus and color area V4 can be manifest. Before the child
learns to read, the same hyper-connectivity could be manifest in other forms, such as colored facial features,
shapes, or sounds. Consistent with the neuronal recycling account, graphemes that are encountered most
frequently have the strongest representation in the visual word form area (Dehaene and Cohen 2011) and elicit
correspondingly brighter synesthetic percepts in adults with colored grapheme synesthesia (Beeli, Esslen, and
Jancke 2007; Cohen Kadosh, Henik, and Walsh 2009; Simner 2007; Smilek et al. 2007). For similar reasons,
graphemes learned early (1, 2, 3) or learned in association with specific colors, such as those on fridge magnets
(Witthoft and Winawer 2006), may be strongly represented in the visual word form area and elicit especially
strong or consistent colors in those individuals with the hyper-connectivity leading to L. colored grapheme
synesthesia. Similarly, culturally based ordinal sequences, such as the days of the week or the months of the
year, may be represented in the right parietal cortex because its pre-existing properties make it best suited to
represent them by neuronal recycling—and as they become represented there, they easily become linked to
other properties represented in the parietal cortex in those with hyper-connectivity, namely, spatial position
and/or colored shapes (Hubbard et al. 2005).

Remnants of neonatal synesthesia are evident in typical adults (Spector and Maurer 2009) as intuitive cross-
modal associations and subsequent influences on behavior. These remnants may be sufficiently strong to
induce synesthetic percepts after the use of drugs that reduce inhibition (e.g., lysergic acid diethylamide (LSD))
or after hypnosis (Cohen Kadosh et al. 2009). Nevertheless, they appear insufficient to support the induction of
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synesthesia through training without altered states of consciousness. Non-synesthetic adults can learn to
associate a specific color to a specific letter through many hours of training or through years of linking
numbers to colors in activities such as cross-stitch needlepoint (e.g., one cross-stitching system uses the
number 3 to denote red thread and the number 7 to denote yellow etc.; Elias et al. 2003; Meier and Rothen 2009;
Rothen, Wantz, and Meier 2011). Nonetheless, these individuals do not experience those colors perceptually,
although they may show congruency effects in a Stroop-type task: trainees are slower to name the font color of
digits if these colors conflict with their learned associations (i.e., slower to name the font color of digit 3 if this
is yellow versus red). This is much like the interference found in genuine synesthetes—who are slower for
colors that conflict with their synesthesia—even though the non-synesthetic trainees do not experience
synesthetic percepts (Elias et al. 2003; Meier and Rothen 2009).

Recent evidence of unexpected plasticity in the adult brain (reviewed in Bavelier et al. 2010) suggests that there
are manipulations that might increase the efficacy of the remnants of the original hyper-connectivity. For
example, pharmacological interventions that reduce neural inhibition (e.g., Rosser et al. 2008), engaging in
aerobic exercise (e.g., Colcombe and Kramer 2003), and playing action video games (e.g., Li et al. 2011) all appear
to induce heightened plasticity in the adult brain. However, it is not clear that doing so would be desirable—
after all, the function of experience-dependent pruning is to tune the individual’s brain to match the stimuli in
his or her environment. It leads to sensory cortices that are relatively specialized and efficient for specific
functions. Sudden strengthening of the residual hyper-connectivity—unlike spending years of development
learning about a world formed of a combination of “real” and synesthetic percepts—might lead to a loss of
sensitivity to the building blocks of perception.

In summary, we have shown that infants and young children exhibit functional hyper-connectivity between
the senses, much of which is reminiscent of the cross-modal associations observed in synesthetic adults. The
recent research findings reviewed in this chapter lend cogent support to the hypothesis that all individuals
experience something like synesthesia as infants, with remnants of these cross-modal associations still
observable in adulthood, either explicitly in synesthetes or implicitly in all other people.

G20Z UJBIN € UO Jasn y)esH 21ignd g uoijendod JO aInjisul - YoIeasay YieaH JO seynjisu| ueipeued Aq /| /+59262/191deyo/z6 1 e/awn|oA-pa)ipa/wos-dno-ojwapeoe//:sdiy oy papeojumod



p.59

References

Asher, Julian E., Michael R.F. Aitken, Nasr Farooqi, Sameer Kurmani, and Simon Baron-Cohen. 2006. Diagnosing and phenotyping
visual synaesthesia: A preliminary evaluation of the revised test of genuineness (TOG-R). Cortex 42: 137-146.
Google Scholar WorldCat

Baron-Cohen, Simon, Lucy Burt, Fiona Smith-Laittan, John Harrison and Patrick Bolton. 1996. Synaesthesia: prevalence and
familiality. Perception 25:1073-1079.
Google Scholar WorldCat

Bavelier, Daphne, Dennis M. Levi, Roger W. Li, Yang Dan, and Takao K. Hensch. 2010. Removing brakes on adult brain plasticity:
From molecular to behavioral interventions. The Journal of Neuroscience 30: 14964-14971.
Google Scholar WorldCat

Beeli, Gian, Michaela Esslen, and Lutz Jancke. 2007. Frequency correlates in grapheme-color synaesthesia. Psychological Science
18: 788-792. doi: 10.1111/j.1467-9280.2007.01980.x.
Google Scholar WorldCat

Bourgeois, Jean-Pierre, and Rakic, Pasko. 1993. Changes of synaptic density in the primary visual cortex of the macaque monkey
from fetal to adult stage. The Journal of Neuroscience 13: 2801-2820.
Google Scholar WorldCat

Chugani, Harry T. 1994. Development of regional brain glucose metabolism in relation to behavior and plasticity. In Human
Behavior and the Developing Brain, ed. Geraldine Dawson and Kurt W. Fischer, 153-175. New York : Guilford Press.
Google Scholar Google Preview WorldCat COPAC

Chugani, Harry T., and Michael E. Phelps. 1986. Maturational changes in cerebral function in infants determined by 18FDG
positron emission tomography. Science 23: 840-843. DOI: 10.1126/science.3945811.
Google Scholar WorldCat

Chugani, Harry T., Michael E. Phelps, and John C. Mazziotta. 1987. Positron emission tomography study of human brain
functional development. Annals of Neurology 22: 487-497.
Google Scholar WorldCat

Cohen Kadosh, Roi, Avishai Henik, Andres Catena, Vincent Walsh, and Luis J. Fuentes. 2009. Induced cross-modal synaesthetic
experience without abnormal neuronal connections. Psychological Science 20:258-265.
Google Scholar WorldCat

Cohen Kadosh, Roi, Avishai Henik, and Vincent Walsh. 2009. Synaesthesia: Learned or lost? Developmental Science 12: 484-491.
Google Scholar WorldCat

Colcombe, Stanley, and Arthur F. Kramer. 2003. Fitness effects on the cognitive function of older adults: A meta-analytic study.
Psychological Science 14: 125-130.
Google Scholar WorldCat

Collignon, Olivier, Geneviéve Charbonneau, Maryse Lassonde, and Franco Lepore. 2009. Early visual deprivation alters
multisensory processing in peripersonal space. Neuropsychologia 47: 3236-3243.
Google Scholar WorldCat

Day, Sean. 2005. Some demographic and socio-cultural aspects of synesthesia. In Synesthesia: Perspectives from Cognitive
Neuroscience, ed. Lynn C. Robertson and Noam Sagiv, 11-33. Oxford : Oxford University Press.
Google Scholar Google Preview WorldCat COPAC

Dehaene, Stanislas, and Laurent Cohen. 2011. The unique role of the visual word form area in reading. Trends in Cognitive
Sciences 15: 254-262.

G20Z UJBIN € UO Jasn y)esH 2liqnd g uoneindod JO alnjisul - YoJeasay YieaH Jo sejnjisu| ueipeue Aq /| /159262/101deyo/z6E/own|oA-palipa/wiod dno-olwapeoe)/:sdiy woly papeojumod


https://scholar.google.com/scholar_lookup?title=Diagnosing%20and%20phenotyping%20visual%20synaesthesia%3A%20A%20preliminary%20evaluation%20of%20the%20revised%20test%20of%20genuineness%20%28TOG-R%29.&author=%20&author=%20&author=%20&author=%20&author=%20&publication_year=2006&journal=Cortex&volume=&pages=
https://www.worldcat.org/search?q=ti:Diagnosing%20and%20phenotyping%20visual%20synaesthesia%3A%20A%20preliminary%20evaluation%20of%20the%20revised%20test%20of%20genuineness%20%28TOG-R%29.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Synaesthesia%3A%20prevalence%20and%20familiality.&author=%20&author=%20&author=%20&author=%20&author=%20&publication_year=1996&journal=Perception&volume=&pages=
https://www.worldcat.org/search?q=ti:Synaesthesia%3A%20prevalence%20and%20familiality.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Removing%20brakes%20on%20adult%20brain%20plasticity%3A%20From%20molecular%20to%20behavioral%20interventions.&author=%20&author=%20&author=%20&author=%20&author=%20&publication_year=2010&journal=The%20Journal%20of%20Neuroscience&volume=&pages=
https://www.worldcat.org/search?q=ti:Removing%20brakes%20on%20adult%20brain%20plasticity%3A%20From%20molecular%20to%20behavioral%20interventions.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Frequency%20correlates%20in%20grapheme-color%20synaesthesia.&author=%20&author=%20&author=%20&publication_year=2007&journal=Psychological%20Science&volume=&pages=
https://www.worldcat.org/search?q=ti:Frequency%20correlates%20in%20grapheme-color%20synaesthesia.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Changes%20of%20synaptic%20density%20in%20the%20primary%20visual%20cortex%20of%20the%20macaque%20monkey%20from%20fetal%20to%20adult%20stage.&author=%20&author=%20&publication_year=1993&journal=The%20Journal%20of%20Neuroscience&volume=&pages=
https://www.worldcat.org/search?q=ti:Changes%20of%20synaptic%20density%20in%20the%20primary%20visual%20cortex%20of%20the%20macaque%20monkey%20from%20fetal%20to%20adult%20stage.&qt=advanced&dblist=638
http://copac.ac.uk/search?ti=Human%20Behavior%20and%20the%20Developing%20Brain
https://scholar.google.com/scholar_lookup?title=Human%20Behavior%20and%20the%20Developing%20Brain&author=%20&author=%20&author=%20&publication_year=1994&book=Human%20Behavior%20and%20the%20Developing%20Brain
https://www.google.com/search?q=Human%20Behavior%20and%20the%20Developing%20Brain&btnG=Search+Books&tbm=bks&tbo=1
https://www.worldcat.org/search?q=ti:Human%20Behavior%20and%20the%20Developing%20Brain&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Maturational%20changes%20in%20cerebral%20function%20in%20infants%20determined%20by%2018FDG%20positron%20emission%20tomography.&author=%20&author=%20&publication_year=1986&journal=Science&volume=&pages=
https://www.worldcat.org/search?q=ti:Maturational%20changes%20in%20cerebral%20function%20in%20infants%20determined%20by%2018FDG%20positron%20emission%20tomography.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Positron%20emission%20tomography%20study%20of%20human%20brain%20functional%20development.&author=%20&author=%20&author=%20&publication_year=1987&journal=Annals%20of%20Neurology&volume=&pages=
https://www.worldcat.org/search?q=ti:Positron%20emission%20tomography%20study%20of%20human%20brain%20functional%20development.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Induced%20cross-modal%20synaesthetic%20experience%20without%20abnormal%20neuronal%20connections.&author=%20&author=%20&author=%20&author=%20&author=%20&publication_year=2009&journal=Psychological%20Science&volume=&pages=
https://www.worldcat.org/search?q=ti:Induced%20cross-modal%20synaesthetic%20experience%20without%20abnormal%20neuronal%20connections.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Synaesthesia%3A%20Learned%20or%20lost%3F&author=%20&author=%20&author=%20&publication_year=2009&journal=Developmental%20Science&volume=&pages=
https://www.worldcat.org/search?q=ti:Synaesthesia%3A%20Learned%20or%20lost%3F&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Fitness%20effects%20on%20the%20cognitive%20function%20of%20older%20adults%3A%20A%20meta-analytic%20study.&author=%20&author=%20&publication_year=2003&journal=Psychological%20Science&volume=&pages=
https://www.worldcat.org/search?q=ti:Fitness%20effects%20on%20the%20cognitive%20function%20of%20older%20adults%3A%20A%20meta-analytic%20study.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Early%20visual%20deprivation%20alters%20multisensory%20processing%20in%20peripersonal%20space.&author=%20&author=%20&author=%20&author=%20&publication_year=2009&journal=Neuropsychologia&volume=&pages=
https://www.worldcat.org/search?q=ti:Early%20visual%20deprivation%20alters%20multisensory%20processing%20in%20peripersonal%20space.&qt=advanced&dblist=638
http://copac.ac.uk/search?ti=Synesthesia%3A%20Perspectives%20from%20Cognitive%20Neuroscience
https://scholar.google.com/scholar_lookup?title=Synesthesia%3A%20Perspectives%20from%20Cognitive%20Neuroscience&author=%20&author=%20&author=%20&publication_year=2005&book=Synesthesia%3A%20Perspectives%20from%20Cognitive%20Neuroscience
https://www.google.com/search?q=Synesthesia%3A%20Perspectives%20from%20Cognitive%20Neuroscience&btnG=Search+Books&tbm=bks&tbo=1
https://www.worldcat.org/search?q=ti:Synesthesia%3A%20Perspectives%20from%20Cognitive%20Neuroscience&qt=advanced&dblist=638

p. 60

Google Scholar WorldCat

Dehaene, Stanislas, Felipe Pegado, Lucia W. Braga, Paulo Ventura, Gilberto Nunes Filho, Antoinette Jobert,

Ghislaine Dehaene-Lambertz, Régine Kolinsky, José Morais, and Laurent Cohen. 2010. How learning to read changes the cortical
networks for vision and language. Science (New York, N.Y,), 330 (6009): 1359-1364. doi:10.1126/science.1194140.

Google Scholar WorldCat

Dehay, Colette, Jean Bullier, and Henry Kennedy. 1984. Transient projections from the fronto-parietal and temporal cortex to
areas 17,18 and 19 in the kitten. Experimental Brain Research 57:208-212.
Google Scholar WorldCat

Dobkins, Karen R., and Christina M. Anderson. 2002. Color-based motion processing is stronger in infants than in adults.
Psychological Science 13: 76-80.
Google Scholar WorldCat

Duffy, Patricia L. 2001. Blue Cats and Chartreuse Kittens: How Synesthetes Color Their World. New York : Times Books.
Google Scholar Google Preview WorldCat COPAC

Elias, Lorin J., Deborah M. Saucier, Colleen Hardie, and Gordon E. Sarty. 2003. Dissociating semantic and perceptual components
of synaesthesia: Behavioural and functional neuroanatomical investigations. Cognitive Brain Research 16: 232-237.
Google Scholar WorldCat

Fair, Damien A., Alexander L. Cohen, Jonathan D. Power, Nico U. F. Dosenbach, Jessica A. Church, Francis M. Miezin,

Bradley L. Schlaggar, Steven E. Petersen. 2009. Functional brain networks develop from a “local to distributed” organization.
PLoS Computational Biology 5 (5): €1000381. d0i:10.1371/journal.pcbi.1000381.

Google Scholar WorldCat

Finney, Eva M., Brett A. Clementz, Gregory Hickok, and Karen R. Dobkins. 2003. Visual stimuli activate auditory cortex in deaf
subjects: Evidence from MEG. Neuroreport 14:1425-14217.
Google Scholar WorldCat

Finney, Eva M., lone Fine, and Karen R. Dobkins. 2001. Visual stimuli activate auditory cortex in the deaf. Nature Neuroscience
4:1171-1173. d0i:10.1038/nn763.
Google Scholar WorldCat

Gross, Veronica C., Sandy Neargarder, Catherine L. Caldwell-Harris, and Alice Cronin-Golomb. 2011. Superior encoding enhances
recallin color-graphemic synesthesia. Perception 40:196. doi:10.1068/p6647.
Google Scholar WorldCat

Grossenbacher, Peter G. and Christopher T. Lovelace. 2001. Mechanisms of synesthesia: Cognitive and physiological constraints.
Trends in Cognitive Sciences 5: 36-41.
Google Scholar WorldCat

Hanggi, Jiirgen, Gian Beeli, Mathias S. Oechslin, and Lutz Jancke. 2008. The multiple synaesthete E.S.: Neuroanatomical basis of
interval-taste and tone-colour synaesthesia. Neuroimage 43:192-203. doi:10.1016/j.neuroimage.2008.07.018.
Google Scholar WorldCat

Homae, Fumitaka, Hama Watanabe, Tamami Nakano, Gentaro Taga. 2011. Large-Scale brain networks underlying language
acquisition in early infancy. Frontiers in Psychology 2: 93. doi:10.3389/fpsyg.2011.00093.
Google Scholar WorldCat

Hubbard, Edward M., A. Cyrus Arman, Vilayanur S. Ramachandran, and Geoffrey M. Boynton. 2005. Individual differences among
grapheme-color synesthetes: Brain-behavior correlations. Neuron 45: 975-985. doi:10.1016/j.neuron.2005.02.008.
Google Scholar WorldCat

G20Z UJBIN € UO Jasn y)esH 2liqnd g uoneindod JO alnjisul - YoJeasay YieaH Jo sejnjisu| ueipeue Aq /| /159262/101deyo/z6E/own|oA-palipa/wiod dno-olwapeoe)/:sdiy woly papeojumod


https://scholar.google.com/scholar_lookup?title=The%20unique%20role%20of%20the%20visual%20word%20form%20area%20in%20reading.&author=%20&author=%20&publication_year=2011&journal=Trends%20in%20Cognitive%20Sciences&volume=&pages=
https://www.worldcat.org/search?q=ti:The%20unique%20role%20of%20the%20visual%20word%20form%20area%20in%20reading.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=How%20learning%20to%20read%20changes%20the%20cortical%20networks%20for%20vision%20and%20language.&author=%20&author=%20&author=%20&author=%20&author=%20&author=%20&author=%20&author=%20&author=%20&author=%20&publication_year=2010&journal=Science%20%28New%20York%2C%20N.Y.%29&volume=&pages=
https://www.worldcat.org/search?q=ti:How%20learning%20to%20read%20changes%20the%20cortical%20networks%20for%20vision%20and%20language.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Transient%20projections%20from%20the%20fronto-parietal%20and%20temporal%20cortex%20to%20areas%2017%2C%2018%20and%2019%20in%20the%20kitten.&author=%20&author=%20&author=%20&publication_year=1984&journal=Experimental%20Brain%20Research&volume=&pages=
https://www.worldcat.org/search?q=ti:Transient%20projections%20from%20the%20fronto-parietal%20and%20temporal%20cortex%20to%20areas%2017%2C%2018%20and%2019%20in%20the%20kitten.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Color-based%20motion%20processing%20is%20stronger%20in%20infants%20than%20in%20adults.&author=%20&author=%20&publication_year=2002&journal=Psychological%20Science&volume=&pages=
https://www.worldcat.org/search?q=ti:Color-based%20motion%20processing%20is%20stronger%20in%20infants%20than%20in%20adults.&qt=advanced&dblist=638
http://copac.ac.uk/search?ti=Blue%20Cats%20and%20Chartreuse%20Kittens%3A%20How%20Synesthetes%20Color%20Their%20World
https://scholar.google.com/scholar_lookup?title=Blue%20Cats%20and%20Chartreuse%20Kittens%3A%20How%20Synesthetes%20Color%20Their%20World&author=%20&publication_year=2001&book=Blue%20Cats%20and%20Chartreuse%20Kittens%3A%20How%20Synesthetes%20Color%20Their%20World
https://www.google.com/search?q=Blue%20Cats%20and%20Chartreuse%20Kittens%3A%20How%20Synesthetes%20Color%20Their%20World&btnG=Search+Books&tbm=bks&tbo=1
https://www.worldcat.org/search?q=ti:Blue%20Cats%20and%20Chartreuse%20Kittens%3A%20How%20Synesthetes%20Color%20Their%20World&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Dissociating%20semantic%20and%20perceptual%20components%20of%20synaesthesia%3A%20Behavioural%20and%20functional%20neuroanatomical%20investigations.&author=%20&author=%20&author=%20&author=%20&publication_year=2003&journal=Cognitive%20Brain%20Research&volume=&pages=
https://www.worldcat.org/search?q=ti:Dissociating%20semantic%20and%20perceptual%20components%20of%20synaesthesia%3A%20Behavioural%20and%20functional%20neuroanatomical%20investigations.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Functional%20brain%20networks%20develop%20from%20a%20%E2%80%9Clocal%20to%20distributed%E2%80%9D%20organization.&author=%20&author=%20&author=%20&author=%20&author=%20&author=%20&author=%20&author=%20&publication_year=2009&journal=PLoS%20Computational%20Biology&volume=&pages=
https://www.worldcat.org/search?q=ti:Functional%20brain%20networks%20develop%20from%20a%20%E2%80%9Clocal%20to%20distributed%E2%80%9D%20organization.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Visual%20stimuli%20activate%20auditory%20cortex%20in%20deaf%20subjects%3A%20Evidence%20from%20MEG.&author=%20&author=%20&author=%20&author=%20&publication_year=2003&journal=Neuroreport&volume=&pages=
https://www.worldcat.org/search?q=ti:Visual%20stimuli%20activate%20auditory%20cortex%20in%20deaf%20subjects%3A%20Evidence%20from%20MEG.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Visual%20stimuli%20activate%20auditory%20cortex%20in%20the%20deaf.&author=%20&author=%20&author=%20&publication_year=2001&journal=Nature%20Neuroscience&volume=&pages=
https://www.worldcat.org/search?q=ti:Visual%20stimuli%20activate%20auditory%20cortex%20in%20the%20deaf.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Superior%20encoding%20enhances%20recall%20in%20color-graphemic%20synesthesia.&author=%20&author=%20&author=%20&author=%20&publication_year=2011&journal=Perception&volume=&pages=
https://www.worldcat.org/search?q=ti:Superior%20encoding%20enhances%20recall%20in%20color-graphemic%20synesthesia.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Mechanisms%20of%20synesthesia%3A%20Cognitive%20and%20physiological%20constraints.&author=%20&author=%20&publication_year=2001&journal=Trends%20in%20Cognitive%20Sciences&volume=&pages=
https://www.worldcat.org/search?q=ti:Mechanisms%20of%20synesthesia%3A%20Cognitive%20and%20physiological%20constraints.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=The%20multiple%20synaesthete%20E.S.%3A%20Neuroanatomical%20basis%20of%20interval-taste%20and%20tone-colour%20synaesthesia.&author=%20&author=%20&author=%20&author=%20&publication_year=2008&journal=Neuroimage&volume=&pages=
https://www.worldcat.org/search?q=ti:The%20multiple%20synaesthete%20E.S.%3A%20Neuroanatomical%20basis%20of%20interval-taste%20and%20tone-colour%20synaesthesia.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Large-Scale%20brain%20networks%20underlying%20language%20acquisition%20in%20early%20infancy.&author=%20&author=%20&author=%20&author=%20&publication_year=2011&journal=Frontiers%20in%20Psychology&volume=&pages=
https://www.worldcat.org/search?q=ti:Large-Scale%20brain%20networks%20underlying%20language%20acquisition%20in%20early%20infancy.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Individual%20differences%20among%20grapheme-color%20synesthetes%3A%20Brain-behavior%20correlations.&author=%20&author=%20&author=%20&author=%20&publication_year=2005&journal=Neuron&volume=&pages=
https://www.worldcat.org/search?q=ti:Individual%20differences%20among%20grapheme-color%20synesthetes%3A%20Brain-behavior%20correlations.&qt=advanced&dblist=638

p. 61

Hubbard, Edward M., David Brang, and Vilayanur S. Ramachandran. 2011. The cross-activation theory at 10. Journal of
Neuropsychology 5: 152-177. d0i:10.1111/j.1748-6653.2011.02014.
Google Scholar WorldCat

Hubbard, Edward M., Manuela Piazza, Philippe Pinel, and Stanislas Dehaene. 2005. Interactions between number and space in
parietal cortex. Nature Reviews Neuroscience 6: 435-448. doi:10.1038/nrn1684.
Google Scholar WorldCat

Huttenlocher, Peter R. 1984. Synapse elimination and plasticity in developing human cerebral cortex. American Journal of
Mental Deficiency 88: 488-496.
Google Scholar WorldCat

Jarick, Michelle, Mike J. Dixon, Emily C. Maxwell, Michael E. R. Nicholls, and Daniel Smilek. 2009. The ups and downs (and lefts
and rights) of synaesthetic number forms: Validation from spatial cueing and snarc-type tasks. Cortex 45: 1190-1199.
doi:10.1016/j.cortex.2009.04.015.

Google Scholar WorldCat

Kohler, W. 1929. Gestalt Psychology. New York : Liveright.
Google Scholar Google Preview WorldCat COPAC

Kupers, R., M. Pappens, A. Maertens de Noordhout, J. Schoenen, M. Ptito, and A. Fumal. 2007. rTMS of the occipital cortex
abolishes braille reading and repetition priming in blind subjects. Neurology 68: 691-693.
d0i:10.1212/01.wnl.0000255958.60530.11.

Google Scholar WorldCat

Lewis, Lindsay B., Melissa Saenz, and lone Fine. 2010. Mechanisms of cross-modal plasticity in early blind subjects. Journal of
Neurophysiology 104: 2995-3008. d0i:10.1152/jn.00983.2009.
Google Scholar WorldCat

Lewkowicz, David J., and Gerald Turkewitz. 1980. Cross-modal equivalence in early infancy: Auditory-visual intensity matching.

Developmental Psychology 16: 597-607. doi:10.1037/0012-1649.16.6.597.
Google Scholar WorldCat

Li, Roger W., Charlie Ngo, Jennie Nguyen, and Dennis M. Levi. 2011. Video-game play induces plasticity in the visual system of
adults with amblyopia. PLoS Biology 9: €1001135. d0i:10.1371/journal.pbio.1001135.
Google Scholar WorldCat

Lindauer, Martin S. 1990. The effects of the physiognomic stimuli taketa and maluma on the meanings of neutral stimuli.
Bulletin of the Psychology Society 28: 151-154.
Google Scholar WorldCat

Marks, Lawrence E. 1974. On associations of light and sound: The mediation of brightness, pitch, and loudness. The American
Journal of Psychology 87: 173-188.
Google Scholar WorldCat

Marks, Lawrence E.. 1975. On colored-hearing synesthesia: Cross-modal translations of sensory dimensions. Psychological
Bulletin 82: 303-331. d0i:10.1037/0033-2909.82.3.303.
Google Scholar WorldCat

Marks, Lawrence E.. 1987. On cross-modal similarity: Auditory-visual interactions in speeded discrimination. Journal of
Experimental Psychology: Human Perception and Performance 13: 384-394. doi:10.1037/0096-1523.13.3.384.
Google Scholar WorldCat

Marks, Lawrence E., Robin J. Hammeal, and Marc H. Bornstein. 1987. Perceiving similarity and comprehending metaphor.
Monographs of the Society for Research in Child Development 52:1-102.

G20Z UJBIN € UO Jasn y)esH 2liqnd g uoneindod JO alnjisul - YoJeasay YieaH Jo sejnjisu| ueipeue Aq /| /159262/101deyo/z6E/own|oA-palipa/wiod dno-olwapeoe)/:sdiy woly papeojumod


https://scholar.google.com/scholar_lookup?title=The%20cross-activation%20theory%20at%2010.&author=%20&author=%20&author=%20&publication_year=2011&journal=Journal%20of%20Neuropsychology&volume=&pages=
https://www.worldcat.org/search?q=ti:The%20cross-activation%20theory%20at%2010.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Interactions%20between%20number%20and%20space%20in%20parietal%20cortex.&author=%20&author=%20&author=%20&author=%20&publication_year=2005&journal=Nature%20Reviews%20Neuroscience&volume=&pages=
https://www.worldcat.org/search?q=ti:Interactions%20between%20number%20and%20space%20in%20parietal%20cortex.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Synapse%20elimination%20and%20plasticity%20in%20developing%20human%20cerebral%20cortex.&author=%20&publication_year=1984&journal=American%20Journal%20of%20Mental%20Deficiency&volume=&pages=
https://www.worldcat.org/search?q=ti:Synapse%20elimination%20and%20plasticity%20in%20developing%20human%20cerebral%20cortex.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=The%20ups%20and%20downs%20%28and%20lefts%20and%20rights%29%20of%20synaesthetic%20number%20forms%3A%20Validation%20from%20spatial%20cueing%20and%20snarc-type%20tasks.&author=%20&author=%20&author=%20&author=%20&author=%20&publication_year=2009&journal=Cortex&volume=&pages=
https://www.worldcat.org/search?q=ti:The%20ups%20and%20downs%20%28and%20lefts%20and%20rights%29%20of%20synaesthetic%20number%20forms%3A%20Validation%20from%20spatial%20cueing%20and%20snarc-type%20tasks.&qt=advanced&dblist=638
http://copac.ac.uk/search?ti=Gestalt%20Psychology
https://scholar.google.com/scholar_lookup?title=Gestalt%20Psychology&author=%20&publication_year=1929&book=Gestalt%20Psychology
https://www.google.com/search?q=Gestalt%20Psychology&btnG=Search+Books&tbm=bks&tbo=1
https://www.worldcat.org/search?q=ti:Gestalt%20Psychology&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=rTMS%20of%20the%20occipital%20cortex%20abolishes%20braille%20reading%20and%20repetition%20priming%20in%20blind%20subjects.&author=%20&author=%20&author=%20&author=%20&author=%20&author=%20&publication_year=2007&journal=Neurology&volume=&pages=
https://www.worldcat.org/search?q=ti:rTMS%20of%20the%20occipital%20cortex%20abolishes%20braille%20reading%20and%20repetition%20priming%20in%20blind%20subjects.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Mechanisms%20of%20cross-modal%20plasticity%20in%20early%20blind%20subjects.&author=%20&author=%20&author=%20&publication_year=2010&journal=Journal%20of%20Neurophysiology&volume=&pages=
https://www.worldcat.org/search?q=ti:Mechanisms%20of%20cross-modal%20plasticity%20in%20early%20blind%20subjects.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Cross-modal%20equivalence%20in%20early%20infancy%3A%20Auditory-visual%20intensity%20matching.&author=%20&author=%20&publication_year=1980&journal=Developmental%20Psychology&volume=&pages=
https://www.worldcat.org/search?q=ti:Cross-modal%20equivalence%20in%20early%20infancy%3A%20Auditory-visual%20intensity%20matching.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Video-game%20play%20induces%20plasticity%20in%20the%20visual%20system%20of%20adults%20with%20amblyopia.&author=%20&author=%20&author=%20&author=%20&publication_year=2011&journal=PLoS%20Biology&volume=&pages=
https://www.worldcat.org/search?q=ti:Video-game%20play%20induces%20plasticity%20in%20the%20visual%20system%20of%20adults%20with%20amblyopia.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=The%20effects%20of%20the%20physiognomic%20stimuli%20taketa%20and%20maluma%20on%20the%20meanings%20of%20neutral%20stimuli.&author=%20&publication_year=1990&journal=Bulletin%20of%20the%20Psychology%20Society&volume=&pages=
https://www.worldcat.org/search?q=ti:The%20effects%20of%20the%20physiognomic%20stimuli%20taketa%20and%20maluma%20on%20the%20meanings%20of%20neutral%20stimuli.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=On%20associations%20of%20light%20and%20sound%3A%20The%20mediation%20of%20brightness%2C%20pitch%2C%20and%20loudness.&author=%20&publication_year=1974&journal=The%20American%20Journal%20of%20Psychology&volume=&pages=
https://www.worldcat.org/search?q=ti:On%20associations%20of%20light%20and%20sound%3A%20The%20mediation%20of%20brightness%2C%20pitch%2C%20and%20loudness.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=On%20colored-hearing%20synesthesia%3A%20Cross-modal%20translations%20of%20sensory%20dimensions.&author=%20&publication_year=1975&journal=Psychological%20Bulletin&volume=&pages=
https://www.worldcat.org/search?q=ti:On%20colored-hearing%20synesthesia%3A%20Cross-modal%20translations%20of%20sensory%20dimensions.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=On%20cross-modal%20similarity%3A%20Auditory-visual%20interactions%20in%20speeded%20discrimination.&author=%20&publication_year=1987&journal=Journal%20of%20Experimental%20Psychology%3A%20Human%20Perception%20and%20Performance&volume=&pages=
https://www.worldcat.org/search?q=ti:On%20cross-modal%20similarity%3A%20Auditory-visual%20interactions%20in%20speeded%20discrimination.&qt=advanced&dblist=638

p. 62

Google Scholar WorldCat

Maurer, Daphne. 1993. Neonatal synesthesia: Implications for the processing of speech and faces. In Developmental
Neurocognition: Speech and Face Processing in the First Year of Life, ed. Bénédicte de Boysson-Bardies, Scania de Schonen,
Peter Jusczyk, Peter McNeilage, and John Morton, 109-124. Dordrecht: Kluver.

Google Scholar Google Preview WorldCat COPAC

Maurer, Daphne, and Charles Maurer. 1988. The World of the Newborn. New York : Basic Books.
Google Scholar Google Preview WorldCat COPAC

Maurer, Daphne, and Catherine J. Mondloch. 2004. Neonatal synesthesia: A re-evaluation. In Synesthesia: Perspectives from
Cognitive Neuroscience, ed. Lynn C. Robertson and Noam Sagiv, 193-213. New York : Oxford University Press.
Google Scholar Google Preview WorldCat COPAC

Maurer, Daphne, Laura C. Gibson, and Ferrine Spector. 2012. Infant synaesthesia: New insights into the development of
multisensory perception. In Multisensory Development, ed. Andrew J. Bremner, David J. Lewkowicz, and Charles Spence. 229-
250. New York : Oxford University Press.

Google Scholar Google Preview WorldCat COPAC

Maurer, Daphne, Thanujeni Pathman, and Catherine J. Mondloch. 2006. The shape of boubas: Sound-shape correspondences in
toddlers and adults. Developmental Science 9: 316-322. doi:10.1111/j.1467-7687.2006.00495.x.
Google Scholar WorldCat

Meier, Beat, and Nicolas Rothen. 2009. Training grapheme-colour associations produces a synaesthetic Stroop effect, but not a
conditioned synaesthetic response. Neuropsychologia 47: 1208-1211. doi:10.1016/j.neuropsychologia.2009.01.009.
Google Scholar WorldCat

Melara, Robert D., and Thomas P. O’Brien. 1987. Interaction between synesthetically corresponding dimensions. Journal of
Experimental Psychology: General 116: 323-336. d0i:10.1037/0096-3445.116.4.323.
Google Scholar WorldCat

Mills, Carol Bergfeld, Meredith L. Viguers, Shari K. Edelson, Amanda T. Thomas, Stephanie L. Simon-Dack, and Joanne A. Innis.
2002. The color of two alphabets for a multilingual synesthete. Perception 31: 1371-1394. d0i:10.1068/p3429.
Google Scholar WorldCat

Mondloch, Catherine J., and Daphne Maurer. 2004. Do small white balls squeak? Pitch-Object correspondences in young
children. Cognitive, Affective, & Behavioral Neuroscience 4: 133-136. doi:10.3758/CABN/4.2.133.
Google Scholar WorldCat

Neville, Helen J. 1995. Developmental specificity in neurocognitive development in humans. In The Cognitive Neurosciences, ed.
Michael S. Gazzaniga, 219-231. Cambridge, MA : The MIT Press.
Google Scholar Google Preview WorldCat COPAC

Nielsen, Alan, and Drew Rendall. 2011. The sound of round: Evaluating the sound-symbolic role of consonants in the classic
takete-maluma phenomenon. Canadian Journal of Experimental Psychology 65: 115-124. doi: 10.1037/a0022268.
Google Scholar WorldCat

Novich, Scott, Sherry Cheng, and David M. Eagleman. 2011. Is synaesthesia one condition or many? A large-scale analysis reveals
subgroups. Journal of Neuropsychology 5: 353-371. d0i:10.1111/j.1748-6653.2011.02015.x.
Google Scholar WorldCat

Nunn, Julia A., L. J. Gregory, M. Brammer, S. C. R. Williams, D. M. Parslow, M. J. Morgan, R. G. Morris, et al. 2002. Functional
magnetic resonance imaging of synesthesia: Activation of V4/V8 by spoken words. Nature Neuroscience 5: 371-375.
doi:10.1038/nn818.

Google Scholar WorldCat

G20Z UJBIN € UO Jasn y)esH 2liqnd g uoneindod JO alnjisul - YoJeasay YieaH Jo sejnjisu| ueipeue Aq /| /159262/101deyo/z6E/own|oA-palipa/wiod dno-olwapeoe)/:sdiy woly papeojumod


https://scholar.google.com/scholar_lookup?title=Perceiving%20similarity%20and%20comprehending%20metaphor.&author=%20&author=%20&author=%20&publication_year=1987&journal=Monographs%20of%20the%20Society%20for%20Research%20in%20Child%20Development&volume=&pages=
https://www.worldcat.org/search?q=ti:Perceiving%20similarity%20and%20comprehending%20metaphor.&qt=advanced&dblist=638
http://copac.ac.uk/search?ti=Developmental%20Neurocognition%3A%20Speech%20and%20Face%20Processing%20in%20the%20First%20Year%20of%20Life
https://scholar.google.com/scholar_lookup?title=Developmental%20Neurocognition%3A%20Speech%20and%20Face%20Processing%20in%20the%20First%20Year%20of%20Life&author=%20&author=%20&author=%20&author=%20&author=%20&author=%20&publication_year=1993&book=Developmental%20Neurocognition%3A%20Speech%20and%20Face%20Processing%20in%20the%20First%20Year%20of%20Life
https://www.google.com/search?q=Developmental%20Neurocognition%3A%20Speech%20and%20Face%20Processing%20in%20the%20First%20Year%20of%20Life&btnG=Search+Books&tbm=bks&tbo=1
https://www.worldcat.org/search?q=ti:Developmental%20Neurocognition%3A%20Speech%20and%20Face%20Processing%20in%20the%20First%20Year%20of%20Life&qt=advanced&dblist=638
http://copac.ac.uk/search?ti=The%20World%20of%20the%20Newborn
https://scholar.google.com/scholar_lookup?title=The%20World%20of%20the%20Newborn&author=%20&author=%20&publication_year=1988&book=The%20World%20of%20the%20Newborn
https://www.google.com/search?q=The%20World%20of%20the%20Newborn&btnG=Search+Books&tbm=bks&tbo=1
https://www.worldcat.org/search?q=ti:The%20World%20of%20the%20Newborn&qt=advanced&dblist=638
http://copac.ac.uk/search?ti=Synesthesia%3A%20Perspectives%20from%20Cognitive%20Neuroscience
https://scholar.google.com/scholar_lookup?title=Synesthesia%3A%20Perspectives%20from%20Cognitive%20Neuroscience&author=%20&author=%20&author=%20&author=%20&publication_year=2004&book=Synesthesia%3A%20Perspectives%20from%20Cognitive%20Neuroscience
https://www.google.com/search?q=Synesthesia%3A%20Perspectives%20from%20Cognitive%20Neuroscience&btnG=Search+Books&tbm=bks&tbo=1
https://www.worldcat.org/search?q=ti:Synesthesia%3A%20Perspectives%20from%20Cognitive%20Neuroscience&qt=advanced&dblist=638
http://copac.ac.uk/search?ti=Multisensory%20Development
https://scholar.google.com/scholar_lookup?title=Multisensory%20Development&author=%20&author=%20&author=%20&author=%20&author=%20&author=%20&publication_year=2012&book=Multisensory%20Development
https://www.google.com/search?q=Multisensory%20Development&btnG=Search+Books&tbm=bks&tbo=1
https://www.worldcat.org/search?q=ti:Multisensory%20Development&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=The%20shape%20of%20boubas%3A%20Sound-shape%20correspondences%20in%20toddlers%20and%20adults.&author=%20&author=%20&author=%20&publication_year=2006&journal=Developmental%20Science&volume=&pages=
https://www.worldcat.org/search?q=ti:The%20shape%20of%20boubas%3A%20Sound-shape%20correspondences%20in%20toddlers%20and%20adults.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Training%20grapheme-colour%20associations%20produces%20a%20synaesthetic%20Stroop%20effect%2C%20but%20not%20a%20conditioned%20synaesthetic%20response.&author=%20&author=%20&publication_year=2009&journal=Neuropsychologia&volume=&pages=
https://www.worldcat.org/search?q=ti:Training%20grapheme-colour%20associations%20produces%20a%20synaesthetic%20Stroop%20effect%2C%20but%20not%20a%20conditioned%20synaesthetic%20response.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Interaction%20between%20synesthetically%20corresponding%20dimensions.&author=%20&author=%20&publication_year=1987&journal=Journal%20of%20Experimental%20Psychology%3A%20General&volume=&pages=
https://www.worldcat.org/search?q=ti:Interaction%20between%20synesthetically%20corresponding%20dimensions.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=The%20color%20of%20two%20alphabets%20for%20a%20multilingual%20synesthete.&author=%20&author=%20&author=%20&author=%20&author=%20&author=%20&publication_year=2002&journal=Perception&volume=&pages=
https://www.worldcat.org/search?q=ti:The%20color%20of%20two%20alphabets%20for%20a%20multilingual%20synesthete.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Do%20small%20white%20balls%20squeak%3F%20Pitch-Object%20correspondences%20in%20young%20children.&author=%20&author=%20&publication_year=2004&journal=Cognitive%2C%20Affective%2C%20%26%20Behavioral%20Neuroscience&volume=&pages=
https://www.worldcat.org/search?q=ti:Do%20small%20white%20balls%20squeak%3F%20Pitch-Object%20correspondences%20in%20young%20children.&qt=advanced&dblist=638
http://copac.ac.uk/search?ti=The%20Cognitive%20Neurosciences
https://scholar.google.com/scholar_lookup?title=The%20Cognitive%20Neurosciences&author=%20&author=%20&publication_year=1995&book=The%20Cognitive%20Neurosciences
https://www.google.com/search?q=The%20Cognitive%20Neurosciences&btnG=Search+Books&tbm=bks&tbo=1
https://www.worldcat.org/search?q=ti:The%20Cognitive%20Neurosciences&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=The%20sound%20of%20round%3A%20Evaluating%20the%20sound-symbolic%20role%20of%20consonants%20in%20the%20classic%20takete-maluma%20phenomenon.&author=%20&author=%20&publication_year=2011&journal=Canadian%20Journal%20of%20Experimental%20Psychology&volume=&pages=
https://www.worldcat.org/search?q=ti:The%20sound%20of%20round%3A%20Evaluating%20the%20sound-symbolic%20role%20of%20consonants%20in%20the%20classic%20takete-maluma%20phenomenon.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Is%20synaesthesia%20one%20condition%20or%20many%3F%20A%20large-scale%20analysis%20reveals%20subgroups.&author=%20&author=%20&author=%20&publication_year=2011&journal=Journal%20of%20Neuropsychology&volume=&pages=
https://www.worldcat.org/search?q=ti:Is%20synaesthesia%20one%20condition%20or%20many%3F%20A%20large-scale%20analysis%20reveals%20subgroups.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Functional%20magnetic%20resonance%20imaging%20of%20synesthesia%3A%20Activation%20of%20V4%2FV8%20by%20spoken%20words.&author=%20&author=%20&author=%20&author=%20&author=%20&author=%20&author=%20&publication_year=2002&journal=Nature%20Neuroscience&volume=&pages=
https://www.worldcat.org/search?q=ti:Functional%20magnetic%20resonance%20imaging%20of%20synesthesia%3A%20Activation%20of%20V4%2FV8%20by%20spoken%20words.&qt=advanced&dblist=638

Orturk, Ozge, Madelaine Krehm, and Athena Vouloumanos. 2013. Sound symbolism in infancy? Evidence for sound-shape cross-
modal correspondences in 4-month-olds. Journal of Experimental Child Psychology 114 (2):173-186.
doi:10.1016/j.jecp.2012.05.004.

Google Scholar WorldCat

Pascual-Leone, Alvaro, and Roy Hamilton. 2001. The metamodal organization of the brain. Progress in Brain Research 134: 1-19.
doi:10.1016/S0079-6123(01)34028-1.
Google Scholar WorldCat

Pascual-Leone, Alvaro, and Fernando Torres. 1993. Plasticity of the sensorimotor cortex representation of the reading finger in
braille readers. Brain 116: 39-52. doi:10.1093/brain/116.1.39.
Google Scholar WorldCat

Paulesu, Eraldo, J. Harrison, S. Baron-Cohen, J. D. G. Watson, L. Goldstein, J. Heather, R. S. J. Frackowiak, and C. D. Frith. 1995.
The physiology of coloured hearing A PET activation study of colour-word synaesthesia. Brain 118: 661-676.
doi:10.1093/brain/118.3.661.

Google Scholar WorldCat

Pefia, Marcela, Jacques Mehler, and Marina Nespor. 2011. The role of audiovisual processing in early conceptual development.
Psychological Science 22: 1419-1421. d0i:10.1177/0956797611421791.
Google Scholar WorldCat

Ramachandran, Vilayanur S., and Edward M. Hubbard. 2001a. Psychophysical investigations into the neural basis of
synaesthesia. Proceedings of the Royal Society B: Biological Sciences 268: 979-983. d0i:10.1098/rspb.2000.1576.
Google Scholar WorldCat

Ramachandran, Vilayanur S., and Edward M. Hubbard. 2001b. Synaesthesia—A window into perception, thought and language.
Journal of Consciousness Studies 8: 3-34.
Google Scholar WorldCat

Rich, Anina N., Bradshaw, John L., and Mattingley, Jason B. 2005. A systematic, large-scale study of synaesthesia: Implications
for the role of early experience in lexical-colour associations. Cognition 98: 53-84. d0i:10.1016/j.cognition.2004.11.003.
Google Scholar WorldCat

Résser, N., P. Heuschmann, H. Wersching, C. Breitenstein, S. Knecht, and A. FI6 el. 2008. Levodopa improves procedural motor
learning in chronic stroke patients. Archives of Physical Medicine and Rehabilitation 89: 1633-1641.
doi:10.1016/j.apmr.2008.02.030.

Google Scholar WorldCat

Rothen, Nicolas, Andrea-Laura Wantz, and Beat Meier. 2011. Training synaesthesia. Perception 40: 1248-1250.
doi:10.1068/p6984.
Google Scholar WorldCat

Rouw, Romke and H. Steven Scholte. 2007. Increased structural connectivity in grapheme-color synesthesia. Nature
Neuroscience 10: 792-797. do0i:10.1038/nn1906.
Google Scholar WorldCat

Rouw, Romke and H. Steven Scholte. 2010. Neural basis of individual differences in synesthetic experiences. The Journal of
Neuroscience 30: 6205-6213. doi:10.1523/JNEUROSCI.3444-09.2010.
Google Scholar WorldCat

Rouw, Romke, H. Steven Scholte, and Olympia Colizoli, O. 2011. Brain areas involved in synaesthesia: A review. Journal of
Neuropsychology 5: 214-242. doi:10.1111/}.1748-6653.2011.02006.x.
Google Scholar WorldCat

G20Z UJBIN € UO Jasn y)esH 2liqnd g uoneindod JO alnjisul - YoJeasay YieaH Jo sejnjisu| ueipeue Aq /| /159262/101deyo/z6E/own|oA-palipa/wiod dno-olwapeoe)/:sdiy woly papeojumod


https://scholar.google.com/scholar_lookup?title=Sound%20symbolism%20in%20infancy%3F%20Evidence%20for%20sound-shape%20cross-modal%20correspondences%20in%204-month-olds.&author=%20&author=%20&author=%20&publication_year=2013&journal=Journal%20of%20Experimental%20Child%20Psychology&volume=&pages=
https://www.worldcat.org/search?q=ti:Sound%20symbolism%20in%20infancy%3F%20Evidence%20for%20sound-shape%20cross-modal%20correspondences%20in%204-month-olds.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=The%20metamodal%20organization%20of%20the%20brain.&author=%20&author=%20&publication_year=2001&journal=Progress%20in%20Brain%20Research&volume=&pages=
https://www.worldcat.org/search?q=ti:The%20metamodal%20organization%20of%20the%20brain.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Plasticity%20of%20the%20sensorimotor%20cortex%20representation%20of%20the%20reading%20finger%20in%20braille%20readers.&author=%20&author=%20&publication_year=1993&journal=Brain&volume=&pages=
https://www.worldcat.org/search?q=ti:Plasticity%20of%20the%20sensorimotor%20cortex%20representation%20of%20the%20reading%20finger%20in%20braille%20readers.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=The%20physiology%20of%20coloured%20hearing%20A%20PET%20activation%20study%20of%20colour-word%20synaesthesia.&author=%20&author=%20&author=%20&author=%20&author=%20&author=%20&author=%20&author=%20&publication_year=1995&journal=Brain&volume=&pages=
https://www.worldcat.org/search?q=ti:The%20physiology%20of%20coloured%20hearing%20A%20PET%20activation%20study%20of%20colour-word%20synaesthesia.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=The%20role%20of%20audiovisual%20processing%20in%20early%20conceptual%20development.&author=%20&author=%20&author=%20&publication_year=2011&journal=Psychological%20Science&volume=&pages=
https://www.worldcat.org/search?q=ti:The%20role%20of%20audiovisual%20processing%20in%20early%20conceptual%20development.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Psychophysical%20investigations%20into%20the%20neural%20basis%20of%20synaesthesia.&author=%20&author=%20&publication_year=2001&journal=Proceedings%20of%20the%20Royal%20Society%20B%3A%20Biological%20Sciences&volume=&pages=
https://www.worldcat.org/search?q=ti:Psychophysical%20investigations%20into%20the%20neural%20basis%20of%20synaesthesia.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Synaesthesia%E2%80%94A%20window%20into%20perception%2C%20thought%20and%20language.&author=%20&author=%20&publication_year=2001&journal=Journal%20of%20Consciousness%20Studies&volume=&pages=
https://www.worldcat.org/search?q=ti:Synaesthesia%E2%80%94A%20window%20into%20perception%2C%20thought%20and%20language.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=A%20systematic%2C%20large-scale%20study%20of%20synaesthesia%3A%20Implications%20for%20the%20role%20of%20early%20experience%20in%20lexical-colour%20associations.&author=%20&author=%20&author=%20&publication_year=2005&journal=Cognition&volume=&pages=
https://www.worldcat.org/search?q=ti:A%20systematic%2C%20large-scale%20study%20of%20synaesthesia%3A%20Implications%20for%20the%20role%20of%20early%20experience%20in%20lexical-colour%20associations.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Levodopa%20improves%20procedural%20motor%20learning%20in%20chronic%20stroke%20patients.&author=%20&author=%20&author=%20&author=%20&author=%20&author=%20&publication_year=2008&journal=Archives%20of%20Physical%20Medicine%20and%20Rehabilitation&volume=&pages=
https://www.worldcat.org/search?q=ti:Levodopa%20improves%20procedural%20motor%20learning%20in%20chronic%20stroke%20patients.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Training%20synaesthesia.&author=%20&author=%20&author=%20&publication_year=2011&journal=Perception&volume=&pages=
https://www.worldcat.org/search?q=ti:Training%20synaesthesia.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Increased%20structural%20connectivity%20in%20grapheme-color%20synesthesia.&author=%20&author=%20&publication_year=2007&journal=Nature%20Neuroscience&volume=&pages=
https://www.worldcat.org/search?q=ti:Increased%20structural%20connectivity%20in%20grapheme-color%20synesthesia.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Neural%20basis%20of%20individual%20differences%20in%20synesthetic%20experiences.&author=%20&author=%20&publication_year=2010&journal=The%20Journal%20of%20Neuroscience&volume=&pages=
https://www.worldcat.org/search?q=ti:Neural%20basis%20of%20individual%20differences%20in%20synesthetic%20experiences.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Brain%20areas%20involved%20in%20synaesthesia%3A%20A%20review.&author=%20&author=%20&author=%20&publication_year=2011&journal=Journal%20of%20Neuropsychology&volume=&pages=
https://www.worldcat.org/search?q=ti:Brain%20areas%20involved%20in%20synaesthesia%3A%20A%20review.&qt=advanced&dblist=638

p.63

Simner, Julia. 2007. Beyond perception: Synaesthesia as a psycholinguistic phenomenon. Trends in Cognitive Sciences 11: 23-29.
doi:10.1016/j.tics.2006.10.010.
Google Scholar WorldCat

Simner, Julia, Jenny Harrold, Harriet Creed, Louise Monro, and Louise Foulkes. 2009. Early detection of markers for synaesthesia
in childhood populations. Brain 132: 57-64. doi:10.1093/brain/awn292.
Google Scholar WorldCat

Simner, Julia, Catherine Mulvenna, Noam Sagiv, Elias Tsakanikos, Sarah A. Witherby, Christine Fraser, Kirsten Scott, and
Jamie Ward. 2006. Synaesthesia: The prevalence of atypical cross-modal experiences. Perception 38: 1024-1033.
doi:10.1068/p5469.

Google Scholar WorldCat

Smilek, Daniel, Jonathan S. A. Carriere, Mike J. Dixon, and Philip M. Merikle. 2007. Grapheme frequency and color luminance in
grapheme-color synaesthesia. Psychological Science 18: 793-795. doi:10.1111/j.1467-9280.2007.01981.
Google Scholar WorldCat

Smilek, Daniel, Mike J. Dixon, Cera Cudahy, and Philip M. Merikle. 2001. Synaesthetic photisms influence visual perception.
Journal of Cognitive Neuroscience 13: 930-936. doi:10.1162/089892901753165845.
Google Scholar WorldCat

Spector, Ferrine, and Daphne Maurer. 2008. The colour of Os: Naturally biased associations between shape and colour.
Perception 37: 841-847. doi:10.1068/p5830.
Google Scholar WorldCat

Spector, Ferrine, and Daphne Maurer. 2009. Synesthesia: A new approach to understanding the development of perception.
Developmental Psychology 45: 175-189. doi:10.1037/a0021437.
Google Scholar WorldCat

Spector, Ferrine, and Daphne Maurer. 2011. The colors of the alphabet: Naturally-biased associations between shape and color.
Journal of Experimental Psychology. Human Perception and Performance 37: 484-495.
WorldCat

Spector, Ferrine, and Daphne Maurer. 2013. Early sound symbolism for vowel sounds. i-Perception 4:239-241.
Google Scholar WorldCat

Stilla, Randall, Rebecca Hanna, Xiaoping Hu, Erica Mariola, Gopikrishna Deshpande, and K. Sathian. 2008. Neural processing
underlying tactile microspatial discrimination in the blind: A functional magnetic resonance imaging study. Journal of Vision
8:13.1-19. d0i:10.1167/8.10.13.

Google Scholar WorldCat

Supekar, Kaustubh, Mark Musen, and Vinod Menon. 2009. Development of large-scale functional brain networks in children.
PLoS Biology 7: €1000157. doi:10.1371/journal.pbio.1000157.
Google Scholar WorldCat

Tzourio-Mazoyer, Nathalie, Scania De Schonen, Fabrice Crivello, Bryan Reutter, Yannick Aujard, and Bernard Mazoyer. 2002.
Neural correlates of woman face processing by 2-month-old infants. Neuroimage 15: 454-461. d0i:10.1006/nimg.2001.0979.
Google Scholar WorldCat

Wagner, Katie, and Karen R. Dobkins. 2011. Synaesthetic associations decrease during infancy. Psychological Science 22: 1067~
1072. doi:10.1177/0956797611416250.
Google Scholar WorldCat

Walker, Peter, J. Gavin Bremner, Uschi Mason, Jo Spring, Karen Mattock, Alan Slater, and Scott P. Johnson. 2010. Preverbal
infants’ sensitivity to synaesthetic cross-modality correspondences. Psychological Science 21:21-25.

G20Z UJBIN € UO Jasn y)esH 2liqnd g uoneindod JO alnjisul - YoJeasay YieaH Jo sejnjisu| ueipeue Aq /| /159262/101deyo/z6E/own|oA-palipa/wiod dno-olwapeoe)/:sdiy woly papeojumod


https://scholar.google.com/scholar_lookup?title=Beyond%20perception%3A%20Synaesthesia%20as%20a%20psycholinguistic%20phenomenon.&author=%20&publication_year=2007&journal=Trends%20in%20Cognitive%20Sciences&volume=&pages=
https://www.worldcat.org/search?q=ti:Beyond%20perception%3A%20Synaesthesia%20as%20a%20psycholinguistic%20phenomenon.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Early%20detection%20of%20markers%20for%20synaesthesia%20in%20childhood%20populations.&author=%20&author=%20&author=%20&author=%20&author=%20&publication_year=2009&journal=Brain&volume=&pages=
https://www.worldcat.org/search?q=ti:Early%20detection%20of%20markers%20for%20synaesthesia%20in%20childhood%20populations.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Synaesthesia%3A%20The%20prevalence%20of%20atypical%20cross-modal%20experiences.&author=%20&author=%20&author=%20&author=%20&author=%20&author=%20&author=%20&author=%20&publication_year=2006&journal=Perception&volume=&pages=
https://www.worldcat.org/search?q=ti:Synaesthesia%3A%20The%20prevalence%20of%20atypical%20cross-modal%20experiences.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Grapheme%20frequency%20and%20color%20luminance%20in%20grapheme-color%20synaesthesia.&author=%20&author=%20&author=%20&author=%20&publication_year=2007&journal=Psychological%20Science&volume=&pages=
https://www.worldcat.org/search?q=ti:Grapheme%20frequency%20and%20color%20luminance%20in%20grapheme-color%20synaesthesia.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Synaesthetic%20photisms%20influence%20visual%20perception.&author=%20&author=%20&author=%20&author=%20&publication_year=2001&journal=Journal%20of%20Cognitive%20Neuroscience&volume=&pages=
https://www.worldcat.org/search?q=ti:Synaesthetic%20photisms%20influence%20visual%20perception.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=The%20colour%20of%20Os%3A%20Naturally%20biased%20associations%20between%20shape%20and%20colour.&author=%20&author=%20&publication_year=2008&journal=Perception&volume=&pages=
https://www.worldcat.org/search?q=ti:The%20colour%20of%20Os%3A%20Naturally%20biased%20associations%20between%20shape%20and%20colour.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Synesthesia%3A%20A%20new%20approach%20to%20understanding%20the%20development%20of%20perception.&author=%20&author=%20&publication_year=2009&journal=Developmental%20Psychology&volume=&pages=
https://www.worldcat.org/search?q=ti:Synesthesia%3A%20A%20new%20approach%20to%20understanding%20the%20development%20of%20perception.&qt=advanced&dblist=638
https://www.worldcat.org/search?q=ti:The%20colors%20of%20the%20alphabet%3A%20Naturally-biased%20associations%20between%20shape%20and%20color.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Early%20sound%20symbolism%20for%20vowel%20sounds.&author=%20&author=%20&publication_year=2013&journal=i-Perception&volume=&pages=
https://www.worldcat.org/search?q=ti:Early%20sound%20symbolism%20for%20vowel%20sounds.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Neural%20processing%20underlying%20tactile%20microspatial%20discrimination%20in%20the%20blind%3A%20A%20functional%20magnetic%20resonance%20imaging%20study.&author=%20&author=%20&author=%20&author=%20&author=%20&author=%20&publication_year=2008&journal=Journal%20of%20Vision&volume=&pages=
https://www.worldcat.org/search?q=ti:Neural%20processing%20underlying%20tactile%20microspatial%20discrimination%20in%20the%20blind%3A%20A%20functional%20magnetic%20resonance%20imaging%20study.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Development%20of%20large-scale%20functional%20brain%20networks%20in%20children.&author=%20&author=%20&author=%20&publication_year=2009&journal=PLoS%20Biology&volume=&pages=
https://www.worldcat.org/search?q=ti:Development%20of%20large-scale%20functional%20brain%20networks%20in%20children.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Neural%20correlates%20of%20woman%20face%20processing%20by%202-month-old%20infants.&author=%20&author=%20&author=%20&author=%20&author=%20&author=%20&publication_year=2002&journal=Neuroimage&volume=&pages=
https://www.worldcat.org/search?q=ti:Neural%20correlates%20of%20woman%20face%20processing%20by%202-month-old%20infants.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Synaesthetic%20associations%20decrease%20during%20infancy.&author=%20&author=%20&publication_year=2011&journal=Psychological%20Science&volume=&pages=
https://www.worldcat.org/search?q=ti:Synaesthetic%20associations%20decrease%20during%20infancy.&qt=advanced&dblist=638

doi:10.1177/0956797609354734.
Google Scholar WorldCat

Ward, Jamie, Brett Huckstep, and Elias Tsakanikos. 2006. Sound-colour synaesthesia: To what extent does it use cross-modal
mechanisms common to us all? Cortex 42: 264-280. doi.org/10.1016/S0010-9452(08)70352-6.
Google Scholar WorldCat

Ward, Jamie, and Jason B. Mattingley. 2006. Synaesthesia: An overview of contemporary findings and controversies. Cortex
42:129-136. d0oi:10.1016/S0010-9452(08) 70336-8.
Google Scholar WorldCat

Ward, Jamie, Julia Simner, and Vivian Auyeung. 2005. A comparison of lexical-gustatory and grapheme-colour synaesthesia.
Cognitive Neuropsychology 22:28-41. doi:10.1080/ 02643290442000022.
Google Scholar WorldCat

Weiss, Peter H., and Gereon R. Fink. 2009. Grapheme-colour synaesthetes show increased grey matter volumes of parietal and
fusiform cortex. Brain 132: 65-70. doi:10.1093/brain/awn304.
Google Scholar WorldCat

Witthoft, Nathan, and Jonathan Winawer. 2006. Synesthetic colors determined by having colored refrigerator magnets in
childhood. Cortex 42:175-183. d0i:10.1016/S0010-9452(08)70342-3.
Google Scholar WorldCat

Wolff, P. H., Matsumiya, Y., Abroms, I. F., van Velzer, C., and Lombroso, C. T. 1974. The effect of white noise on the somatosensory
evoked response in sleeping newborn infants. Electroencephalography and Clinical Neurophysiology 37: 269-274.
Google Scholar WorldCat

Yaka, Rami, Uri Yinon, and Zvi Wollberg. 1999. Auditory activation of cortical visual areas in cats after early visual deprivation.
European Journal of Neuroscience 11: 1301-1312.
Google Scholar WorldCat

Yaro, Caroline, and Jame Ward. 2007. Searching for Shereshevskii: What is superior about the memory of synaesthetes?
Quarterly Journal of Experimental Psychology 60: 681-695. doi:10.1080/17470210600785208.
Google Scholar WorldCat

G20Z UJBIN € UO Jasn y)esH 2liqnd g uoneindod JO alnjisul - YoJeasay YieaH Jo sejnjisu| ueipeue Aq /| /159262/101deyo/z6E/own|oA-palipa/wiod dno-olwapeoe)/:sdiy woly papeojumod


https://scholar.google.com/scholar_lookup?title=Preverbal%20infants%E2%80%99%20sensitivity%20to%20synaesthetic%20cross-modality%20correspondences.&author=%20&author=%20&author=%20&author=%20&author=%20&author=%20&author=%20&publication_year=2010&journal=Psychological%20Science&volume=&pages=
https://www.worldcat.org/search?q=ti:Preverbal%20infants%E2%80%99%20sensitivity%20to%20synaesthetic%20cross-modality%20correspondences.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Sound-colour%20synaesthesia%3A%20To%20what%20extent%20does%20it%20use%20cross-modal%20mechanisms%20common%20to%20us%20all%3F&author=%20&author=%20&author=%20&publication_year=2006&journal=Cortex&volume=&pages=
https://www.worldcat.org/search?q=ti:Sound-colour%20synaesthesia%3A%20To%20what%20extent%20does%20it%20use%20cross-modal%20mechanisms%20common%20to%20us%20all%3F&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Synaesthesia%3A%20An%20overview%20of%20contemporary%20findings%20and%20controversies.&author=%20&author=%20&publication_year=2006&journal=Cortex&volume=&pages=
https://www.worldcat.org/search?q=ti:Synaesthesia%3A%20An%20overview%20of%20contemporary%20findings%20and%20controversies.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=A%20comparison%20of%20lexical-gustatory%20and%20grapheme-colour%20synaesthesia.&author=%20&author=%20&author=%20&publication_year=2005&journal=Cognitive%20Neuropsychology&volume=&pages=
https://www.worldcat.org/search?q=ti:A%20comparison%20of%20lexical-gustatory%20and%20grapheme-colour%20synaesthesia.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Grapheme-colour%20synaesthetes%20show%20increased%20grey%20matter%20volumes%20of%20parietal%20and%20fusiform%20cortex.&author=%20&author=%20&publication_year=2009&journal=Brain&volume=&pages=
https://www.worldcat.org/search?q=ti:Grapheme-colour%20synaesthetes%20show%20increased%20grey%20matter%20volumes%20of%20parietal%20and%20fusiform%20cortex.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Synesthetic%20colors%20determined%20by%20having%20colored%20refrigerator%20magnets%20in%20childhood.&author=%20&author=%20&publication_year=2006&journal=Cortex&volume=&pages=
https://www.worldcat.org/search?q=ti:Synesthetic%20colors%20determined%20by%20having%20colored%20refrigerator%20magnets%20in%20childhood.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=The%20effect%20of%20white%20noise%20on%20the%20somatosensory%20evoked%20response%20in%20sleeping%20newborn%20infants.&author=%20&author=%20&author=%20&author=%20&author=%20&publication_year=1974&journal=Electroencephalography%20and%20Clinical%20Neurophysiology&volume=&pages=
https://www.worldcat.org/search?q=ti:The%20effect%20of%20white%20noise%20on%20the%20somatosensory%20evoked%20response%20in%20sleeping%20newborn%20infants.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Auditory%20activation%20of%20cortical%20visual%20areas%20in%20cats%20after%20early%20visual%20deprivation.&author=%20&author=%20&author=%20&publication_year=1999&journal=European%20Journal%20of%20Neuroscience&volume=&pages=
https://www.worldcat.org/search?q=ti:Auditory%20activation%20of%20cortical%20visual%20areas%20in%20cats%20after%20early%20visual%20deprivation.&qt=advanced&dblist=638
https://scholar.google.com/scholar_lookup?title=Searching%20for%20Shereshevskii%3A%20What%20is%20superior%20about%20the%20memory%20of%20synaesthetes%3F&author=%20&author=%20&publication_year=2007&journal=Quarterly%20Journal%20of%20Experimental%20Psychology&volume=&pages=
https://www.worldcat.org/search?q=ti:Searching%20for%20Shereshevskii%3A%20What%20is%20superior%20about%20the%20memory%20of%20synaesthetes%3F&qt=advanced&dblist=638

