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Abstract. Grapheme-color synesthetes experience a specific color when they see a grapheme but they do not report to perceive a grapheme when
a color is presented. In this study, we investigate whether color can still evoke number-processes even when a vivid number experience is absent.
We used color-number and number-color priming, both revealing faster responses in congruent compared to incongruent conditions. Interestingly,
the congruency effect was of similar magnitude for both conditions, and a numerical distance effect was present only in the color-number priming
task. In addition, a priming task in which synesthetes had to judge the parity of a colored number revealed faster responses in parity congruent
than in parity incongruent trials. These combined results demonstrate that synesthesia is indeed bi-directional and of similar strength in both
directions. Furthermore, they illustrate the precise nature of these interactions and show that the direction of these interactions is determined by
task demands, not by the more vividly experienced aspect of the stimulus.
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Introduction
Synesthesia is the phenomenon where a percept in one sen-
sory modality can lead to the elicitation of a sensation in
another sensory modality or within one modality. As an
example of the latter, in grapheme-color synesthesia (a rela-
tively common form of synesthesia), a letter or number leads
to a vivid and robust experience of a color. The synesthetic
color experience is often subjectively reported as being help-
ful in, for example, remembering names or telephone num-
bers (Smilek, Dixon, Cudahy, & Merikle, 2002). The fact
that synesthetic color can indeed be helpful in experimental
settings has been shown with visual search (Laeng, Svartdal,
& Oelmann, 2004; Palmeri, Blake, Marios, Flanery, &
Whetsell, 2002) and with figure-ground segregation experi-
ments (Ramachandran & Hubbard, 2001). In the visual
search paradigm, for instance, participants have to search
for a target embedded among distracters (e.g., a two embed-
ded among the fives). The speed with which the target is
detected is related to the number of distracters; with an
increasing number of distracters, the time needed to detect
the target increases. In such experiments, synesthetes detect
the target faster than control participants when the target
elicits a synesthetic color distinct from the distracters, yet
this advantage disappears when targets and distracters elicit
similar synesthetic colors. In other words, synesthetic color
clearly induces a pop-out effect.

Beside being advantageous, the induced color experi-
ence can also interfere with the process at hand, for instance,
in a Stroop task (Stroop, 1935), where color names are
printed either in a congruent color (the word RED printed
in red) or in an incongruent color (the word RED printed

in blue). Participants have to name the color aloud while
ignoring the meaning of the word. Since reading is an auto-
matic process and cannot be suppressed, the naming laten-
cies are shorter in the congruent compared to the
incongruent condition. In a Stroop like paradigm, synes-
thetes respond faster when they have to name the ink color
of a grapheme that matches the synesthetic color (experi-
ence) induced by the grapheme than when these colors dif-
fer. Based on these results it has been concluded that
synesthesia might be an involuntary and automatic process
(Cohen Kadosh & Henik, 2006a; Dixon, Smilek, Cudahy,
& Merikle, 2000; Mattingley, Rich, Yelland, & Bradshaw,
2001; Mills, Boteler, & Larcombe, 2003).

The processes involved in the elicitation of a synesthetic
color experience when a grapheme is perceived has been
studied extensively in the recent years (Hubbard &
Ramachandran, 2005; Rich & Mattingley, 2002), but the
reverse, the elicitation of a grapheme after having seen a
color, only gained interest recently (Cohen Kadosh, Cohen
Kadosh, & Henik, 2007; Cohen Kadosh & Henik, 2006a,
2006b; Cohen Kadosh, Sagiv, et al., 2005; Johnson, Jepma,
& De Jong, 2007; Knoch, Gianotti, Mohr, & Brugger,
2005). This is probably related to the fact that synesthetes
report no vivid experience of a grapheme when they perceive
a color (Cytowic, 1989). Interestingly, the studies by Cohen
Kadosh et al. suggest that a (synesthetic) color that is associ-
ated with numerical information can interact with number
processes. They revealed that magnitude judgments of
congruently or incongruently colorednumbers result in signif-
icantly delayed responses in the incongruent trials. They also
used a more indirect paradigm to reveal that the color interfer-
ence remained when, instead of numbers, line lengths or
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triangle sizeswere used. This result of a bi-directional interac-
tion is of importance, as it hasmajor implications for the inter-
pretations of previous studies (Cytowic, 1989; Esterman,
Verstynen, Ivry, & Robertson, 2006; Mattingley et al., 2001;
Mills et al., 2003) that only took into account the possibility
that a number can elicit color processes and not vice versa.
In the often used Stroop paradigm (Cytowic, 1989; Esterman
et al., 2006; Mills et al., 2003), for instance, where the pre-
sented grapheme is either congruently or incongruently col-
ored, it is unclear whether stimulus color or its form and
meaning elicited the synesthetic process that induced the
congruency effect. Yet, in order to gain insight in the
bi-directional nature of the interaction between the inducer
and its synesthetic experience in grapheme-color synesthesia,
such dissociation is paramount. Moreover, such dissociation
enables the parametric study of the magnitudes of these
interactions in both directions.

In the present study, we chose number stimuli to inves-
tigate bi-directionality, because number processes interfere
with each other in a manner that is distinguishable from
interactions between color processes. It has been shown that
participants are faster to compare numbers that are numeri-
cally farther apart (e.g., 1 and 9) compared to numerically
closer numbers (e.g., 5 and 6), the so-called numerical dis-
tance effect (Moyer & Landauer, 1967). The numerical dis-
tance effect has also been demonstrated in priming studies,
in which numerically close prime-target pairs led to faster
responses compared to prime-target pairs that were numeri-
cally more distant (Bodner & Dypvik, 2005; Reynvoet,
Brysbaert, & Fias, 2002; Reynvoet & Brysbaert, 2004).
We designed both a color-number and a number-color prim-
ing task, in which participants had to name aloud the target
(the number in the color-number priming task and the color
in the number-color priming task) of a congruent (i.e., prime
and target match) or an incongruent condition (i.e., prime
and target do not match). The trials of the incongruent con-
dition were divided into three numerical distance groups.
Therefore, the number related to the printed (synesthetic)
color and the number presented in the same trial were either
one, two or three numerical distances apart (e.g., the number
3, primed with the synesthetic color of number 4, 5, or 6 and
vice versa). We reasoned that if synesthesia is uni-direc-
tional (numbers can elicit colors, but colors cannot elicit
numbers), the number prime will elicit a synesthetic color
process in the number-color priming task, which interferes
with naming the target color (see Figure 1a). Similarly, in
the color-number priming task, the color prime is congruent
or incongruent with the vivid color experience elicited by
the number target (see Figure 1b). Thus, a congruency effect
would be the result of interacting color processes. However,
if synesthesia is bi-directional, the number elicits color pro-
cesses and the ink color elicits number processes. Therefore,
it is unclear whether a congruency effect is the result of
color congruency or number congruency (or both). To deter-
mine the underlying process(es), we will specifically analyze
the numerical distance effect that only arises when two num-
ber processes interact. Hence, if such a numerical distance
effect is found in the number-color priming task, the number
prime interacts with the number process elicited by the color
target (see Figure 1c). A numerical distance effect in the

color-number priming task will be the result of the color
prime eliciting a number process that interacts with the num-
ber target (see Figure 1d).

In a second experiment, we investigated the effect of
synesthetic color on numerical processes with a parity judg-
ment task. The participants had to judge the parity of a num-
ber, by pressing the button corresponding to even or odd.
A recent number-number priming task in which the partici-
pants had to judge parity has revealed shorter reaction times
when both prime and target were of the same parity in con-
trast to pairs of distinct parity (Bodner & Dypvik, 2005).
The occurrence of a parity congruency effect in the present
experiment would conclusively demonstrate that the numer-
ical process elicited by the ink color of the stimulus affects
the response pattern. The number presented in each trial was
thus colored in its related synesthetic color (congruent con-
dition) or a color that was (by the synesthete) associated
with a different number (incongruent condition). In addition,
the incongruent color condition consisted of four numerical
distance groups. As four numerical distances were used, the
trials could be separated in two parity congruent (distance 2
and 4, e.g., the even number 4 or 6 presented in the synes-
thetic color of the even number 2, see Figure 2) and two par-
ity incongruent (distance 1 and 3, e.g., the odd number 3 or
5 presented in the synesthetic color of the even number 2,
see Figure 2) conditions. Faster responses were of course
expected in the congruent trials compared to the incongruent
trials, which would (again) indicate that color and number
processes interact. In addition, a parity congruency effect
is expected and would indicate that it was the numerical pro-
cess elicited by the ink color of the stimulus that determined
the response pattern.
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Figure 1. Possible outcomes of the color-number and the
number-color priming task are presented. The upper row
represents the two outcomes without a numerical distance
effect (a and b) and the bottom row represents the two
outcomes with a numerical distance effect (c and d). It is
expected that only the prime elicits its related synesthetic
process and interacts in both direction with the target
process (a and d).
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It should be noted that most studies on synesthesia have
either been single case studies or studies with only a limited
number of participating synesthetes. We were in the position
of testing a group of 19 synesthetes, 16 of which are
included in the analyses of the priming task and 14 in the
analyses of the parity judgment task, thus enabling us to
more conclusively determine the underlying mechanisms
of color-number (as well as number-color) interactions.

Method

Participants

Nineteen grapheme-color synesthetes (aged between 21 and
54 years,M = 35.5, SD = 11.7; 18 women and 1 men), two
of which were classified as projectors (Dixon, Smilek, &
Merikle, 2004), participated in both experiments. Sixteen
nonsynesthetic controls participated in the priming task (aged
between 20 and 32 years, M = 26.2, SD = 3.9; 13 women
and 3 men) and 14 in the parity judgment task (aged between
21 and 32 years, M = 27.3, SD = 3.7; 11 women and 3
men). All participants were native Dutch speakers and had
normal or corrected-to-normal vision. All synesthetes had
to color the numbers 2–9 prior to and after the behavioral
tests in the color that they experience when seeing the num-
ber. The colors were chosen from the custom color palette
available in Microsoft Office 2000. All synesthetes colored
the numerals almost identical in both instances. The colors
chosen in the previous test were used in the priming and par-
ity judgment tasks. Each control participant performed the
tasks with a different set of colors that was identical to the
colors of one of the synesthetes (included in the analyses).

Apparatus and Stimuli

In each trial, the prime and target were displayed centrally
on a 22 in. monitor using the Presentation software (Neuro-
behavioral Systems, Albany, CA). The stimuli consisted of

black Arabic numbers ranging from 2 to 9 and color patches
in the synesthetic colors that were related to the numbers
2–9 (width = 1.6� and height = 2�). The stimuli were
presented centrally on a gray background at a distance of
~ 57 cm from the monitor. Verbal reaction times were
recorded with a voice key.

The priming task consisted of two tasks: (1) number-
color priming, where the participant had to respond by nam-
ing aloud the color of the color patch and (2) color-number
priming, where the participant had to respond by naming
aloud the number presented. In addition, each task consisted
of congruent and incongruent conditions. The incongruent
conditions consisted of three numerical distance groups.
For the color-number priming task, this means that the num-
ber related to the color prime had a numerical distance of 1,
2, or 3 from the number target. For the number-color prim-
ing task, this means that the number prime had a numerical
distance of 1, 2, or 3 from the number related to the target
color. Thus, the experiment consisted of two priming tasks
(240 trials in each task), each again consisted of two congru-
ency conditions (120 trials), of which the incongruent con-
dition consisted of three number distances (40 trials per
distance). The order of the two priming tasks was counter-
balanced between participants. Before the experimental tri-
als started, the participants received instructions and
performed 15 practice trials. Each trial began with a fixation
cross (500 ms), followed by the prime (500 ms), an inter-
stimulus interval (500 ms), the target (which remained on
the screen until the participant gave a verbal response),
and an inter trial interval (500 ms).

The parity task consisted of a congruent condition (the
color of the number matched the synesthetic color associated
with that number) and an incongruent condition (the color
differed from the synesthetic color associated with that num-
ber). In the latter case, the color that was used was the color
of a number that was one, two, three or four numerical dis-
tances apart from the number presented in that trial. The
incongruent trials thus consisted of two parity congruent
conditions (numerical distance 2 and 4) and two parity
incongruent conditions (numerical distance 1 and 3) mean-
ing that the parity of the number belonging to the presented
color and the parity of the number presented were not of the
same kind (even/odd; e.g., Figure 2). Size of the stimuli was
equal to that in the priming task.

One half of the participants started responding with the
right hand to even numbers and the left hand to odd num-
bers, while the other half of the participants started with
the reversed order, to correct for possible contamination of
the data by stimulus-response related effects, which have
been demonstrated before with these paradigms (Dehaene,
Bossini, & Giraux, 1993). All the participants performed
the task with both response formats. Before the experimental
trials started, the participants received instructions and per-
formed 20 practice trials. Thus, the experiment consisted
of color-number congruent and incongruent trials (each
320 trials), the incongruent trials again consisted of parity
congruent and parity incongruent trials (each 160 trials),
and both parity congruent trials and incongruent trials con-
sisted again of distance small and distance large (each 80 tri-
als). Each trial began with a fixation cross (500 ms),

2 3 4 5 6 
(2) (3) (4) (5) (6)numbers presented 

in the synesthetic 
color of number 2

number distances

parity congruency X  I C I C

0 1 2 3 4

Figure 2. The upper row represents the numbers 2–6
colored in the synesthetic color of number 2, the colors
between the brackets represent the synesthetic color one of
the synesthetes experienced with those numbers (colors
online only). The second row represents the number
distances and the bottom row the parity congruent
conditions (C) and the parity incongruent conditions (I).
The number two colored in its synesthetic color is color
congruent and parity congruent and is therefore marked
with an ‘‘x’’.
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followed by the target (200 ms), a backward mask (which
remained on the screen until the participant gave a manual
response) and an inter-trial interval (500 ms).

Analyses

For the priming task, three synesthetes were excluded due to
voice key problems and in the parity judgment task five
synesthetes were excluded because they had less than
70% of the trials correct. For the parity judgment task, the
data were grouped over both response formats (left even
and right odd and vice versa). For each remaining
participant, median reaction times of the correct trials were
calculated per condition.

Results

Priming Task

For the 16 included synesthetes, a repeated measures (two-
way) analysis of variance (ANOVA) was performed on the
reaction times for the different conditions in the two priming
tasks, which revealed a significant main effect for task
(F(1, 15) = 70.41, p < .001), the synesthetes responded sig-
nificantly faster in the color-number compared to the num-
ber-color priming task. A significant main effect for
congruency was also present (F(1, 15) = 12.27, p = .003)
with faster responses for the congruent compared to the
incongruent condition. No significant interaction effect
between task and congruency (F(1, 15) = 0.56, p > .464)
was found. Post-hoc paired t tests showed that synesthetes
responded faster in the congruent compared to the incongru-
ent trials in both the number-color (t(15) = �3.5, p = .003)

and the color-number priming task (t(15) = �2.4, p = .025)
(see Figure 3a). In addition, we compared the ratios (the
median reaction time of the congruent condition divided
by the incongruent condition) of both priming tasks to inves-
tigate whether the larger priming effect in the color-number
(44 ms) compared to the number-color priming task (33 ms)
was due to the overall faster responses in the color-number
priming task. Interestingly, no significant difference was
obtained between both the ratios (t(15) = 0.319, p > .754)
(congruent = 0.91% and incongruent = 0.95%) and the
absolute values (t(15) = 0.751, p > .464) (congruent
53.5 ms and incongruent = 28.86 ms) indicating that the
priming effect was indeed of the same relative magnitude
in both tasks. Beside the reaction time data, we also
investigated the effect of congruency on task accuracy.
The synesthetes did not reveal a congruency effect for
color-number priming (t(15) = 0.8, p = .425) (congru-
ent = 0.951% and incongruent = 0.929%) or for number-
color priming (t(15) = 1.2, p = .234) (congruent = 0.047%
and incongruent = 0.074%). This result indicates that the
congruency effects present in the reaction time data could
not be the results of a speed accuracy trade off.

As a priming effect was present in both tasks, we further
explored whether a numerical distance effect was present
within the incongruent conditions. A repeated measures
ANOVA was performed for both tasks separately with the
three numerical distance conditions as independent factors.
A significant numerical distance effect (for distance 1–3)
was present in the color-number priming task
(F(2, 30) = 4.63, p = .018), but no significant numerical
distance effect was present in the number-color priming task
(F(2, 30) = 0.58, p > .566) (see Figure 4a and b). For the
color-number priming task, we performed Bonferroni cor-
rected post-hoc comparisons, a significant difference
between distances 1 and 2 (t(15) = �4.286, p = .001) but
not between distances 2 and 3 (t(15) = 1.135, p = .274) in
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Figure 3. The results of the synesthetes revealed a congruency effect with faster responses for the congruent (color and
number matched) compared to the incongruent (color and number did not match) condition in both the priming tasks,
indicating an effect of numbers on colors, as well as of colors on numbers (a). In contrast, the results of the controls
revealed a congruency effect in neither priming tasks (b). The error bars represent the 95% confidence interval (Loftus &
Masson, 1994).
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the color-number priming task. The lack of a distance effect
between distance 2 and 3 indicates that priming is effective
up to a number distance of 2. A lack of a priming effect for
distances 3 and larger is in agreement with the results
presented in a numerical priming study performed by
Roggema, Verguts, and Fias (2007, see Figure 2a). The
presence of a numerical priming effect is in agreement with
the expectations as depicted in the models 1a and 1d in Fig-
ure 1. In order to ascertain whether the effects present in the
results of the synesthetes can indeed be attributed to their
synesthetic experience, we also tested 16 control partici-
pants. The repeated measures ANOVA revealed a significant
difference for task (F(1, 15) = 21.39, p < .001) with faster
responses for the color-number compared to the number-
color priming task. Yet, no significant difference for con-
gruency (F(1, 15) = 0.182, p > .297) or interaction effect
(F(1, 15) = 0.207, p > .656) was found (see Figure 3b).

Parity Task

For the remaining 14 included synesthetes paired t tests
revealed significantly faster responses in congruent than in
incongruent conditions (t(13) = �4.68, p < .001). No con-
gruency effect was present for accuracy (t(13) = �0.38,
p = .713). (congruent = 86% and incongruent = 85%).
Because a congruency effect was present for the reaction
times, a repeated measures ANOVA was performed with
parity congruency (parity congruent and incongruent) and
distance (distance small and large) as separate factors to
reveal whether a parity or a numerical distance effect was
present within the incongruent condition. A significant

parity congruency effect (F(1, 13) = 5.14, p = .041) but
no distance effect (F(1, 13) = 1.37, p > .262) or an interac-
tion effect was present (F(1, 13) = 0.03, p > .859) (see
Figure 5a). This finding is in agreement with our
expectations and indicates that the ink color of the stimuli
elicited number processes that interfered with the number
stimulus. Not very surprisingly, for the 14 controls, t tests
revealed no significant difference in the reaction times
for the congruent compared to incongruent conditions
(t(14) = 0.207, p > .839) (see Figure 5b).

Discussion

Grapheme-color synesthetes describe a vivid experience of a
color when they see (for instance) a number, but the reverse,
the experience of a number when a color is perceived has
not been reported. It has been suggested that even in the
absence of a vivid number experience, color still elicits
numerical processes (Cohen Kadosh & Henik, 2006a,
2006b; Cohen Kadosh, Sagiv, et al., 2005; Johnson et al.,
2007; Knoch et al., 2005). In this study, we investigated
whether color can indeed elicit number processes and how
the interaction between color and number processes is estab-
lished. To this end, synesthetes and controls performed two
priming tasks and a parity judgment task, each of which
contained congruent (color and number matched) as well
as incongruent (color and number did not match) conditions.
For synesthetes, faster responses were obtained for the con-
gruent compared to the incongruent conditions, indicating
that an interaction between both sensory processes occurred
in both experiments. This finding is consistent with previous
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findings in Stroop like paradigms (Cohen Kadosh & Henik,
2006a; Dixon et al., 2000; Mattingley et al., 2001; Mills
et al., 2003). Moreover, the present experimental design
enabled us to determine which process caused this interac-
tion, by comparing the different numerical distance groups
within the incongruent conditions.

In the priming task, a numerical distance effect was pres-
ent in the color-number priming task which indicates that
the color prime elicited number processes that interacted
with the number target (see Figure 1d). In the number-color
priming task no numerical distance effect was found, which
indicates that the faster responses in the congruent compared
to the incongruent condition were a result of interacting
color processes only (see Figure 1a). More specifically, the
number prime induced a color experience that interacted
with the color target. Thus, a congruency effect arises for
the process that is addressed in the task (i.e., color in the
number-color priming task and number in color-number
priming task). The results of both priming tasks indicate that
the interaction between graphemes and colors in grapheme-
color synesthesia is bi-directional. An additional interesting
finding is that the difference in response times between con-
gruent and incongruent conditions is of similar magnitude in
both tasks. This indicates that, although colors do not elicit
vivid numerical experiences, the percept of ink color (and
thus the induced number process) primes numerical pro-
cesses to a similar extent as numbers (and thus the induced
color process) prime color processes. It could be argued that
color-color priming across or within trials can account for
the results in the color-number priming task. We think this
very unlikely for the following reasons: First, a large number
of different prime-target combinations was used (each

combination of the incongruent trials was presented only
once or twice). If one of these combinations led to color-
color priming, its effect would be marginal. Moreover, any
effect of such a combination would not be systematic, since
incongruent prime-target combinations almost never con-
sisted of color within a single color category. Second, our
large population of synesthetes revealed a large variety in
the colors elicited by the numbers, which again reduces
the chance that color-color priming could have induced sys-
tematic effects.

The results of the parity task revealed a parity congru-
ency effect, with faster responses for the conditions where
the parity of the number related to the ink color of the stim-
ulus was the same as the number stimulus presented in the
same trial. Apparently, a parity congruency effect could arise
even though color and number were presented simulta-
neously. One would expect that when a color and number
are present as a single stimulus then the most vivid experi-
ence, the color experience elicited by the number, would
induce the interaction effect. Instead, we found a numerical
interaction effect, suggesting that even in the presence of the
vivid color experience, number processes are elicited by the
ink color that interacts with the number perceived. Since the
synesthetes were instructed to respond to the number and
not the color of the stimulus, we suggest that the interaction
effect is not related to the more vivid aspect of the stimulus
(the synesthetic color experience) per se, but is related to the
stimulus property that is responded to (in this case the num-
ber). This finding underlines the results of the priming study
where a priming effect was only present for the stimulus for-
mat that the subject responded to (e.g., color or number
naming; see also Figure 1a and d). The presence of a parity
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congruency effect instead of a numerical distance effect (as
in the priming task) is in agreement with the results of
Bodner and Dypvik (2005). In their number-number
priming study, subjects had to make either a parity or a
magnitude judgment. In the former case a parity congruency
effect was obtained while in the latter a numerical distance
effect was obtained. It was reasoned that the results were
directly related to the task instruction.

Beside the main finding of bi-directionality in both
experiments, the result that the priming effect was of similar
strength in both priming tasks is intriguing. The grapheme-
color synesthetes that participated in this experiment told us
to have a vivid experience of a color when a number is per-
ceived but no vivid experience of a number when a color is
perceived. We speculate that this could be related to the fact
that color information has access to many associated objects
in memory (e.g., yellow can be associated with a banana,
sunflowers, the sun, etc.) (Nijboer, van Zandvoort, &
de Haan, 2006) whereas a number is only associated with
the amount it refers to. If a color process is elicited, not
one object in particular but many associated objects are
primed (at the same time). The fact that a number is only
one of the many associated objects for synesthetes could
be the reason why no vivid number experience is present
when a color is perceived. Yet, the percept of a number will
only lead to the elicitation of a single association in graph-
eme-color synesthesia: a color, and as a result it can more
easily lead to a vivid experience of that color. This idea com-
plements that of Ramachandran and Hubbard (2003), who
proposed that the induced color experience when a number
is perceived can be superimposed on that number form but
the other way around, the percept of a color cannot be
ascribed to a number form since this number form could
have distinct sizes or fonts. Instead of a distinct format for
one particular number we suggest that there are more asso-
ciations beside that number form that are linked to color.

How the interaction between number and color is estab-
lished is directly related to the cortical areas involved in syn-
esthesia. There are two main hypotheses that describe the
underlying structure that subserves the synesthetic experi-
ence. First, synesthesia might arise from long range connec-
tions between lower visual areas V4/V8 and higher cortical
areas. Second, synesthesia might arise from close connec-
tions between adjacent areas at a lower perceptual level
(e.g., the fusiform gyrus) (Ramachandran & Hubbard,
2001; see for a review Hubbard & Ramachandran, 2005).
However, a recent study investigating bi-directionality
revealed that brain activation is modulated by task (Cohen
Kadosh et al., 2007). In this study, a number comparison
task led to effects in the intra parietal sulcus (IPS) while a
triangle comparison task led to effects in the fusiform gyrus.
In addition, close connections between adjacent areas at a
higher, more conceptual stage have also been suggested
(Ramachandran & Hubbard, 2001). Two psychophysical
studies that investigated bi-directionality hint at cross wiring
at a higher more conceptual level. These studies revealed
that color influenced both number (Cohen Kadosh & Henik,
2006a; Cohen Kadosh, Sagiv, et al., 2005) and line length
judgments (Cohen Kadosh & Henik, 2006a; Cohen Kadosh,
Sagiv, et al., 2005) in synesthesia, and that this effect is

comparable to the effect of physical size on number
judgments as has been found frequently in number studies
(Besner & Coltheart, 1979; Henik & Tzelgov, 1982).
Together with the notion that the IPS is considered to pro-
cess different magnitudes such as numbers, physical sizes,
or line lengths (Cohen Kadosh, Henik, et al., 2005; Fias,
Lammertyn, & Reynvoet, 2003; Pinel, Piazza, Bihan, &
Dehaene, 2004), these findings resulted in the suggestion
that the synesthetic colors in synesthetes are scaled ordinally
according to their numerical value (Cohen Kadosh, Sagiv,
et al., 2005) and that synesthesia might be a result of cross
wiring within the IPS (Cohen Kadosh & Henik, 2006a). The
interaction between number and physical size, however,
occurs similarly in both directions (i.e., size interferes with
number and number interferes with size) (Henik & Tzelgov,
1982). In the two studies mentioned above only the influence
of color on number processes was tested and not vice versa.
On the basis of the results of our priming tasks, in which the
influence of color on number as well as the influence of num-
ber on color were tested, we can conclude that this interaction
occurs in a dissimilar fashion in both directions. Therefore,we
suggest that synesthetic colors are not ordered in an ordinal
manner like numbers (or processed in the IPS). Instead we
propose that color activates number processes (possibly in
the IPS), which in turn interfere with the number processes
evoked by task demands. Three architectural models that
underlie synesthetic processes have been proposed. These
are the local cross-activation model (e.g., Ramachandran &
Hubbard, 2003), the re-entrant model (e.g., Smilek, Dixon,
Cudahy, & Merikle, 2001), and the disinhibited feedback
model (e.g., Grossenbacher & Lovelace, 2001). Our results
cannot differentiate between the three architectural models
but do constrain possible models, as outlined above.

To conclude, we report more conclusive evidence about
the bi-directional interaction between color and number in
grapheme-color synesthesia. It appears that color and num-
ber processes in grapheme-color synesthesia interact in both
directions and that this bi-directional interaction is of similar
strength. Moreover, the task demand determines the direc-
tion of the interaction, not the aspect of the stimulus that
is more prominent.
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