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The recent sharp increase in studies on synesthesia has taught us a lot about this fascinating condition.
Still, while we define synesthesia as ‘the mixing of senses’, the great majority of synesthesia studies focus
on only one synesthesia type (in particular grapheme-color synesthesia). In this study, a large group of
subjects are tested on the presence or absence of different types of synesthesia. Efforts to recruit a re-
presentative sample of the Dutch population, not related to or aware of synesthesia as a research topic,
helped counter a selection bias or a self-report bias in our subject group. A sharp increase in synesthesia
prevalence was found, at least partially due to including many different types of synesthesia in the sy-
nesthesia ‘diagnoses’. The five synesthesia types reported in the Novich et al (2011) study were obtained;
Colored Sequences, Colored Music, Colored Sensations, Spatial Sequences, Non-Visual Sequelae, as well
as an additional synesthesia type, Sequence-Personality. No differences were found between synesthetes
and non-synesthetes in education level, handedness, age, and sex. The synesthetes showed increased
intelligence as compared with matched non-synesthetes. This was a general effect rather than bound to a
specific cognitive domain or to a specific (synesthesia-type to stimulus-material) relationship. The ex-
pected effect of increased “Openness” in synesthetes was obtained, as well as two unexpected effects in
personality traits (increased “Neuroticism” and decreased “Conscientiousness”). We also found increased
“Emotionality” (experiencing emotions) and increased “Fantasizing”, but synesthetes did not differ in
cognitive appraisal of emotions (identifying/analyzing/verbalizing of emotions). The personality and
cognitive characteristics were found related to having synesthesia (in general) rather then to particular
synesthesia subtypes. This supports the existence of a general synesthetic ‘trait’, over the notion of re-
latively independent ‘types’ of synesthesia. In further support, exploratory analyses showed that a
measurement of synesthetic strength (number of subtypes of synesthesia) correlates with stronger
findings (increased “Openness”, “Fantasizing”, and “Emotionality”, and decreased “Conscientiousness”).
In conclusion, results are in line with the notion of a general synesthetic ‘trait’, and this synesthetic trait
is associated with particular personality traits and cognitive characteristics.

© 2016 Published by Elsevier Ltd.

1. Introduction

et al., 2011; Niccolai, Jennes, Stoerig, & van Leeuwen, 2012). Cur-
rently, we do not know the relationship between the general

The past two decades have seen a steep increase in synesthesia
literature. Accordingly, a lot has been learned about this fascinat-
ing condition. Yet, it would be just as valid to state that we hardly
know anything at all about synesthesia. Almost all synesthesia
research includes only one type of synesthesia, and the great
majority of these studies are on one particular type, namely ‘gra-
pheme-color’ (linguistic-color) synesthesia. Yet the definition of
the condition stresses its broadness: the ‘mixing of senses’, and an
important characteristic of synesthesia is that it includes a range of
different subtypes (e.g., Cytowic and Eagleman, 2009; Novich

* Corresponding author at: Brain and Cognition, Department of Psychology,
University of Amsterdam, Weesperplein 4, 1018XA Amsterdam, The Netherlands.
E-mail address: r.rouw@uva.nl (R. Rouw).

http://dx.doi.org/10.1016/j.neuropsychologia.2016.01.006
0028-3932/© 2016 Published by Elsevier Ltd.

condition of synesthesia (the “Synesthetic Trait”), and the plurality
of different subtypes (“Synesthetic Types”). We also know very
little about the scope of the synesthetic characteristics we have
acquired so far; are they general characteristics that apply equally
to all different types, or are part of these findings in fact specific to
the studied type (grapheme-color synesthesia) only? In order to
learn about the trait ‘synesthesia’, larger-scale studies are needed
that include many different types of synesthesia, and compare this
diverse group of synesthetes with a group of controlled non-sy-
nesthetic subjects. In this project, we examine the ‘trait’ sy-
nesthesia by including a larger set with different synesthesia
types. The current study was set up to find different types of sy-
nesthesia in a large sample of subjects. The second goal is to ex-
amine the general personality and cognitive characteristics of
these synesthetes, as compared with non-synesthetes.


www.sciencedirect.com/science/journal/00283932
www.elsevier.com/locate/neuropsychologia
http://dx.doi.org/10.1016/j.neuropsychologia.2016.01.006
http://dx.doi.org/10.1016/j.neuropsychologia.2016.01.006
http://dx.doi.org/10.1016/j.neuropsychologia.2016.01.006
http://crossmark.crossref.org/dialog/?doi=10.1016/j.neuropsychologia.2016.01.006&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.neuropsychologia.2016.01.006&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.neuropsychologia.2016.01.006&domain=pdf
mailto:r.rouw@uva.nl
http://dx.doi.org/10.1016/j.neuropsychologia.2016.01.006

36 R. Rouw, H.S. Scholte / Neuropsychologia 88 (2016) 35-48

We also aim to address another issue in synesthesia research,
which is sampling bias. In order to include as many synesthetes as
possible, researchers are often forced to recruit synesthetes based
on the subject’s knowledge and recognition of this condition. This
means that the tested subjects are most likely not a representative
sample. For example, synesthetes have been proposed to show
increased cognitive abilities (Brang and Ramachandran, 2011;
Rothen et al., 2012). Yet testing this hypothesis might be proble-
matic if a sampling bias in synesthesia studies favors subjects (e.g.
with increased cognitive or meta-cognitive abilities) who find it
easier to recognize their own condition. Furthermore, synesthetic
subjects with a connection to a university (e.g. students) are
contacted more easily by synesthesia researchers. Similarly, the
female bias obtained in synesthesia has been explained as in-
creased tendency in females, as compared with males, to self-re-
port (Simner et al., 2006; but see Rich, Bradshaw and Mattingley,
2005). This means that some of the found characteristics of sy-
nesthesia might be influenced by this gender bias. Studies that
recruit subjects on other characteristics and subsequently test
these subjects on synesthesia show different prevalence and sy-
nesthesia characteristics as compared with the studies where
subjects are recruited based on self-referral (Simner et al., 2006).
Simner and colleagues (2006) found in a student population
higher prevalence, and absence of the skewed male-to-female
ratio, if biases in self-report were avoided.

In this study, we address two questions. First, which types of
synesthesia are found and what is the prevalence of these sy-
nesthesia types in the normal population? We recruited a large
(semi-) representative sample of the Dutch population. Recruiting
of subjects was done without referring to (or knowledge of) sy-
nesthesia. These subjects were then presented with a set of
questions probing for the (possible) presence of synesthesia. As we
explain in the methods section, the five types of synesthesia ob-
tained in the Novich et al. (2011) study were taken as a starting
point, and we included additional questions to explore the possi-
ble presence of other types of synesthesia. The second question is
whether synesthetes differ from non-synesthetes in their general
personality or cognitive profiles. As far as we know this is the first
study where different types of synesthesia are searched in a large
group of representative subjects (diminishing self-reference or
sampling bias), and subsequently tested with a set of personality
questionnaires and cognitive tests. We tested three different do-
mains: cognitive ability (intelligence), personality characteristics
(‘big five’), and emotional/cognitive style.

1.1. Cognitive ability and Intelligence

Previous reports have shown increased IQ in the synesthete
subjects (Simner et al., 2009; Paulesu et al., 1995). Zamm et al.,
(2013) found increased connectivity in white matter tracts related
to color-music synesthesia, and proposed a possible link between
synesthesia and other populations characterized by enhanced local
white matter connectivity, such as individuals with absolute pitch,
high cognitive intelligence, high emotional intelligence, and high
creativity, but also patients with hallucinations and subjects with
autistic spectrum disorders (see also Ramachandran and Hubbard,
2001). The current project tests the hypothesis of generally in-
creased intelligence in synesthetes as compared with non-sy-
nesthetes (Experiment 1).

Synesthetes have also been found to differ from non-sy-
nesthetes in having superior memory ability (though normally not
as extraordinary as the famous case of Solomon Shereshevsky
from Luria in 1968, for a review see Rothen et al., 2012). Superior
memory for word lists has been found in grapheme-color sy-
nesthetes, where the graphemes in the words are assumed to elicit
colors that subsequently aid memory performance (Radvansky

et al., 2011; Mills et al., 2006; Smilek et al., 2002; Yaro and Ward
2007). Grapheme-color synesthetes have also been found to score
above average (but still within normal range) in the concurrent
domain (visual as compared to verbal memory). Such advantage in
visual memory performance has been found for grapheme-color
synesthetes, in different types of memory tasks and even ex-
tending to abstract (thus not inducing synesthesia) visual stimuli,
(Terhune et al., 2013; Pfeifer et al., 2014; Pritchard et al., 2013;
Rothen and Meier, 2010a; Ward et al,, 2013). However, superior
memory was not always obtained in grapheme-color synesthesia,
and case-study findings may be influenced by selection bias or the
particular strategic use of synesthesia as a mnemotechnique (see
Rothen and Meier, 2009). There are few studies on the memory
abilities of other types of synesthesia. Ward et al. (2013) showed
that the increased visual memory performance obtained in gra-
pheme-color synesthesia was not found in a non-visual sy-
nesthesia type, namely lexical gustatory synesthesia. Sequence-
space has a visuospatial component (the concurrent is a spatial
configuration). Accordingly, enhanced visual or visuospatial
memory has been obtained (Hale et al., 2014; Simner et al., 2009).
However, Rothen et al., (2013) found no memory advantage in
sequence-space synesthetes for memory of letters or symbols.

Similarly to these ‘memory’ findings, Meier and Rothen (2013)
examined ‘cognitive style’ and found both effects specifically for
certain combinations of stimuli types-to-synesthesia type, as well
as general effects. In particular, a large sample of synesthetes
containing four different types (grapheme-color, sound-color,
lexical-gustatory, and sequence-space) was examined with the
VVQ Verbalizer-Visualizer-Questionnaire (Richardson, 1977; Kirby,
Moore, and Schofield, (1988). The ‘verbalizer’ style preference (a
preference for verbal representations and an enhanced ability to
work with verbal materials) was found related to grapheme-color
synesthesia, but not to the other types of synesthesia. In contrast,
vivid imagery visualizer style (a preference to let the mind wander
and the ability to generate vivid mental images, particularly re-
lated to dream imagery) was marginally significant for sequence-
space synesthesia, and significantly related to all other types of
synesthesia.

Thus, some studies have shown generally increased cognitive
performance associated with synesthesia. However, other studies
obtained specific effects related to the specific inducer or con-
current of the examined synesthesia type. In the current study, we
test the hypothesis that synesthesia is related to increased in-
telligence. Furthermore, based on the premise that there is such a
thing as a general trait of synesthesia, rather than only a collection
of independent different types of synesthesia, we hypothesize that
general effects can be obtained. In particular, we expect to find a
general increase of intelligence, regardless of synesthesia type. In
addition to such a general factor, possible particular advantages
related to congruency between stimulus type and synesthesia type
(e.g. grapheme-color to verbal stimulus) are also explored.

1.2. Personality and the “Big Five”

Banissy et al., (2013) tested if the atypical experiences of sy-
nesthesia are associated with atypical personality profiles. Per-
sonality was assessed with the “Big Five Inventory” (BFI, John,
Donahue, and Kentle, 1991). Respondents indicated, on a five point
Likert scale, the extend to which statements related to the ‘big
Five’ personality traits (Extraversion, Agreeableness, Con-
scientiousness, Neuroticism, and Openness) best describe their
own characteristics. Two measures of empathy were also ad-
ministered, the Inter-Personal Reactivity Index, (IRI; Davis, 1980)
and the empathy quotient (EQ; Baron-Cohen and Wheelwright,
2004). A large group (N=81) of synesthetes who all had (mini-
mally) grapheme-color synesthesia was compared with age- and
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sex matched controls (N=112). The synesthetes were recruited
from a database of volunteers at the University of Sussex, while
the controls were recruited from the student population and via
acquaintances. Banissy and colleagues predicted increased scores
for synesthetes on “Openness to Experience”, based on findings of
increased artistic inclination in synesthetes (Rich et al., 2005;
Ward et al., 2008; Rothen and Meier, 2010b). As ‘Fantasizing’ (a sub
scale of the IRI empathy questionnaire) can be construed as con-
ceptually related to Openness to Experience, the authors also
predicted increased Fantasizing in synesthetes as compared with
non-synesthetes. Banissy et al. (2013) did indeed obtain differ-
ences in the personality characteristics of synesthetes and non-
synesthetes. As predicted, synesthetes showed increased “Open-
ness to Experience”. In addition, a non-expected decrease in
‘Agreeableness’ was obtained. Furthermore, synesthetes reported
higher levels of “Fantasizing”. No general increase in empathy was
found.

In the current study, we examine the ‘big five’ personality traits
in synesthetes as compared with non-synesthetes. In line with the
theoretical arguments put forward by Banissy and colleagues, we
predict increased “Openness” and increased “Fantasizing” in the
synesthetes. One important difference with the previous study is
that several different types of synesthesia are included. However
we expect that the same findings are obtained in this group of
synesthetes. Openness has been found to correlate with in-
telligence measurements (Ackerman and Heggestad, 1997; Ashton
et al,, 2000; DeYoung, 2011; Farsides and Woodfield, 2003), thus
the prediction of increased openness is not unrelated to the pre-
diction of increased intelligence. For the other four personality
traits (Extraversion, Agreeableness, Conscientiousness, Neuroti-
cism) we have not found clear theoretical connections with sy-
nesthesia, and therefore these characteristics will be examined in
an exploratory analysis. This analysis also explores if Banissy’s
unexpected finding of decreased “Agreeableness” is replicated. As
we will explain in the next section, the expected increased ‘Fan-
tasizing’ is measured with a different test (see “Emotional Style”).

1.3. Emotional Style

The current study also investigates the link between emotional
experiences and synesthesia. Previous studies have shown such
association directly (emotions are specific synesthetic inducers or
concurrents; Cytowic and Eagleman, 2009; Ramachandran and
Brang, 2008; Schweizer et al., 2013; Ward, 2004; for a review see
Dael et al., 2013). But the emotional association can also be present
in an indirect manner, where the synesthetic experience is related
to positive or negative emotions (e.g. because their concurrent is
congruent or incongruent with the sensory stimulus; Callejas
et al., 2007; Hochel et al., 2009; Perry and Henik, 2013). A neu-
rological basis for this relationship is proposed in theories on hy-
perconnectivity. Ramachandran and Hubbard (2001) suggested
that a mutation that causes hyperconnectivity in synesthesia
would also imply increased connectivity between fusiform gyrus
(and other sensory cortices) and the limbic system (especially the
amygdala and nucleus accumbens). This hyperconnectivity would
enhance the pleasurable or aversive associations through limbic
reinforcement of concordant or discordant inputs.

Neuroimaging studies have shown functional and structural
brain differences in synesthetes, as compared with non-sy-
nesthetes, in brain regions functionally related to emotion (e.g.,
retrosplenial cortex and insula; Nunn et al., 2002; Weiss Shah
et al., 2001; Niccolai et al., 2012; Sperling et al., 2006; Specht and
Laeng, 2011, Melero et al., 2013). These findings relate synesthesia
to differences in experiencing emotions (emotionality). This does
not necessarily imply increased cognitive ability to monitor, assess
or reflect on emotions in oneself or in another person (Vorst and

Bermond, 2001). In fact, Amin et al. (2011) found, in a small group
of linguistic-personality synesthetes, both increased and de-
creased scores on an Empathy Quotient (EQ) measurement, in
grapheme-personification synesthetes as compared with controls.
The current project will test the hypothesis of increased (experi-
encing of) emotionality in synesthetes as compared with non-sy-
nesthetes. Furthermore, the cognitive component of assessing of/
reflecting on emotions is also examined, but in an exploratory
fashion.

One of the scales in the test used to examine Emotional Style is
a ‘Fantasizing’ scale. This scale measures Fantasizing about virtual
matters: “the degree to which someone is inclined to fantasize,
imagine, day-dream, etc.”. An example of a (positive) item in this
scale is: “Before I fall asleep, I make up all kinds of events, en-
counters and conversations". The “Fantasy” factor in the IRI (Davis,
1980) that was found related to synesthesia by Banissy et al.
(2013), is not exactly the same, as the IRI describes this factor as:
“respondents' tendencies to transpose themselves imaginatively
into the feelings and actions of fictitious characters in books,
movies, and plays”. However, there is overlap between the con-
cepts measured in these questionnaires. In the IRI, the Fantasy
scale consists of six questions; one on the frequency of day-
dreaming and fantasizing, two about degree of involvement in a
book or movie, and three questions on identification with the
main characters in a book or movie. The fantasizing scale of the
BVAQ has eight questions; five on frequency of daydreaming and
fantasizing, two on interest in fairytales and bizarre stories, and
one question asks whether fantasizing is a waste of time. Thus,
there is overlap in the type of examined behaviors. Furthermore,
both questionnaires seem to ask about behaviors related to (vi-
sual) mental imagery ability.

Given these similarities, we predict increased “Fantasy” scores
on the BVAQ in synesthetes, as compared with non-synesthetes.
However, there are also differences between the two ques-
tionnaires. Thus, obtaining a relationship between ‘Fantasizing’
and synesthesia again in the current study, will support the notion
of a more general relationship between fantasizing/daydreaming
and synesthesia, rather than only a specific relationship with a
particular questionnaire.

Increased (visual) mental imagery has been found related to
the synesthesia trait (e.g., Barnett and Newell, 2008; Price, 2009).
This has been more consistently found in imagery tests relying on
self-report than in imagery test using objective measurements
(Spiller and Jansari, 2008). The increased (self-reported) visual
imagery experiences have been proposed to be a critical aspect of
visual synesthesia (Galton, 1880; Price, 2009). Simner (2013)
suggested that the trends toward high imagery might arise from a
recruitment bias, where increased mental imagery leads to in-
creased awareness of the condition and therefore increased like-
lihood to self-refer. In the current study, recruitment of subjects
was performed by a recruitment agency, to obtain a ‘semi-re-
presentative’ sample of the Dutch population. In our study, a re-
lationship between the factor “Fantasy” and the synesthetic trait is
predicted. Obtaining this relationship in the current project would
not easily be explained by self-report bias.

All predictions on personality and cognitive characteristics are
tested by contrasting a diverse group of synesthetes with a group
of non-synesthetes that were carefully controlled for a possible
(weak) presence of synesthesia. This comparison of synesthetes
versus these non-synesthetes is the basic comparison in this
project, informing us about personality and cognitive character-
istics related to having synesthesia (note that both are subgroups
of the larger subject group and thus were recruited in identical
manner). Second, we also examine if obtained effects are trait-
specific or type-specific. As far as we know, this is the first study
where prevalence of different types of synesthesia are explored in
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a large group of a semi- representative sample (diminishing self-
reference or sampling bias), and subsequently tested with per-
sonality questionnaires and cognitive tests.

2. Material and methods
2.1. Participants

The current study is part of the “ID1000” project, where 1000
subjects were tested and participated in MRI recordings. Subjects
participated in two separate sessions, the first session was com-
pleted via the Internet and the second session was performed at
the Spinoza Center for Neuroimaging, in the Amsterdam Brain &
Cognition research center. Tests include a large battery of ques-
tionnaires; personality, cognitive, and biographical information,
such as Handedness (Edinburgh handedness inventory, Oldfield,
1971) and education level. Education could be one of three levels:
Education level was categorized as ‘Low’ if the lower level of high
school (‘VMBOZ2’) is finished, or if less education was followed.
Education was ‘high’ when University or College (HBO or WO) was
finished or attended at the moment of testing. ‘Medium’ education
are all types of training in between. Generally speaking this can be
interpreted as applied training, skills training, or college training.
The session with questionnaires was followed by behavioral tests,
additional questionnaires, and functional and structural brain
measurements. An important aspect of this study is that subjects
were recruited by a recruitment agency (Motivaction BV) to be
representative (gender, education level) for the Dutch population
between 18 and 25 years at the moment of inclusion. Recruitment
was within this age range to restrict (neuro-anatomical) variance
due to age. Because of this age restriction we will refer to this
group as a ‘semi-representative’ sample. The recruitment proce-
dure allows to reduce sampling bias, that might otherwise influ-
ence obtained characteristics such as intelligence and personality.
Moreover, the manner of recruitment is unrelated to interest in (or
knowledge about) synesthesia. For practical reasons, not all tests
in the ID1000 project were presented to all subjects. The sy-
nesthesia questionnaire was presented at a later stage in the
project (after more than half of the subjects were already tested).
This choice had no relationship to the topic of the questionnaire.
368 Subjects (47.8% females; age range 20 to 26 years) received an
extensive questionnaire on synesthesia at the end of the testing
day, in addition to successfully completing the other cognitive and
neuroimaging experiments of the ID1000 project. This subgroup
was not (self-) selected, the inclusion/exclusion criteria were the
same for all subjects in the ID1000 project, and all subjects in the
batch received this synesthesia test (thus there is no particular
recruitment/selection bias for this subgroup). Part of the large set
of tests was linked with the information obtained in the sy-
nesthesia tests, subjects gave separate permission for this. All
subjects gave their written informed consent to participate in the
study, which was approved by the local ethics committee of the
University of Amsterdam. Subjects received financial compensa-
tion for their participation.

2.2. Determining Synesthesia

A ‘golden standard’ in diagnosing grapheme-color synesthesia
is a consistency test, such as used in the Synaesthesia Battery
(Eagleman et al., 2007). While the standard procedure for calcu-
lating consistency is the ‘distance’ between (concurrent) answers
in repeated tests of the same (inducing) item, such procedure was
not feasible in the current project for both theoretical and practical
reasons. First, our study was set up to test a broad range of dif-
ferent types of synesthesia. Most of these synesthesia types are not

present in these consistency procedures. Furthermore, while dis-
tances between provided colors (RGB values) can easily be calcu-
lated and compared between subjects, no such procedure exists
for the distances between most non-visual sensations (e.g., taste),
or concepts (e.g., personalities). Consequently, while it is possible
to create a single cut-off score for color-distance, and use this for
all synesthesia types with color as concurrent, this cannot be
translated into a similar and equally strict distance for other all
concurrents. Third, we wish to compare (prevalence of) different
forms of synesthesia, which makes it critical to maintain the same
diagnostic procedure for all synesthesia types. One practical aspect
of the testing procedure is that it needed to fit within the testing
day of the larger (ID1000) project. Therefore, we designed one
single procedure, used for all synesthesia types, to in- or exclude
subjects as synesthetes.

Novich et al (2011) used online testing to reach an ex-
ceptionally large group of subjects. They analyzed the forms of
synesthesia reported by 19,133 participants in the Synaesthesia
Battery (Eagleman et al., 2007). Analyses showed patterns of co-
occurrence between certain types of synesthesia, revealing five
distinct categories of synesthesia types. The large number of
subjects, and their careful procedures in creating categories, makes
this an excellent starting point for the current study. We also in-
cluded additional questions to search broadly for other types of
synesthesia (either encountered in our own lab or reported in
literature).

Each of the five Novich et al. (2011) synesthesia types were
included in our test. Subjects indicated if linguistic elements (let-
ters or numbers), and if time elements (days, months, years),
evoke color sensations. These two questions were then combined
to form the category “Colored Sequences” from Novich and col-
leagues (which includes the well-known “Grapheme-Color” sy-
nesthesia type). A question on experiencing colors to music, mu-
sical instruments, or tones tested the “Colored Music” category.
The category “Colored Sensations” also entails synesthetic colors,
but there are several possible inducers. In this category many
different (smaller) types are clustered together. Accordingly, 3 dif-
ferent questions were asked that all pertain to this category: i)
Person, personality or emotion have a color, ii) Temperature, touch
on the skin, pain or orgasm have a color, iii) Taste in the mouth or
scent has a color. The question for the category “Spatial Se-
quences” asked about synesthetic shapes (a certain location in
space, a 3D shape, or on a line) in response to time/sequences
(year, months, numbers or letters). For the category “Non-Visual
Sequelae”, concurrents are non-visual. This category consisted of
2 different questions, one on synesthetic experiences to sound
(sounds have a certain smell or taste, or certain sounds give a
touch/sensation on the skin) and one on synesthetic experiences
to sights (certain things I see have a certain smell/taste, or certain
things I see give me a sensation as if I touch something).

In addition, we asked about synesthesia types that we either
encountered in our own lab or that have been reported in sy-
nesthesia literature. One additional question asked about person-
ality as synesthetic concurrent (Simner and Holenstein, 2007;
Smilek et al., 2007; Amin, Olu-Lafe, Claessen, Sobczak-Edmans,
Ward, Williams, & Sagiv, 2011); do letters, numbers, days, months
or other concepts have a personality? Simner et al., (2011) labeled
this type ‘sequence-personality synesthesia’. Another question was
if sensations, concepts, or words evoke a physical act or gesture, as
we have heard reports of words evoking gestures. One question
probed lexical-gustatory synesthesia (Ward, and Simner, 2003;
Simner and Ward, 2006; Colizoli et al., 2013), where linguistic
elements (words) give a particular taste in the mouth. The final
question was a very broad and open question, to probe any type of
(possible) synesthesia not yet mentioned (or even not yet dis-
covered). A list of many possible experiences was given as
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examples, to help interpret this question. The test ended with the
‘hearing-motion’ movie of moving dots (Saenz and Koch, 2008),
with the question: Do you hear anything while watching this?
Subjects indicated their answer on a 5 -point-scale, ranging from
1) hearing nothing at all to 5) hearing it very clearly. If subjects
indicate they do -or might- hear something (answer 3-5), a de-
scription of the sound is asked. These subjects are also asked to
provide examples of other hearing-motion experiences they might
have had.

2.2.1. Classified as synesthetes

As explained above, a single procedure was devised so that
each type in this project could be tested with identical criteria.
Therefore, the following procedure was devised. First, for each
type of synesthesia, a short description was followed by the
question “does this apply to you?” (“is dit op u van toepassing?”).
Subjects answered on a 5-point Likert Scale, ranging from 1 (does
not apply to me at all) to 5 (completely applies to me). Further-
more, if the answer was 3 or higher, subjects were asked to pro-
vide five examples of experiences they have had of this particular
synesthesia type. Next, the provided examples were classified into
one of 5 categories: The first is ‘incomplete answer’ which means
there was really not enough information to grade the example as
good or bad (e.g. ‘red’ rather than ‘my A is red’). The second is ‘too
few examples’ (less then 5). If five full examples were given, they
could be ‘bad examples’, ‘good examples’, or ‘very good examples’.
The strength of the examples were rated based on a set of strict
criteria.

The first criterion is specificity of the described concurrent (e.g.,
subjects who indicate to see color with time elements, but gave as
example ‘everything!’, ‘seasons’ or ‘strictly chronological’ were not
included in the spatial-sequence synesthesia type). We also ex-
cluded subjects if the sensations could not be properly named
(e.g., ‘big closet’ or ‘depictions’ for number form, or naming five
musical instruments, each followed by ‘non-specific colors’). Also
excluded were examples that might be common associations or
memories rather than synesthesia (e.g., ‘if someone makes the
sound of a cow, I imagine I am in the countryside’. Or ‘money-
=concern’/ ‘crowd of people=safety’). Similarly, we excluded
common sensations that are not currently regarded synesthesia
(e.g., ‘screeching sound of a blackboard gives me a tingling sen-
sation on my skin, particularly my back’). The next exclusion cri-
terion was concurrents that are analogous to the inducer (e.g., if all
five letters have a color that starts with that letter; w=white,
r=red). Such analogous examples were also rejected if they were
cross-modality (e.g., ‘seeing a jug of peanut butter makes me taste
peanut butter’, ‘sound of pouring coffee makes me smell coffee’).

The classification of individual reports was based on this set of
pre-defined rules, and performed by a rater. The classification
rules were created based on the definition of synesthesia as de-
scribed in synesthesia literature (see Colizoli et al., 2014). The rater
was chosen because from those involved in the study, only this
person had knowledge and experience (in terms of meeting and
talking with synesthetes, and designing tests of synesthesia) that
would aid in applying the rules. The rules were created at the start
of the project. While we feel that within the current possibilities
this was the strongest procedure for this study, we acknowledge
that current choices on in- or exclusion are necessarily somewhat
arbitrary in nature. For example, stricter criteria will always lead to
less synesthetes included in the study. This has already been
shown with varying consistency thresholds (see also “Discussion”).
Furthermore, the critical (defining) characteristics of synesthesia
are still much debated (e.g., Simner et al., 2012, Cohen Kadosh and
Terhune, 2012; Eagleman, 2012). Please note that the classifica-
tions were made before merging the subject information with all
other results, so that categorization in subject categories was made

without knowledge on how this would influence all other results
and analyses.

Each type of synesthesia was assessed per subject, in-
dependently of all the other types, and the strength of examples in
one question did not affect the assessment of the examples pre-
sented in another question. Therefore, assessment of one type of
synesthesia did not affect assessment of another type.

2.2.2. Not Categorized

All subjects that were not included as ‘synesthetes’, but also
excluded from the non-synesthete group (see below), ended in a
third category, ‘non-categorized’. Subjects providing bad examples
were not categorized as ‘non-synesthete’ but were in the ‘not-
categorized’ group.

2.2.3. (lassified as Non-Synesthetes

The ‘non-synesthete’ group was defined based on more ques-
tions than the ‘synesthete’ group, in order to have a stringent
procedure in excluding all possible (weak) forms of synesthesia.
Subjects in the ‘non-synesthete’ group indicated on all questions
that they did not recognize that type of synesthesia (including
movement-sound). Furthermore, earlier in the testing session of
the project, two questions were included that were simple ‘yes-no’
questions, probing grapheme-color synesthesia and number-form
synesthesia. These questions were used as additional check, ex-
cluding anyone who (might) recognize these sensations. Another
additional question at the beginning of the testing session asked
very broadly about any other type of situation where a sensation
evokes another sensation, and asked the subjects to describe such
situation if they might recognize it. If subjects indicated to have
sensations that might possibly refer to synesthesia, or synesthesia-
like experiences, they were also excluded from the ‘non-sy-
nesthete’ group.

2.3. Intelligence Test

To measure intelligence we used the Dutch adaption (Am-
thauer, Brocke, Liepmann, Beauducel & Vorst, 2014, Hogrefe, Am-
sterdam, http://www.hogrefe.nl/tests-vragenlijsten/producten-sin
gle/ist-intelligentie-structuur-test.html) of the Intelligence Struc-
ture Test ‘IST-2000R’, Amthauer, Brocke, Liepmann & Beauducel,
1999), an intelligence test battery based on the structural model of
intelligence. The IST uses a 3 x 3 design, as three cognitive do-
mains (Reasoning, Knowledge, and Memory) are each tested with
three types of items (Verbal, Numerical and Figural). Originally, the
IST 2000-R and the Dutch adaption measured the knowledge and
reasoning domains with three subtests, and the memory domain
with one subtest. In the ID1000 project we have used items sup-
plied by the IST publishers, to expand measuring the memory
domain with two additional subtests (extending the original IST
with 55 items). These items will be added to the next published
version of the Dutch IST. All items presented in the IST are in black-
and-white.

‘Reasoning’ (180 items) includes sentence completion, verbal
analogies and similarities (verbal material); numerical calcula-
tions, number series and numerical signs (numerical material);
embedded figure task, cube rotation and matrix completion (fig-
ural material). Each of these nine tests consisted of 20 items. The
‘Knowledge’ domain (84 items) comprises knowledge on art-lit-
erature, geography-history, mathematics, science, and daily life.
The items refer to, for instance, names (verbal), years in which
events occurred (numerical) and the layout of famous buildings
(figural). Each of these nine test consisted of 9 to 10 items. In the
current project, additional hypotheses were tested in the ‘Memory’
domain. Namely, do the specific synesthetic inducer-concurrent
relations enhance memory specifically for that type of material?
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We will therefore explain this material in more detail. The mem-
ory domain consisted of 88 items. The sub scale for verbal memory
consisted of three different tests. In the first test, subjects needed
to learn a list of words (for instance ‘golf’), followed by answering
questions about these words (e.g. ‘the word that started with a ‘g’
was a: a) sport b) nutrition c) city d) occupation e) building). Also
included was a verbal short term memory test (lists of words that
needed to be repeated of increasing length), and a test to measure
verbal episodic memory by first reading a story and then having to
answer questions about a story the subjects were presented with.
The sub scale for numeric memory consisted of three different
tests. In the first test a list of numbers was presented, followed by
questions about this list (e.g., ‘how many numbers were lower
than 10). In the second test subjects were presented with lists of
numbers of increasing length that needed to be repeated. In the
third test subjects were presented with a story in which numbers
played a central role. The sub scale for figural memory consisted of
three different tests. In the first test subjects were presented with
pairings of non-sense figures, after which subjects indicated which
figure was paired with which other figure. These figures were ar-
tificial shapes without any particular association or meaning (thus
unlikely to evoke synesthesia). In the second sub test subjects
were presented with sequences of the above shapes shortly. Next
they had to identify which row, of four alternatives, contained the
correct figure sequence. In the third test subjects were presented a
‘painting’ that consisted of many smaller items. After this pre-
sentation disappeared subjects had to indicate, from a number of
foils, which items had been present.

The IST provides sub scores (for cognitive domains and types of
items) as well as a “Total Intelligence” score. In total there were
352 items and the test can last up to 3 hours.

2.4. Personality Test

The NEO-PI-R (Costa and McCrae, 1985), and its shorter version,
the NEO-FFI, are psychological personality inventories set up to
measure the ‘big five’ personality traits: Extraversion, Agreeable-
ness, Conscientiousness, Neuroticism, and Openness to experience.
The five domains are described (NEO-Personality Inventory - Re-
vised; Costa and McCrae, 1992) as follows.

e Neuroticism: identifies individuals who are prone to psycholo-
gical distress

e Extraversion: quantity and intensity of energy directed outwards
into the social world

e Openness to Experience: the active seeking and appreciation of
experiences for their own sake

e Agreeableness: the kinds of interactions an individual prefers
from compassion to tough mindedness

e Conscientiousness: degree of organization, persistence, control
and motivation in goal directed behavior

The five factor model has a long history of discussions and
scrutinization. Research persistently shows that the five factors
account well for individual differences (e.g., Tupes and Christal,
1961; Borgatta, 1964; Norman, 1963), although some researchers
have reservations about the specifications being too imprecise or
too limited to encompass the domain of personality (e.g., Hogan,
1986; Briggs, 1989). Still, the ‘big five’ is currently the most ex-
tensively used model for personality, and it has repeatedly shown
it usefulness across age, culture, different measurement instru-
ments, and over time (within the same individual) (e.g., McCrae
and Costa, 1987; Noller et al., 1987). It also has shown its applic-
ability (e.g. in job performance, Barrick and Mount, 1991). In this
project we used the short form of the NEO-PI-R, the NEO Five-
Factor Inventory (NEO-FFI; Costa and McCrae, 1992). The NEO-FFI

has found support for its reliability, validity and usefulness in a
variety of contexts and cultures (e.g., McCrae & Costa, 2004; Ro-
bins, et al. 2001; Zillig, Hemenover, and Dienstbier, 2002), al-
though concerns about its reliability have also been expressed
(Caruso, 2000; Hull, et al. 2010).

The NEO-FFI contains 60 items (12 items for each trait). Each
item consists of a statement, rated on a 5-point Likert scale ran-
ging from ‘strongly disagree’ to ‘strongly agree’. In this project, we
presented the 2007 version (Hoekstra et al., 2007). The test took
about 15 minutes to administer.

2.5. Emotional Style

The Bermond-Vorst Alexithymia Questionnaire (BVAQ, Vorst,
and Bermond, 2001) was included to measure personality con-
structs related to emotional experiences as well as ability in
identifying and describing emotions. Alexithymia (Sifneos, 1972) is
most prominently known as an inability to identify and describe
emotions in the self, but is in fact a multi-facet-construct com-
posed of five distinct (yet logically related) salient features (Miiller
et al, 2004). The Bermond-Vorst Alexithymia Questionnaire
(BVAQ, Vorst and Bermond, 2001) is designed to measure these
five dimensions of alexithymia. Each dimension is measured by
eight items with four positively and four negatively formulated
items in reference to the underlying trait. The 40-item self-report
comprises two parallel versions of 20 items each. The subject rates
each item on a five-point Likert scale, ranging from 1 (strongly
agree) to 5 (strongly disagree), with half of the items positively
keyed and half negatively keyed. To make the results easier to
interpret we reversed end results such that high scores indicate
ability (rather than disability) in that particular trait. The Ber-
mond-Vorst Alexithymia Questionnaire (BVAQ) measures the fol-
lowing five traits (from Vorst and Bermond, 2001).

* Emotionalizing (Emotionalizing): the degree to which some-
one is emotionally aroused by emotion inducing events. An ex-
ample of a (negative) item in this scale is: “"When something to-
tally unexpected happens, I remain calm and unmoved".

* Fantasizing about virtual matters (Fantasizing): the degree to
which someone is inclined to fantasize, imagine, day-dream, etc.
An example of a (positive) item in this scale is: “Before I fall asleep,
I make up all kinds of events, encounters and conversations".

* Identifying the nature of one's own emotions (Identifying): the
degree to which one is able to define one's arousal states. An ex-
ample of a (positive) item is: “When I am distressed, 1 know
whether | am afraid or sad or angry".

* Analyzing one's own emotional states (Analyzing): the degree
to which one seeks out explanations of one's own emotional re-
actions. An example of a (negative) item is: ~'T hardly ever go into
my emotions". The scale consists, in the version currently used,
out of two scales. One is related to one’s own emotions and the
other related to the emotions of others.

* Verbalizing one's own emotional states (Verbalizing): the
degree to which one is able or inclined to describe or commu-
nicate about one's emotional reactions. An example of a (negative)
item is: I find it difficult to verbally express my feelings".

Based on the previous findings in synesthesia literature,
showing synesthesia to arise from or evoking emotions, as well as
relate synesthesia to openness to experience/mind-wandering/vi-
sual mental imagery/ fantasizing, two hypotheses were for-
mulated. We expect increased scores in synesthetes, as compared
with non-synesthetes, in Emotionalizing. We also predict in-
creased scores in synesthetes, as compared with non-synesthetes,
in Fantasizing. There are no expectations on a relationship be-
tween synesthesia and the cognitive ability to Identify, Analyze or
Verbalize emotions, and these relationships were examined in an
exploratory analysis.
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Literature shows that ‘Alexithymia’ is perhaps better not ap-
proached as one distinct homogenous phenomenon. In particular,
it has been suggested (Bermond, 1997) that Type I alexithymia is
characterized by absence of emotional experience, while Type II
Alexithymia is characterized by a cognitive (emotional cognition)
deficit with sparing of the emotional experience. Furthermore,
these different types may be related to different neural mechan-
isms. A review by Larsen et al., (2003) showed that specifically the
cognitive aspects of alexithymia have been found associated with
deficits in interhemispheric transfer. In contrast, an absence of the
emotional experience, with consequently also no cognitions ac-
companying the emotion, have been found associated with right
unilateral cortical (specifically, orbitofrontal cortex and anterior
cingulate cortex) lesions. Thus, it is relevant to formulate specific
hypotheses for the emotional and cognitive components of this
questionnaire. In the current study, an effect in emotional ex-
periences but not necessarily in emotional cognition or emotional
reflective processes is expected. Therefore, an analysis is added to
test the proposed relationship of synesthesia with the (second-
order) Type I component (Emotionalizing and Fantasizing). In
contrast, no particular relationship between synesthesia is ex-
pected with the second-order Type II component (Identifying,
Analyzing and Verbalizing).

2.6. One Trait of (Weaker vs Stronger) Synesthesia? Intercorrelations
between test scores

In this section we examine if we can find evidence for 1 trait,
general synesthesia, as opposed to specific effects related to spe-
cific types of synesthesia. This is done by exploring the relation-
ships between the obtained scores in the different sections (on
prevalence, intelligence, personality and emotionality).

2.7. Statistical Analyses

All statistical tests were checked on (violated) assumptions,
and appropriate measures were taken if necessary. For example,
for all analyses, the variables were either normally distributed, the
used tests were robust to violation of the normality assumption, or
an alternative (e.g. non-parametric) test was used. For brevity, the
procedures are not reported for each test individually, but are
listed below.

The t-tests used to compare two subject groups (synesthetes
versus non-synesthetes; or grapheme-color synesthetes versus
non-synesthetes), were always independent-samples t-tests. If
Levene’s test for equality of variance shows unequal variances in
the groups, an adapted t-test is always reported (as can be viewed
by the adapted degrees of freedom, thus diverging from df = 194
for synesthetes versus non-synesthetes). T-tests and One-way
ANOVAs are considered robust for violation of the normality as-
sumption. Still, in case of violation of the assumption of normal
distribution of the dependent variable (as tested with Shapiro-
Wilk), we always re-ran the analysis with a Mann-Whitney U test
(instead of t-test) or with a Kruskal-Wallis test (instead of the one-
way ANOVA). There are no cases where this led to a different
(significance) conclusion. In one case, the non-parametric results
showed a significant effect instead of a trend, in this one case the
non-parametric results are reported in the manuscript (see “In-
telligence Domain”).

Repeated measures GLM (ANOVA) were used to inspect inter-
actions, such as the interaction between subject group (sy-
nesthetes versus non-synesthetes) and stimulus type in the in-
telligence test (verbal, figural, numerical). If violations of sphericity
were obtained (as indicted by Mauchly’s test of sphericity), but the
conclusion was an absence of an effect, no further steps were ta-
ken (as this violation makes the test too liberal, corrections would

not alter the conclusion). More specifically, both the 3*2 interac-
tion between stimulus material and subject group, and the 3*2
interaction between intelligence domain and subject group, on
intelligence scores was not significant, thus are reported despite
violation of sphericity.

For all correlation analyses, non-parametric (Spearman) corre-
lations were used (variables in these analyses violated the nor-
mality assumption). All statistical analyses were performed with
IBM SPSS Statistics for Macintosh, Version 20.0.

3. Results
3.1. Prevalence of different Types of Synesthesia

In total 368 subjects were tested with the synesthesia ques-
tionnaires. Of these, 89 subjects (47 females) were categorized as
having one or several types of synesthesia, 107 subjects (53 fe-
males) fell in the ‘non-synesthete’ category, leaving 172 subjects
uncategorized. These results show a prevalence of 24.18%, which is
a sharp increase as compared to the prevalence commonly cited in
synesthesia literature.

Education level could be one of three levels: Education level
was categorized as ‘Low’ if the lower level of high school (VMBO2)
is finished, or if less eduction was followed. Education was ‘high’
with University or College (HBO or WO) finished or currently at-
tending. ‘Medium’ education are all types of training in between.
Generally speaking this can be interpreted as applied training,
skills training, or college training. As expected, no differences were
obtained when comparing the synesthetes and non-synesthetes
on general characteristics and demographics (see Table 1) such as
education level (£(194) = 157, p = .12, d = 0.23) handedness as
examined with the Edinburgh handedness inventory (Oldfield,
1971) (¢(172) = 112, p = .26, d = 0.17), or even length in cen-
timeters (all subjects M = 177 cm, SD = 10; synesthetes M =
176 cm SD = 9; non-synesthetes M = 177 cm SD = 9). Although
the groups were similar in age (all subjects M = 22.7 yrs., SD =
1.7; synesthetes M = 22.3 yrs., SD = 1.7; non-synesthetes M =
22.8 SD = 1.8), and all subjects were in the age range from 20 to 26
years, the non-synesthetes groups had more individuals, with
mainly more individuals in the non-synesthete group with age 24
and 25 years. Therefore the non-synesthete group had slightly
increased age as compared with the non-synesthetes (t(194) =
2.10, p = .04, d = 0.30). Finally, we found that the male-to-female
ratio was similar in the synesthete and non-synesthete group (t <
1), thus not showing a relationship between sex and presence or
absence of synesthesia.

The number of synesthetes per synesthesia type is presented in
Table 2. Not included in this table are concept-gesture synesthesia
and linguistic-taste synesthesia, as these were not found in the
current subject group. The category ‘movement-sound’ was also
removed from analysis. While many subjects indicated hearing

Table 1
General demographic characteristics of synesthetes, non-synesthetes, and the
overall group.

Synesthete Non-Synesthete All subjects
N 89 107 368
Education High 483 % 37.4% 41.3%
Medium 40.4% 46.7% 46.2%
Low 11.2% 15.9% 12.5%
Sex Male 47.2% 50.5% 52.2%
Female 52.8% 49.5% 47.8%
Handedness Left 15.7% 10.3% 10.8%
Right 84.3% 89.7% 89.1%
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Table 2

The number of (all) synesthetes with a particular type of synesthesia, followed by the number of synesthetes with only this particular type of synesthesia, out of 368
examined subjects. The last 4 columns are the mean scores (and standard deviations) for the four tests/subtests that showed differences for synesthetes and non-sy-
nesthetes, presented per type of synesthesia (showing the mean scores of synesthetes with only one type of synesthesia).

Type Total no. synesthetes (N=89) No. with only 1 type Intelligence (N=62) Openness (N=62) Emotionality (N=62) Fantasizing (N=62)
(N=62)

Colored Sequences 32 16 194 (49) 42 (5.8) 26 (3.5) 28 (5)

Colored Music 14 6 215 (55) 43 (6.3) 23 (4.6) 28 (2.9)

Colored Sensations 49 29 207 (37) 43 (6.5) 27 (3.9) 29 (6.3)

Spatial Sequences 16 6 216 (39) 39 (8.9) 26 (4.2) 25(9.2)

Non-Visual Sequelae 2 0

Sequence Personality 14 5 212 (38) 40 (5.5) 27 (2.3) 27 (5.5)

Non-Synesthetes 194 (43) 38 (6) 25 (5) 24(7)

something while watching the movie, and almost all could give a
description of what they heard (81 subjects), it was very difficult
to assess those descriptions. Based on the standard criteria this
proved difficult (e.g. is ‘boom-boom’ a specific enough description
of the sound, and is ‘the sound of breathing in and out’ an ana-
logue description or not?). Moreover, when asked for other ex-
amples, almost all of these subjects found it hard to think of such
instances, often indicating that they had never thought about this
before, and found it hard to remember if they have had similar
instances. Unfortunately, it is unclear if this is a difficulty in re-
calling other examples, or if there were no instances of similar
synesthetic experiences. Thus, neither assessment of descriptions
(either during movie, or recalling other instances) worked prop-
erly. As the procedure could not be used to in- or exclude subjects
as movement-sound synesthetes, this synesthesia type was re-
moved from further analyses. Note that subjects reporting any
additional experience in response to the movie were not included
in the ‘non-synesthete’ control group.

Fig. 1 shows the prevalence (percentage of the total subject
group) for each type of synesthesia. As some synesthetes have
more than one type of synesthesia, the light bars indicate the
percentage with only that particular type of synesthesia. The lar-
gest group of synesthetes are the ‘colored sensations’ type. While
this might seem somewhat unexpected, but can at least partly be
explained by the fact that this category represents the answers on
three questions, each probing for different experiences (ranging
from person, to touch, to a taste) that might evoke particular
colors. As expected, color-sequence (including grapheme-color but
also time element-color) synesthesia also is a common type of
synesthesia, followed by spatial sequences and colored music.
Personality with sequences is quite common as well (as previously
reported, Simner et al., 2011; Amin et al., 2011), with 14 subjects
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Fig. 1. Synesthesia prevalence (in percentage of total subject group), per sy-
nesthesia type. Colors indicate total prevalence (dark bar) and subjects with only
this type of synesthesia (light bars).

giving specific and idiosyncratic descriptions of the personalities.
In accordance with the setup in our project of creating types of
synesthesia based on experiences that tend to cluster together
(Novich et al., 2011), the majority of synesthetes fell in only one
type (N = 62). A minority of synesthetes were categorized in two
(N = 18), three (N = 7), or four (N = 2) types of synesthesia.

3.2. Increased Intelligence in Synesthetes

The synesthetes had higher (M = 207.39, SD = 40.55) ‘total
intelligence’ score as compared to the non-synesthetes (M =
194.19, SD = 42.53). This difference is significant (t(1,194) = 2.21,
p = 0.028, d = 0.32). Note that this is a difference in mean score,
in general the synesthetes have increased intelligence as com-
pared with carefully selected non-synesthetes. The non-sy-
nesthetes had followed the exact same recruitment and screening
procedure as the synesthetes, thus no (self-report) selection biases
can explain this finding. The increased score is a significant but
small effect rather than synesthetes scoring outside of normal
range. The increase does not imply that all synesthetes score
higher than all non-synesthetes; synesthetes’ scores range from 90
to 290, and the scores from non-synesthetes range from 78 to 270.
Interestingly, the ‘non-categorized’ subjects behaved as ‘in be-
tween’ group in terms of intelligence (N =172, M = 198.17, SD=
40.36, range 87-270).

3.2.1. Synesthesia Type

Is the overall effect of increased intelligence in fact driven by a
particular type of synesthesia? Or is the tendency for increased
intelligence related to the general ‘trait’ of synesthesia? In this
analysis, the different types of synesthesia were compared and
contrasted. The relatively large subset of synesthetes with only
one type of synesthesia was used to examine if intelligence dif-
fered between synesthesia types (note that sound-taste category
had 2 subjects, both with a second type of synesthesia, which
means that there are only 5 categories in this analysis). An one-
way ANOVA showed that synesthesia types did not differ from
each other on the total intelligence score (F(4,57) < 1). A clear
comparison between all the synesthesia subtypes, or strong con-
clusions about specific subtypes, can not be made because some of
the subtypes contain only a few subjects. The results do however
show that the increased intelligence is not driven by one particular
subtype but an overall effect. As can be seen in Table 2, for each
synesthesia type the mean intelligence score is similar or higher as
compared with the mean intelligence in the non-synesthete
group.

Interestingly, the Colored-Sequence type synesthesia was the
only subtype where the mean score did in fact not differ from that
of non-synesthetes. To test what we would have obtained if this
was a traditional ‘grapheme-color’ synesthesia study, we ex-
amined a subset of all synesthetes that specifically report colors
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concurrents with numbers or letters as inducers. These were 17
subjects, of which six had only grapheme-color synesthesia, and
eleven had grapheme-color synesthesia as well as another sub-
types of synesthesia. These synesthetes, which would have been
included in the traditional ‘grapheme-color’ synesthesia studies,
did show a significant advantage as compared with the group of
non-synesthetes (£(1,122)= 2.10, p = .038, d = 0.38).

Overall, these results show that the increased intelligence score
is not specifically dependent on, or driven by, a particular sy-
nesthesia type.

3.2.2. Intelligence Domain

Which processes underlie the increased scores on intelligence
in synesthesia? In this section, we examine if the obtained in-
creased intelligence scores in synesthetes is a broad and general
effect, or if the increased total intelligence score is based in do-
main or stimulus-type specific effects. First, we test if synesthetes
have a specific advantage with a particular stimulus type or in a
particular domain of the intelligence test. Next, we examine if
increased scores seem related to the use of synesthesia during the
test: specific advantages when the stimulus material matches the
person’s synesthetic inducer or concurrent.

We first explored if there were differences between sy-
nesthetes and non-synesthetes depending on the particular sti-
mulus materials used (the intelligence test was performed with
verbal, numerical or figural items). A repeated measures GLM re-
vealed that the overall interaction between stimulus material
(verbal, numerical or figural) and subject group (synesthete versus
non-synesthete) was not significant (F(2,193) = 14, p = .25, r]§ =
.01). Thus increased intelligence in synesthetes was a general ef-
fect, rather than depend on a particular type of stimulus material.

We next found that the increased total intelligence score was
overall, rather than driven by one particular domain. Synesthetes
scored higher than non-synesthetes in each domain (Mean and SD
in synesthetes versus non-synesthetes in Reasoning was 110(26)
versus 102(26); in Knowledge 41(11) versus 38(10); and in Mem-
ory 56(9) versus 54(11)). A repeated measures GLM revealed that
the interaction between domain type (Reasoning, Knowledge,
Memory) and subject group (synesthetes versus non-synesthetes)
was not significant (F(2, 193) = 2.18, p = .12, 1737 = 0.02).

In exploratory analyses we examined the difference between
synesthetes and non-synesthetes for each domain separately. The
effect was still significant for general reasoning (t(1, 194)= 2.19 p
=.03, d = 0.31), and a trend was obtained for knowledge t
(1,194)=1.95 p = .05, d = 0.28), but it did not reach significance
for memory (£(1,192) =1.40, p = .16, d = 0.20). The Kolmogorov-
Smirnov test showed that the normality assumption was violated
for reasoning D(196) = 0.076, p = .007) and memory D(196) =
0.087, p = .001). In this particular case, as some results obtained
were on the edge of significance, we also report the non-para-
metric (Mann-Whitney) test. It showed increased general rea-
soning score in synesthetes (median = 112) as compared with
non-synesthetes (median = 106) U = 552.0, p = 0.009, r = 0.23;
increased knowledge score in synesthetes (median = 41) as
compared with non-synesthetes (median = 38) U = 538.0, p =
0.007, r = 0.24; but no significant difference for memory score in
synesthetes (median = 55) as compared with non-synesthetes
(median = 55), U = 807.0, p = 0.46, r = 0.07. Thus, in both tests,
even without multiple comparison correction, no differences be-
tween synesthetes and non-synesthetes were obtained in the
‘memory’ domain.

While the effects are small, these results indicate that the
overall effect of increased intelligence scores is not driven by in-
creased memory scores. If anything, the general (abstract) rea-
soning domain showed the clearest advantage for synesthetes.
Together, these findings indicate that increased intelligence is

obtained in synesthetes as compared with non-synesthetes, and
that this advantage is not bound to particular advantages related
to domain-specific effects.

Memory subtest. Past research has shown both general memory
advantages and specific cognitive advantages related to sy-
nesthesia type. In the current project, a general intelligence test
with a memory component was presented, rather than a memory
test specifically tailored to measure the effects of synesthesia. So
far, it seems a general increase in intelligence score was obtained,
rather than memory domain- and synesthesia type specific ad-
vantages. In our test, a general memory advantage was not ob-
tained in synesthetes versus non-synesthetes. We next test whe-
ther specific memory advantages (specific memory advantage
corresponding to the particular type of synesthesia) were present.
We thus tested specific relationships between item-material and
synesthesia-type in the memory tests. Our first test examined if
memory on figural material was better in synesthetes with color
concurrents (Ward et al.,, 2013). All synesthetes with colored
concurrents in their (only) synesthesia type were combined in one
group (thus synesthetes with only colored-sequence, only colored-
music, or only colored-sensations, N = 51). This synesthetes were
compared, in an independent-samples t-test, to the non-sy-
nesthete group (N=107). Yet, this ‘color-concurrent’ synesthete
group did still not show improved figural memory performance as
compared with the non-synesthetes t(1,132) = 0.9, p = .37, d =
0.16). Similarly, we combined in one group all synesthesia types
with numbers and/or letters as inducers (N = 27, colored-se-
quence, spatial-sequence, and sequence-personality), which might
enhance numerical and/or verbal memory (Radvansky et al., 2011).
Again, no effect of synesthesia as compared with the non-sy-
nesthetes was obtained in either numerical or verbal memory (t
(1,132) < 1). These results suggests that the increased intelligence
score is not driven by particular memory advantages related to
particular synesthesia types.

3.3. Personality Characteristics of Synesthetes

The NEO-FFI showed differential patterns for synesthetes and
non-synesthetes. Conform the hypothesis, there was a clear effect
of increased ‘Openness’ in synesthetes, as compared with non-
synesthetes (£(1,194)= 5.55, p < .001, d = 0.80). In addition, we
explored the other four characteristics, with Bonferroni correction
for FWER at a threshold of p = 0.0125. This showed increased
Neuroticism (£(1,194)= 3.51, p = .001, d = 0.50), and decreased
Conscientiousness (£(1,194)= -3.20, p = .002, d = 0.46) in sy-
nesthetes as compared with non-synesthetes (see Table 3). Ex-
traversion and Agreeableness did not show a relationship with
synesthesia (t < 1). Next, for each personality trait that showed
differences between synesthetes and non-synesthetes, we found
that the scores did not differ between the synesthesia subtypes;
Openness (F < 1), Neuroticism (F(4,57) = 150, p = .21, * =
0.095) and Conscientiousness (F(4,57)=1.36, p = .26, 7 = 0.087).
In other words, the synesthetes with only one type of synesthesia

Table 3

Mean score (and standard deviation) on each of the five personality traits, com-
paring synesthetes to non-synesthetes. The last column presents the mean score
(and standard deviation) of all subjects in the total (ID1000) project.

Personality Trait Synesthesia (89) Non-Synesthete All Subjects
(107) (965)
Neuroticism 34.58(6) 31.51(6) 32.47(6)
Extraversion 40.96(5) 41.79(6) 41.64(6)
Agreeableness 39.58(7) 40.14(6) 40.25(6)
Conscientiousness 36.29(6) 39.04(6) 37.75(6)
Openness 43.37(6) 38.49(6) 40.87(6)
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do not differ from each other on their scores on these personality
traits. As the increased “Openness” was predicted to differ for
synesthetes versus non-synesthetes, the mean scores per sy-
nesthesia type for Openness are presented in Table 2. This again
shows that the effect was overall (slight increase of “Openness” in
all synesthesia types) rather than driven by a particular type of
synesthesia.

We also examined if ‘Openness’ is related to intelligence, as has
been reported in literature (Ackerman and Heggestad, 1997;
DeYoung, 2011). Increased Openness was found related to in-
creased intelligence (15(196) = .23, p = .002). In the non-synes-
thetic group, this general effect was obtained (ry(107) = .20, p =
.036). In the synesthetic group, the effect did not reach significance
(rs(89) = .19, p = .08). This correlation is not significant but the
obtained correlation is in the same direction.

3.4. Synesthetes have increased Emotionality

As expected, the synesthetes, as compared with non-sy-
nesthetes, scored significantly higher on the ‘Fantasizing’ scale (t
(1,194)= 4.83, p < .001, d = 0.69). The expected increased
‘Emotionality’ in synesthetes was also obtained (t(1,193)= 2.77, p
= .006, d = 0.40; corrected for non-equal variances). The re-
lationship between synesthesia and ‘Identifying’, ‘Analyzing’, and
‘Verbalizing (self or others) was examined exploratory (with
Bonferroni correction). None of these tests showed any difference
between synesthetes and non-synesthetes (all tests t < 1).

The relatively large subset of synesthetes with only one type of
synesthesia was used to test if the scales that differed between
synesthetes and non-synesthetes (‘Fantasizing' and ‘Emotionality’)
showed differential effects for the different types of synesthesia.
This one-way ANOVA showed that synesthesia types did not differ
from each other on ‘Fantasizing’ (F(4,57) < 1) or on ‘Emotionality’
(F(4,57) = 1.92, p = 12,7 = 0.19). In Table 2, the scores per type
are presented, showing that the increased scores in synesthetes on
these scales is an overall effect rather than bound to a particular
synesthesia type.

As explained previously, an additional analysis tested the pro-
posed relationship of synesthesia with second-order Type I com-
ponent (Emotionalizing and Fantasizing), as contrasted with (the
absence of) the relationship with second-order Type Il component
(Identifying, Analyzing and Verbalizing). A repeated measures
GLM showed that the interaction between subject group (sy-
nesthetes versus non-synesthetes) and Component (Factor [ versus
Factor II) was significant (F(1, 194) = 21.33, p < .001, 72 = .10).

3.5. A general ‘Synesthetic Trait'?

Results in this study are in line with the notion of a ‘general
trait’ of synesthesia. If there is a general synesthetic trait, does that
mean that it is possible to have ‘stronger or weaker’ synesthesia
(e.g., Ramachandran and Hubbard, 2001; Martino and Marks,
2001)? An example of a ‘supersynesthete’ would be Luria’s Sher-
eshevsky, where a stimulus in one modality produced a reaction in
every other modality (Luria, 1968). The idea is that having several,
different types of synesthesia, reflect stronger (‘super’) sy-
nesthetes. We measured the number of types of synesthesia for
each synesthete, with the assumption that more types of sy-
nesthesia would indicate a stronger presence of the ‘trait’ sy-
nesthesia. Next, we examined if the relationships (found in the
previous sections) with certain personality and cognitive char-
acteristics, can again be obtained within the group of synesthetes,
based on number of types (‘strength’) of synesthesia. An advantage
of this measurement is that the ‘number of types’ is not related to
the scores on the presented intelligence tests and questionnaires,
and thus is independent from the other (synesthesia)

measurements. A disadvantage is that the range is limited; sy-
nesthetes ranged from 1 to 4 types of synesthesia (and the latter
category contains only 2 synesthetes).

Spearman'’s rank order correlation showed that the number of
types of synesthesia correlated with “Openness”, with more types
of synesthesia related to the strongest increase of Openness (75(89)
= .33.p = .002). Exploring correlations with the other personality
characteristics showed no correlations with Neuroticism, Extra-
version or Agreeableness. Interestingly, Conscientiousness showed
a negative correlation, with less conscientious synesthetes having
more types of synesthesia (r(89) = - .26 p = .013).

Note that these analyses are within the group of the sy-
nesthetes only, and therefore are independent of the previous
reported results, which contrasted synesthetes with non-sy-
nesthetes. With the exception of “Neuroticism”, the results in
these analyses are in line with the proposal that an increase in the
‘trait’ of synesthesia (as measured in types of synesthesia) is re-
lated to stronger effects in the associated personality character-
istics; increased Openness and decreased Conscientiousness.

We next analyzed intelligence scores, but found no correlation
between total intelligence score and the number of types of sy-
nesthesia. Furthermore, exploratory analyses on the three domains
and the three item types in the intelligence test showed no cor-
relations. Thus, the relationship is not obtained between ‘stronger’
synesthetes and increased intelligence.

Emotional style was also examined. Both ‘Emotionality’ (r,(89)
= .27.p = .01) and ‘Fantasizing’ (rs(89) = .29. p = .005) correlate
with number of types of synesthesia. None of the ‘cognitive’ fac-
tors (Identifying’, ‘Analyzing’, and ‘Verbalizing (self or others)
showed correlations. Thus, the factors that differ between sy-
nesthetes and non-synesthetes also were found related to strength
of synesthesia, as measured in the number of subtypes of sy-
nesthesia he or she has.

Finally, on each question about specific synesthetic experi-
ences, recognition of this particular type of synesthesia would be
indicated by synesthetes by crossing either a 3, 4 or 5 on a Likert
scale. One hypothesis is that ‘stronger’ synesthetes will use higher
numbers to reply to this question. For each subject we calculate
their indicated ‘strength’, but only for the Likert-scale question
(s) corresponding to their verified synesthesia type. For subjects
with more than one type of synesthesia, the mean of all responses
(indicated number) was taken. This measurement of strength of
‘recognition of the experience’ as indicated by the synesthetes on
the Likert scale, did also correlate with ‘strength’ of synesthesia as
reflected in the number of types of synesthesia (r4(89) = .44,p <
.001).

Overall, these analyses are of exploratory nature, and some of
the obtained correlations are weak. Still, all results are in line with
a model that a general trait of synesthesia may be more weakly or
more strongly expressed. Note that it is not at all obvious that
variations in the number of types of synesthesia necessitates the
view that synesthesia is a continuous dimension in terms of un-
derlying gene expression (see also Ward and Simner, 2005). The
results do show, however, that the obtained related personality
and cognitive characteristics are associated the strongest with the
‘stronger’ cases of synesthesia.

4. Discussion

In this study, we examined prevalence of different types of
synesthesia in a (semi-) representative sample of the Dutch po-
pulation. Furthermore, personality and cognitive characteristics
were compared between synesthetes and non-synesthetes. In this
setup, including several different types of synesthesia, we ob-
tained a prevalence rate of synesthesia of 24%.
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This rate is strongly increased as compared with most previous
studies (Johnson et al., 2013, but see Barnett et al., 2008). This may
at least partially be due to less stringent selection criteria. The
Eagleman et al. (2007) (color) consistency scores could not be used
in the current study, as not all synesthesia subtypes had color
concurrents. Furthermore, while it would have been interesting to
test a subgroup of our synesthetes (the grapheme-color sy-
nesthetes), with the standardized (grapheme-color) consistency
test (Eagleman et al. 2007), the setup of the current project did not
allow to contact and re-test subjects after the experiment. Adding
more selection criteria, e.g., based on consistency, could have re-
sulted in a lower prevalence rate. An interesting question is
whether individuals failing the consistency test (as their con-
currents are more changeable) necessarily are not synesthetes at
all (see Simner, 2011; Niccolai, Jennes, Stoerig & van Leeuwen,
2012). Niccolai et al. (2012) found modulations of the synesthetic
experiences (including changes of the concurrent color) in 17% of
their synesthetic participants. They note that ‘the exclusion of low-
consistency synesthetes may result in a generalization of findings
to a population that is actually more varied’. Recruiting procedures
may also have influenced prevalence rate, as Mann et al. (2009)
reported a prevalence of 26% for time -space in a sample of un-
dergraduates not specifically recruited to test synesthesia. Finally,
the increased prevalence rate of course also reflects the effect of
including many different, rather than only a single, subtype of
synesthesia. If only the ‘grapheme-color’ synesthetes (color-to-
letter or color-to-numbers) had been studied, not taking into ac-
count other types of synesthesia, the prevalence rate would have
been 4.6% (prevalence was 1% in Simner et al. 2006; and 2% in the
control group of Rothen and Meier, 2010b). If estimates of different
forms of synesthesia (not just grapheme-color) are presented, the
prevalence is much higher (23% in Barnett et al., 2008; 54% in
Baron-Cohen et al., 1996).

In terms of different types, one synesthesia type that was
common in our sample was “Colored Sensations”, which clusters
all synesthetes where non-lingual inducers (e.g., personality,
temperature, pain, taste) have color concurrents. Another common
type was “Colored Sequence” synesthesia, where letters, numbers
or time elements evoke colors. Next in prevalence where Colored
Music, Spatial Sequences, and Sequence-Personality (letters,
numbers, days, months or other concepts have a personality). Only
two synesthetes in our sample also experienced “Non-Visual Se-
quelae” (concurrents are non-visual; in this case sound-to-taste).
We did not find lexical-gustatory synesthetes in our sample, even
though the questions probing this type of synesthesia were quite
broadly formulated.

Of course, there are still other types of synesthesia that were
not included in our current study, in particular synesthesia types
related to having a particular expertise (NikoliC et al., 2011; Carroll
and Greenberg, 1961; Loui et al., 2012). Thus, while successful in
including many different types in our synesthesia sample, we ac-
knowledge that the selection was not exhaustive. Furthermore, the
category ‘movement-sound’ could not properly be assessed in our
current analyses. In future research, new diagnostic measurements
might need to be developed to properly incorporate this sy-
nesthesia type as well. In fact, there is ongoing discussion about
the correct way of ‘defining’ synesthesia (Simner, 2012; Colizoli
et al.,, 2014) and consequently the diagnosing procedures are also a
topic of discussion. The current results show the relevance of di-
agnosing strategies that allow using the exact same procedures for
very different types of synesthetic concurrents.

The great majority of our obtained synesthetes have color
concurrents. Ward and Simner (2007) as well as Niccolai et al.
(2012) found in their group of synesthetes a higher prevalence for
color concurrent (e.g., music-color) as synesthesia types, while
synesthetic experiences in other sensory modalities (taste, pain/

touch, smell, sound) were far less common. It is possible that a bias
in the types of questions asked in the diagnostic procedure, skews
the prevalence rate in favor of color concurrents. Perhaps there are
more (possibly even yet unknown) types that involve very differ-
ent types of experiences. While we included some very broad
questions to probe all different types of synesthesia, it is possible
that our questions were still not adequate. On the other hand, it is
also possible that color is indeed the most common synesthetic
concurrent. This could be due to color categories already being
present in pre-linguistic infants (e.g., Bornstein et al., 1976;
Franklin and Davies, 2004; Clifford et al., 2009). Possibly, the early
presence of these categories makes it easier to use them in sy-
nesthesia to ‘map on’ the other, newer and more complex,
categories.

The second question addressed in this project is whether sy-
nesthetes differ from non-synesthetes in their general character-
istics, personality traits, or cognitive profiles. We found no differ-
ence between synesthetes and non-synesthetes in the simple and
general characteristic of handedness, which replicates earlier
findings (e.g., Ward and Simner, 2005; Rich et al., 2005). Further-
more, we found that the prevalence of synesthesia did not differ
for males and females. Early studies reported a higher prevalence
for synesthesia in females than in males (Baron-Cohen et al., 1996).
However, a skewed female-male ratio has been obtained in self-
referred samples (Ward and Simner, 2005; Rich et al., 2005; but
see Barnett et al., 2008). In an important paper, Simner et al.,
(2006) proposed that if sampling does not rely on self-referral, a
much higher prevalence rate of synesthesia is found than was
previously assumed, and furthermore the asymmetry in the dis-
tribution of synesthesia across sexes disappears. The current study,
testing everybody in a representative sample, and obtaining a
higher synesthesia prevalence rate and equal male-to-female ratio
in the synesthete and the non-synesthete group, supports this
proposal.

Moving to higher cognitive functions, we did obtain a differ-
ence between synesthetes and non-synesthetes. Synesthetes
showed a small but significant increase in intelligence scores. This
increase was a general effect rather than specifically related to a
particular synesthesia type. Furthermore, the effect was not bound
to a particular domain of intelligence (in particular, it was not
present in ‘memory’, and more strongly present in ‘general
knowledge’ and ‘reasoning’). While some particular synesthesia-
type advantages for particular stimulus material (e.g. better en-
coding and recognition of figural information in synesthetes with
color concurrents) were obtained, in general the effects obtained
were unrelated to such relations. Results are in line with a general
increase of intelligence related to the ‘trait’ of having synesthesia.
We did not obtain inducer/concurrent specific memory advantages
in our intelligence test.

Similarly, in a personality test, the expected effect of increased
“Openness” was obtained, as well as unexpected effects of in-
creased “Neuroticism” and decreased “Conscientiousness”. Fur-
thermore, a questionnaire on characteristics of emotionality
showed increased experience of emotions (Emotionality) and in-
creased ‘Fantasizing’. In contrast, three scales on the cognitive
aspect of assessing emotions (Identifying, Analyzing and Verba-
lizing) did not show differences between synesthetes and non-
synesthetes.

These findings are of interest in the light of the suggested re-
lationship between autism spectrum disorders and synesthesia,
finding increased synesthetic traits in a group of people with
autism (Baron-Cohen et al., 2013). The results presented here
(increased openness to experiences, increased emotionality, and
no difference in self-rated skill in assessment of emotions) are not
in line with characteristics of autism spectrum disorder (deficits in
social communication and social interaction, restricted repetitive
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patterns of behavior; see DSM V, American Psychiatric Association,
2013). Our current results therefore do not suggest increased au-
tistic traits in the synesthetic group. This could mean that the
relationship obtained is in one direction only (increased sy-
nesthesia in autism but not vice versa). Or perhaps there are
overlapping characteristics between the two conditions, but these
are not addressed in the current study.

In all of our findings, we found a general increase over all types
of synesthesia rather than evidence for the effects being bound to
a particular type of synesthesia. In an exploratory analysis, we
defined ‘stronger’ synesthetes as having more types of synesthesia.
This (exploratory) measurement of ‘strength’ of the trait of sy-
nesthesia, correlated positively with “Openness” and negatively
with “Conscientiousness”. It was also positively correlated with
“Emotionality” and ‘Fantasizing”, and not related to the cognitive
aspects of assessing emotions. While only a first step, these find-
ings are promising in finding properties related to a general trait of
synesthesia.

One possible problem in this project would be that the sy-
nesthetes had a general tendency or general response bias, which
would explain both their tendency to indicate synesthesia, and
their tendency to obtain deviant scores in the different measure-
ments. We would argue, however, that this was not the case. First,
the intelligence test is an ability test, it is hard to ‘fake’ better
performance on such task based on conscious or unconscious re-
sponse biases. If the synesthetes would have only used a ‘trick’
(e.g., based on mnemonic strategies), this would have led to more
specific (synesthesia-type) effects. Such specific relationships be-
tween testing material and type-of-synesthesia were not obtained.
Second, the obtained effects on the self-report questionnaires
were specific enough to counter an explanation based on general
response biases. For example, there was an increased tendency to
report emotionality on the emotionality scales, but this tendency
was not found on the cognitive scales of the same questionnaire.
Similarly, there was an increased Openness in synesthetes, but
other scales of this questionnaire showed decreased report (Con-
scientiousness) or no effects in the synesthetes (Agreeableness,
Extraversion). These results suggest that the subjects did not
generally increase their response in ‘recognizing’ any statement
about their personal experiences. Instead, the general and smaller
effects currently obtained, are in line with synesthesia related to
general differences, e.g. in developmental pattern, in cognitive
profile, and in brain function / structure. Such differences could
give otherwise normal and healthy individuals a small but sig-
nificant advantage such as the ones obtained in the intelligence
scores.

We wish to stress that although a general relationship between
synesthesia, intelligence and particular personality characteristics
is obtained in the current study, this does not inform us about the
directionality of these relationships, nor about the way these re-
lationships fit in an overall model (we wish to thank an anon-
ymous reviewer for bringing this issue to our attention). As often
in psychological studies, the concepts and measurements may not
be fully independent, but may be related at measurement and/or
conceptual level (e.g. intelligence and openness). While our results
can be interpreted to suggest that the obtained between-group
differences are found because of synesthesia, (or another general
underlying factor), this is currently unknown. Another, perhaps
more elegant, way to look at these multiple interdependencies is
from the perspective of an interactive developmental model. Ra-
ther than one particular characteristic ‘leading’ the others, such
viewpoint assumes many interactions between both cognitive and
biological processes. Not only the starting genotype is important,
but also how the biological and behavioral characteristics influ-
ence each other during development of the individual. This de-
velopmental perspective allows flexible shaping of cognitive and

biological properties in response to experiences with, and actions
in, the subject’s environment. Causality explained as mutual re-
ciprocal patterns rather than based on one general (latent) variable
has been suggested not only in synesthesia research (e.g., Mitchell,
2011), but also in other fields such as intelligence research (e.g.,
Van Der Maas et al., 2006). According to the ‘Interactive Speciali-
zation’ account, during development cortical regions specialize in
their response properties in interaction and competition with each
other, and furthermore these response properties are partly de-
termined by patterns of connectivity to other regions (Johnson,
2000, 2011). This account has been applied to diverse fields in-
cluding face processing (e.g. Joseph et al., 2011) and develop-
mental anomalities (Johnson et al. 2002).

In conclusion, current results show that it is worthwhile to
broaden our view on synesthesia, and include the many different
types of synesthesia in our models. Current results provide the
satisfying suggestion that the previously obtained results with one
particular type of synesthesia, will be relevant to synesthesia in
general, and thus to other types of synesthesia as well. Previous
genetic and family-based studies have suggested that the biolo-
gical predisposition is to having synesthesia, not to having parti-
cular types of synesthesia (Barnett et al., 2008; Ward and Simner,
2005; Bargary and Mitchell, 2008). Putting these findings together,
we propose the existence of a general trait of synesthesia. Under
the influence of familial/genetic factors, and mediated by differ-
ences in brain structure and brain functioning, synesthetic in-
dividuals develop that differ not only in their sensory experiences
but also in personal, cognitive and emotional characteristics.
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