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Introduction

Synesthesia (literally Greek for “union of sensation”) is a neurological condition
where the senses are mixed up: the ordinary stimulus of one sense triggers an
extraordinary response in another normally unrelated sense. For instance, black and
white letters and numbers trigger vivid colors, some tastes have specific tactile
shapes, and some words create strong sensations of flavor. In the past few decades,
research in synesthesia has exploded: genetic, neuroimaging, and behavioral studies
have established that synesthesia is indeed a true perceptual phenomenon, and that
further research that could lead to breakthroughs in understanding development ,
sensory interaction and organization within the brain, and consciousness
(Ramachandran 2001).

Synesthesia is a neurological phenomenon - unlike most conditions which
result in the absence of a function or trait, synesthesia is defined by the presence of
one. Since it does interfere with any other functions, synesthesia is characteristic of
otherwise normal people. In fact, most synesthetes often do not even know of their
condition until they hear about it. Synesthesia can manifest in a multitude of different
forms. Virtually any unusually pairing of the senses qualifies as synesthesia, and
since experiences are highly unique to the individual, it is clear that there is huge
individual variation of synesthesia. Due to this, it is currently unknown exactly how
common synesthesia is: estimates range from 1 in 23 to as low as 1 in 2000 (Cytowic
2009).

The most commonly studied form of synesthesia has historically been

grapheme-color synesthesia, where numbers or letters induce specific colors.
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Grapheme-color has thus been widely accepted as the most commonly occurring
form of synesthesia. Recent surveys have found that at least 1% of the male and
female population might be affected by grapheme-color (Price 2008). However, due
to the difficult nature of diagnosing synesthesia, this number only represents an
estimate.

Another less recognized form of synesthesia, known as sequence-form
synesthesia, has been the subject of recent research. In this variation of
synesthesia, people perceptually assign three dimensional structures to abstract
ordinal sequences, such as months of the year or days of the week. These
structures result in a highly complex and unique number line in which ordinal
sequences (such as numbers, months, days of the week) are experienced either
implicitly or explicitly as spatial forms (highly complex and unique patterns, like a
mental number line). This form of synesthesia may be even more common than
grapheme-color, affecting up to 10% of the population (Sagiv 2006). Sequence-form
synesthesia shows all the hallmark characteristics of synesthesia: present since
childhood, relatively consistent over time, involuntarily and automatically induced,
and highly individualized and specific to the synesthete (Cytowic 2009).

There have been few previous studies on sequence-form synesthetes. Sagiv
2006 in one such study performed a variation of the Stroop congruency test, showing
that the reaction time for identifying the larger of two numbers is affected by the
congruency of the numbers to the synesthete’s spatial forms. And even for the
studies that have been done, there has not been much interest in the behavior of

non-synesthetes as compared to the sequence-form synesthetes.
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The few studies that have included non-synesthetes in their experiments have
suggested that there are many similarities between the brains of non-synesthetes
and of those with sequence-form synesthesia. Neuroimaging studies have shown
that similar areas of the brain, namely the parietal and occipital lobes, are activated
during the representation of sequences and spatial information (Price 2008). The
SNARC effect (spatial-numerical association of response codes) has been linked with
sequence-form synesthesia in multiple studies (Eagleman 2009, Price 2008, Santens
2006, Gevers 2003). This effect is demonstrated when numbers are randomly
presented to individuals and they are required to make simple comparisons of
magnitude. It has been shown that the reaction times for responses using the left
hand is significantly faster when the number is on the earlier end of the sequence
and is also faster for the right hand when the number is in the later part of the
sequence. For subjects with spatial forms, the SNARC effect adjusts to decrease
reaction time with a certain hand when the number appears on that specific side of
the body in the spatial form. Thus the SNARC effect has been used to study the
magnitude comparison and to suggest the presence of an implicit number line in
people in order to explain the trends in reaction times. If found for non-synesthetes,
the SNARC effect could support theories that synesthetic connections may be
present in a wider range of people, not just limited to people identified as sequence-
form synesthetes (Price 2008).

So far it is not fully understood what could account for concrete spatial forms
in some people and only mental number lines in others. There are many theories

behind the neurological development and mechanisms responsible for synesthesia.
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In general, it is agreed that there is some genetic component to the condition that
passes on a predisposition to form synesthetic connections. However, the exact
genetic mechanisms responsible are still unknown. Previous studies have found that
family members of synesthetes have a higher probability of exhibiting some form of
synesthesia themselves, establishing it as a familial trait. Also, if one form is already
diagnosed, there is a higher probability of the presence of another variation. Ward
2005 verified that it is an X-linked dominant mode of inheritance with no lethality.
Both Mathewson 2007 and Brang 2008 have recently sought to identify specific
chromosomes and genes that may be directly responsible for the presence of
synesthesia, but findings are still inconclusive.

The most widely accepted explanation of neurological organization in
synesthetes is the theory of cross-activation: that these special conditions exist
between parts of the brain which are not normally so closely related (Hubbard 2005).
The formation of these connections may be explained by defective pruning of neural
connections early on in development. Up until the infant stage, a brain is largely
unspecialized, and most sensory information is integrated throughout the brain.
However, as the brain matures and develops, the brain undergoes specialization and
loses most of these connections, therefore designating certain functions to particular
areas of the brain. Baron-Cohen 1996 proposed the Neonatal Synesthesia
Hypothesis, which states that all infants are synesthetic, but the majority of them lose
their abilities after development.

Further studies on sequence-form synesthesia and the SNARC effect have

sought to determine whether or not mental number lines are present in everyone.
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This discovery could in turn add to the growing question revolving around the
similarities between the synesthetic and non-synesthetic brain. Further comparison
of the neural models underlying synesthetes and non-synesthetes might also lead to
a more thorough understanding of the everyday interaction of senses, in addition to
new discoveries linked with the development and organization of the brain.

Price 2008 conducted a study on synesthetes and a control group of non-
synesthetes to determine whether or not a month-SNARC effect could be observed.
A computer program was used which asked subjects to identify whether a specific
month fell in the first or second half of the year. By comparing the reaction times of
the subjects to the first six months and to the second, the authors determined
whether or not a SNARC effect existed. The article mainly focused on results
involving the synesthetes; namely that their hypothesis was confirmed: there was a
strong month-SNARC effect for synesthetes. However, they found no measurable
SNARC effect in controls. These results provided evidence of cognitive differences
in sequence representation between controls and synesthetes but failed to replicate
previous findings supporting an implicit association between sequential and spatial
representations in non-synesthetes (Gevers 2003). Yet, they failed to discuss
whether there were any notable reaction time differences for the non-synesthetes for
any six consecutive months (not just the first half and the second half of the year). If
there were any differences, it would justify the SNARC effect in non-synesthetes and
provide evidence of implicit mental month forms in most brains. This research

proposes to perform a follow-up study that will test whether or not non-synesthetes
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demonstrate a measurable automatic month-SNARC effect for any six consecutive

months of the year.

Research Question:
Do non-synesthetes demonstrate a significant automatic month-SNARC effect when

tested by a computer program?

Hypothesis
There is a significant month-SNARC effect in some non-synesthetes.
Null Hypothesis

There is no significant month-SNARC effect in any non-synesthetes.

Participants

The main test group consisted of six nonsynesthetes recruited by the Baylor
College of Medicine. All spoke English fluently and did not report any experiences of
spatial sequence synesthesia. These subjects were of both genders, and were
dominant with both hands. Every subject read and signed the Informed Consent
forms for Baylor College of Medicine. The experiment was covered by the laboratory
International Review Board.

Due to the high predicted prevalence of spatial sequence synesthesia in the
general population and the widespread lack of knowledge of the condition, a
guestionnaire was administered to all subjects prior to testing to ensure that they did

not experience any genuine synesthetic spatial forms for months and to eliminate any
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potential synesthetes from the subject group. Subjects were first asked if they
experienced any month, week, alphabet, or number forms. If they reported yes to
any of these, they were then asked to rate how involuntarily and frequently these
forms were triggered by conceptual (imagining a month name or thinking about
months in general) and sensory (viewing a month name) triggers. The multiple
choice ratings were based on a simple 4 point verbal scale (I have no control...l have
complete control; Always...Rarely). The questionnaire also included a brief set of
guestions intended to identify subjects with other types of synesthesia, such as
grapheme-color synesthesia. This was done only for the purpose of identifying future
subjects for other synesthetic studies.

To lower the risk that the non-synesthete subject group data would be
contaminated by the data of genuine synesthetes, subjects would be rejected from
the study if they met the following criteria: (1) they reported “yes” to experiencing
spatial forms for the months; (2) they labeled their level of control over these forms as
either of the two lowest multiple choice ratings (I have no control, | have almost no
control); and (3) they ranked these forms as having either of the two highest ratings
of frequency for both imagining and viewing the months. Based on these conditions,
however, no subjects were eliminated from the data.

Apparatus

The experiment was run in psychology testing cubicles in normal room
lighting. Month names were presented on computers using Matlab programming
software. Subjects were instructed to respond to the stimuli using the C and M keys

on standard QWERTY keyboards.
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Procedure

Most aspects of the procedure were identical to those used in the study of
Price 2008, Experiment 1. Detailed instructions appeared on the screen before the
testing began and remained on screen until the subject pressed a key to move on.
For each trial, subjects were presented with a month name in the center of the
screen. They had to decide whether the month lay in the first half of the year
(January to June) or the second half of the year (July to December) as quickly and as
accurately as possible. They responded to the stimuli using their left and right index
fingers on the C and M keys, respectively. Stimulus mappings were varied as
described below to decrease any bias in the data caused by hand dominance.

The twelve month names in American spelling appeared in random order in
the center of the monitor. The names were printed in size 18 font in black ink on a
white background with a capitalized first letter. They appeared immediately after a
centered 1 second red fixation point, and remained on screen until a proper response
was made by depressing either of the two keys, at which point the fixation point
appeared again.

Experimental sessions consisted of 960 trials, taken in 2 main sets of 480
trials each. In the Price study, the testing procedures had not been entirely
consistent between the synesthetes and the non-synesthetic controls: 960 trials were
administered to only the synesthete group, while the controls were left with 480 trials.
In order to create a more equal experimental design, the non-synesthete subjects in

this experiment were also give 960 trials. Each set was grouped into 4 blocks, which
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were further broken down into 10 miniblocks of 12 trials each. Within each miniblock,
each month name appeared once in a random order.

Stimulus response mapping was alternated between all subjects to account for
any reaction time advantages of the dominant hand: for 4 blocks the C key as
pressed for months in the first half of the year and the M key for months in the
second half of the year, and for the other 4 blocks the C key was pressed for the
months in the second half of the year and the M key for the months in the first half.
The subjects were not initially told of the switch.

In between blocks, subjects were presented with an instruction page stating
which key to press to signify months in which half of the year and were allowed to
rest for as long as needed, pressing a key to resume testing whenever they were
ready. At the beginning of each block there were 12 practice trials to give the
subjects a chance to get comfortable with which keys to press and the overall
program. For each subject, each month appeared 40 times in each of the two
possible mapping positions. The entire experiment ran for approximately 40 minutes.
All volunteer subjects were compensated for their time as according to Baylor
College of Medicine standards.

The experiment was designed as closely as possible to the experiment done

by Price in order to allow for a fair comparison between the results.
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Results

The data was looked at for each individual subject (there was no comparing
between subjects). Data from the two experimental sessions were initially pooled,
and then were divided back into two groups based on their stimulus mappings
(whether the C key, and consequently the left hand, was used to signify early months
or late months). Any trials in which the participant responded inaccurately were
removed from analysis. The response times were then sorted by month. The mean
response times for each month were calculated. Trials which had response times
that were greater than 3 standard deviations away from the mean response time for
their month were treated as outliers and were also removed from analysis. After this,
each subject was left with an average of 879 trials split into between the two data
sets.

Each non-synesthete’s data was analyzed separately using Microsoft Excel to
help determine the presence of a SNARC effect. The first six months of the year
were compared with the second six months of the year. First, the average response
time for each set of six months was calculated for when the left hand was used to
signify the first half of the year and the right hand was used for the second half. The
average response times for both sets were also calculated with the opposite stimulus

mapping, resulting in a total of four mean response times per synesthete. Next, the

: S .
standard error was calculated for each mean, using the formula — where s is the

Jn

sample standard deviation and n is the same size. The means and their respective
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error values were then placed into pairs: the two times for the first six months (one for
the left hand, the other for the right) and the two times for the second six months.
Figure 1.1 shows that there was a noticeable difference between the average
times within each six months between the two hands. In order to establish this
difference as statistically significant, the error values were used to create error
margins. Within each six months, the error value was added to the faster time and
subtracted from the slower time. If the resulting times did not overlap at all, the
difference was classified as significant. Each subject’s data was also depicted by a
line graph (Figure 1.1) with two lines - one for the early months and one for the later
months (Price 2008). The subjects who exhibited the SNARC effect in their study
had lines that crossed each other at significant angles. Using this observation as a
basis for this experiment, it is apparent that two of the tested subjects demonstrated
the SNARC effect. Both SXP and DAV had graphs with lines that noticeably crossed.

On the other hand, the graphs of the other subjects did not cross very much, if at all.
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Figure 1.1: Graphs of the six subjects, showing mean response time for early and late months using
the left and right hands. The y-axis is mean time in seconds. The x-axis states which hand was used
to respond, 1 referring to left hand and 2 referring to right hand. For each graph, the Series 1 line
refers to the months in the first half of the year, while the Series 2 line refers to the months in the
second half of the year. The graphs of subjects SXP and DAV indicate a clear month-SNARC effect,
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Discussion

The results of this experiment indicate that both DAV and SXP exhibit the
SNARC effect. However, these effects seem to be opposite: DAV responds faster to
early months with his left hand, while SXP responds faster to early months with his
right hand. This leads to the conclusion that both subjects have opposite mental
images of the months. DAV’s implicit spatial form most likely has months January
through June on the left and months July through December on the right, while SXP
probably views the months in a reverse pattern. For the other four subjects, there
was no significant difference between response times for the left and right hand for
early and late months. Consequently, their corresponding graphs have lines that
only slightly intersect, if at all. This suggests that these subjects do not have any
consistent mental image of the months, and therefore do not possess the synesthetic
connections between areas in the brain involving sequences and spatial

representation.

Conclusions

The SNARC effect has in the past been used to support the idea of implicit
spatial representations of sequences in non-synesthetes. However, the Price 2009
article cast doubt on this claim with results that for non-synesthetic controls there was
a complete lack of any SNARC effect. This experiment sought to follow up on this
study to see if the findings of Price were completely accurate. The biased

experimental design used by Price was slightly altered to treat non-synesthete
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subjects as equally as possible to the synesthetes tested by Price. Using an almost
identical procedure, more experimental trials, and a more detailed analysis of the
data, this experiment found that some non-synesthetes do indeed exhibit an
automatic month-SNARC effect.

Of the six subjects tested in this experiment, two of them had data that
strongly indicated the presence of a SNARC effect. This means that these subjects
most likely possess a mental number line or spatial form of the months, but below the
conscious level. As the questionnaires established previously, these spatial forms do
not fully qualify as sequence-form synesthesia, for the subjects have control over
them and the forms are not triggered frequently. Yet the results show that these
subjects are not quite the same as the other non-synesthete subjects. Both DAV and
SXP seem to fall into a gray category between synesthetes and non-synesthetes,
with brain functions that mirror both groups.

In the future, a greater number of subjects would be very valuable and could
help see if this seemingly high statistic is really representative of the entire population
or is just a coincidence. A larger subject base would also increase confidence in the
findings. Regardless, this finding is evidence that there are at the very least some
synesthetic tendencies in some non-synesthetic brains and that some of the same
neural mechanisms may be used, even below the conscious level. It might also
prove interesting to conduct a second experiment on these six non-synesthete
subjects. This experiment, like the second experiment in Price and Gevers would not
focus on magnitude comparison but rather some other task, in order to thoroughly

ascertain the automatic nature of the SNARC effect. The comparison between the
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mean response times for ordinally and spatially extreme months could also lead to
more evidence supporting the presence of the SNARC effect.

Possible future studies might attempt to look at any six consecutive months of
the year, not just the first six compared to the second six. Not all synesthetes see the
months split up like that in their spatial forms, and it is unfair to assume that the
unknown mental images of non-synesthetes would be any different. Speaking even
more broadly, a way to test the SNARC effect for more complicated spatial forms
should also be looked into. Studies could also be done to examine any specific
advantages or disadvantages in regular cognition and function that are associated
with spatial forms.

All future studies into synesthesia, especially into sequence-form synesthesia,
should look to establish the differences and similarities between the brains of
synesthetes and non-synesthetes. Once this is understood in greater detail, there
may be more breakthroughs into the structure and neural mechanisms at work in the
brain and the connections between parts of the brain responsible for different
functions. By establishing the neural organization of synesthesia, more progress
may be able to be made in determining the exact neural development patterns and

consequently the genetic factors that play a part in this extraordinary condition.
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