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ABSTRACT

This study examined vividness of visual mental imagery and color discrionnati
ability in synesthesia. It was hypothesized that participants wihssiyesia would have
higher overall scores on the Vividness of Visual Imagery Questionnaire (\arne))
participants with colored synesthetic experiences would have lower TotalSEores
(TES) on the Farnsworth Munsell 100-Hue test (FM 100 test). Results revesadgifiaant
difference between groups on the FM 100 test [F(2,28) = g.8103], with participants
with colored synesthetic perceptions having lower TES scttesZ0.40) than synesthetes
without colored concurrent$/(= 34.00) and participants without synesthesla=(34.63).
An independent samples t-test revealed no significant differences beymesthstes and
nonsynesthetes and overall VVIQ scores [t(30) = -1.46, p=.16]. These results ititatate
synesthetes with colored concurrents may have better color discriminatipnthbit non-

synesthetes and synesthetes without colored concurrents.
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CHAPTER 1

INTRODUCTION

Statement of the Problem

Much remains to be discovered about synesthesia, the phenomenon in which a
sensory experience (inducer) triggers a conscious perception (concurreist)ritetdition
to perceptions that most people would experience in response to the stimulus
(Grossenbacher & Lovelace, 2001). For example, someone who experiences sinesthe
may report seeing the color green (concurrent) in response to hearing or qesainguéar
number or letter (inducer). Those experiencing synesthesia (synestttesjescribe
seeing the color in their “mind’s eye” (internal synesthetes) ocassnonly, seeing the
color projected (external synesthetes). External synesthetes sadjhimaglathey see the
colors externally, they know that these colors are not actually on the indutesrdte
number, for example), as they perceive them. The most common kind of synesttiestia i
of colored language synesthesia, although synesthetes have reported myrsa&tone
examples of forms of synesthesia include perceptions of color in response to musical
sounds, sensations of shapes in response to taste, sensations of colors in response to sounds.
Scientists have studied colored language synesthesia much more than other fotms, due
colored language being the most frequently reported kind of synesthesia (Robertson &
Sagiv, 2005). Reports of synesthesia may go back as far as the 1700s (Galtonaris3;
2006), but up until recently, synesthesia was a difficult phenomenon to study. Many people

have doubted the genuineness of synesthesia, given that exploration of synesthesia has
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historically been largely dependent upon self-report, residing in the perceptienpErson
experiencing it. However, with the development of brain imaging techniques such as
functional Magnetic Resonance Imaging (fMRI) and other objective testbbdedeoy

researchers (Baron-Cohen & Harrison, 1997), synesthesia has gained cne@elultioin to

renewed interest in the scientific community in recent years.

Purpose of the Study

This study proposed to elucidate to what degree the findings of multisensory
integration are relevant to human behavior. Persons with synesthesia mosirdpmeport
colors in their evoked perceptions. By asking participants to discriminatedretive
shades of colors, we investigated whether the unusual multisensory conditeimogsom
enhances color perception. In addition, many people with synesthesia désaribe
synesthetic experiences with great detail, and describe theirexgesias quite vivid. We
also examined whether these synesthetic experiences increase vividnsgalohental
imagery by asking participants to complete a questionnaire that will askaheyport

vividness regarding their visual imagery.

Hypotheses for this Study
1. Synesthetes would report stronger vividness of visual imagery than non-
synesthetes, such that synesthetes would have higher overall scores on the \¥idness
Visual Imagery Questionnaire than non-synesthetes.
2. Synesthetes with colored synesthetic experiences would demonsteatediot

discrimination than non-synesthetes and synesthetes without colors as part of thei



synesthetic experiences. Synesthetes with colored concurrents wouldvan&otal Error
Scores on the Farnsworth-Munsell 100 Hue test.

3. Synesthetes with colored synesthetic experiences would report sivomdygess
of visual imagery than non-synesthetes and synesthetes without colored caa@nrine
color subscale of the Vividness of Visual Imagery Questionnaire.

4. Among synesthetes with colored concurrents, the vividness ratings of the
concurrents from the Synesthesia Screen would correlate with thetlstoéng/idness
ratings on the color subscale of the Vividness of Visual Imagery Questiannaire

5. Synesthetes with external concurrents would report stronger vividness of visual
imagery than synesthetes without external concurrents, as measured bysoweeslion the
Vividness of Visual Imagery Questionnaire.

6. Synesthetes with external concurrents would report stronger vividnegs K@tin

their concurrents from the Synesthesia screen than synesthetes witbowdlesdncurrents.

Significance of the Study

The scientific significance of this study was to further the knowledge phgsent
known of synesthesia and multisensory processing. In particular, | exaiméneoldred
perceptual experiences of synesthetes and their subjective vividnessabimisgery.
Although much research has been conducted in effort to describe exactly whatuagrcept
phenomena constitute synesthesia (Day, 2004; Palmeri, Blake, Marois, Flandrgtéell,
2002; Schilt et al., 1999), there is a paucity of research as to whether syoesibetiences
may provide some benefit in the domain of veridical perceptual experiences. THe neura
mechanisms of synesthesia have yet to be illuminated, and although interessihesyae

research has greatly increased in the past decade, there is little conse¢asusether it
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may be an ability that evolved due to advantages resulting from increasedtess)oa
simply a genetic accident.

Research conducted in (often somewhat contrived) laboratory experiments ha
demonstrated that synesthesia can be detrimental to reaction times on betasksra
(Palmeri et al., 2002). Although a number of studies have used behavioral measures to shed
light on the novelty of synesthetic experiences, this study is unique in thaturetkas
perception that is not itself synesthetic in nature. To my knowledge, only one agidgdn
conducted examining how synesthesia may play a role in everyday cogniksetas
behavioral performance. In a sample of 25 grapheme-letter synesthetes and 26 non-
synesthetes, Crane (2005) found synesthetes to perform one standard deviation Imgher tha
controls on the verbal comprehension index of the Wechsler Adult Intelligence Scale
(WAIS). One can postulate that the consistent extra stimulation of colorsléattédre and
numbers of the synesthetes may have aided them in this verbal subcomponent of the WAIS.
In a standard test of color discrimination ability, 150 of 300 participants wegodats as
“Experienced” color discriminators, and had 3 to 20 years of experience in theaotrol
laboratories of dyes, rugs, plastics, textiles, and paints (FM Scoring 8afi@a6). These
individuals had significantly better color discrimination as compared to themega
participants. | postulate that the effects of practice with color gave theggppats an
advantage on the color discrimination task.

With the consistent color stimulation provided in synesthetic experiences ef thos
with colored synesthesia, it was interesting to observe whether this unususémnsoity
phenomenon of synesthesia actually provides an advantage in relevant behaviohdasks,
how these experiences may influence color discrimination abilitieslaByngiven the

4



markedly different perceptual experiences reported by synesthetes, withjthmgynof
these experiences perceived as being very vivid and real in the “mind’d elgm’'wanted
to find out more about the perceived vividness of visual imagery for synesthetes as opposed

to non-synesthetes.

Definition of Terms

Colored language synesthesiynesthesia in which letters or numbers are
automatically and consistently paired particular letters with spexmfars (Baron-Cohen &
Harrison, 1997). The color may fill up the letter/number, manifest itself ibabkground,
or simply present itself in the mind’s eye in response to the stimulus (Grodsenac
Lovelace, 2001).

Concurrent.The concurrent is the resultant sensory experience to an inducer, most
often experienced by synesthetes as colors (Grossenbacher & Loveldge, 20

External synesthesi&or the purposes of this study, external synesthesia refers to
synesthesia in which the synesthete visually perceives concurrentaiessaaih the
inducer outwardly (Martino & Marks, 2001).

GraphemeA grapheme is a letter of number, associated with colored language
synesthesia.

Inducer.An inducer is the stimulus or event that triggers the sensory experience in a
modality (sense) normally not experienced in non-synesthetes. For exagitaea-
hearing synesthete may hear a certain word or musical sound (inducer) anerceayepghe
sound as possessing a particular color (concurrent). The inducer can be in thensame s
modality or in a different sense modality than the concurrent (Grossenbatbeekice,

2001).



Internal synesthesi&.or the purposes of this study, internal synesthesia refers to
synesthesia in which the concurrents associated with inducers are ecgxrrethe
“mind’s eye” of the synesthete, and not visualized externally on a medium sugieasipa
other external representation (Martino & Marks, 2001).

Modality. Any of the various forms of sensation, such as vision or hearing.

Synattribution.Conscious experience of non-sensory phenomena that are triggered
by something not otherwise explained by synesthetic perception, conception, ordgewle
(Grossenbacher, 2004b).

SynesthesiéSynesthesia is the automatic perception of a stimulus as an experience
of a different sense, such as consistently picturing certain letters dersim specific
colors (Kolb & Wishaw, 2003). This definition will include both “internal” and “extérna
synesthesia.

Synesthetic Conceptio@onscious experiences of sensory phenomena triggered by
conceptual thought or affective feeling (Grossenbacher, 2004b).

Synesthetic Perceptiofonscious experiences of sensory phenomena triggered by

sensory stimulation (Grossenbacher, 2004b).



CHAPTER 2

REVIEW OF LITERATURE

Theoretical Reflections

Synesthesia, from the Greek word “syn” which means “together,” and “assthes
meaning “perception,” has been reported as early as the 1800s. Interesisihayia was
great between the mid 1800s and before the behaviorist trend in psychology aroung the earl
to mid-1900s (Cytowic, 1998). Despite the interest, scientists had diffgtuliying
something that so heavily relied upon self-report, and many doubted the genuineness of
synesthesia. With the rise of behaviorism, scientists generally eghaydesthesia as an
invalid field of study, judging subjective experiences as immeasuraltlee past few
decades, however, interest in synesthesia has returned (Duffy, 2001). Pressediichers
employ a large and increasing number of methods to assess the validity dietynest
experiences. Many of these methods involve functional neuroimaging, but also some,
ironically in the light of the decrease in interest during the behavioristreraehavioral
tests.

Although synesthesia is arguably fascinating in its own right as amdranusual
multisensory experience, it may offer insight upon multisensory processiegeanad The
binding problemor the question of how sensory information is integrated to provide a
unified experience of perception (Palmeri et al., 2002), is a challengingogquéstding
applies to the question of how individual senses (modes) and how our senses work together

(cross-modal). Further insights into synesthesia, both an intramodal andnoreis
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exception, may provide greater understanding of sensory integration consideradl|*nor

perception.

Characteristics and Properties of Synesthesia

Aside from a literal translation of the Greek origins of the word, what is $\ewa?
Although there are varying definitions of synesthesia at present, and what makes one
synesthete, what is most agreed upon is that synesthesia constitutes as “mheng of t
senses” (Kolb &Wishaw, 2003). Although “mixing of the senses” often impliesalsis
(inducer) triggering a response (concurrent) in another sense modality, suehirag he
spoken word provoking the experience of color, which could be called cross-modal,
synesthesia also occurs with the inducer and concurrent belonging to theeeaene s
modality (Grossenbacher & Lovelace, 2001). For example, a synestheseenaynumber
such as “4,” which may trigger the corresponding visual color orange, fayhesthete.

Synesthetic experiences occur involuntarily on the part of the synesthetss; t
that they follow automatically, and synesthetes cannot ignore their percefynesthesia
is usually reported as being unidirectional, as in the example above of the number “4,” the
color orange would not trigger the automatic conception of “4.” Although synestasia
result from injury or from certain drug use, synesthesia in the senshithadearcher
intends is present in synesthetes for as long as the synesthetes can retgpitdiéy
reporting experiencing it from early childhood onward.

Synesthetic perception is idiosyncratic and varies greatly among syesesthe
Typically, for colored language synesthetes, every letter of the alphabetyary number
from 0-9 will possess a particular color. The colors are highly spediég;dare not simply

pure shades such as red, yellow, blue, or green — synesthetes describe theiyn in hig
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detailed shades — not blue, but azure blue. Synesthetes, although many of them share the
commonality of perceiving letters/numbers in color, often disagree on what ¢wors t
letters/numbers should be. For one synesthete, the number 7 may be an illumingted fores
green; another may report it as being a “lovely shade of dark copper.”

Synesthetes describe their experiences as being consistent @yerumbers and
letters do not change dramatically or at all in their perceived synestbkirs. A number of
experiments have tested comparisons between synesthetes and non-symesthetes
color/language associations, asking participants to “name the cologabsitvith a given
letter/word/number, and then re-administering the test at a later and unagthtiore Non-
synesthetes typically are less than 50% in their consistency, with lsstessiaintaining

consistency of reported colors at 90% or greater (Palmeri et al., 2002; £ahjli1899).

Forms of Synesthesia

No one knows for sure how many forms of synesthesia occur, and scientists and
artists alike have offered differing numbers of forms of synesthesia.[Z8a(2004) reports
that there are at least 39 forms of synesthesia, with colored languagéesiadsting the
most common form, with a 67.3% occurrence out of 695 synesthetes. Among other forms
cited are pain to color, sounds to color. Other kinds also include tastes inducingscolor, a
well as touch to color synesthesia. The synesthetic experience of color to sndumnefar
the most common experience reported by synesthetes overall (Day, 2004).

An example of an unusual form of synesthesia would be taste/shape synesthesia,
written about extensively by Cytowic in 1993 in his book “The Man Who Tasted Shapes.”
Cytowic worked with a subject who would experience the tactile experiencepafssina

response to shapes, revealing his synesthesia to Cytowic by commenting, diidret
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enough points on the chicken” (Cytowic, p. 3). This particular synesthete had experienced
shapes in response to taste for as long as he could remember, and would report various
tactile sensations such as “long, smooth, glass columns” in response to sonsetinath”
tasting, and would use his synesthetic experiences to help in his cooking (Cytowic).

Scientists often divide synesthesia into the two categories of eitheritissor
“projected,” with associative (internal) synesthetes far outnumberingcpyggexternal
synesthetes). Associative synesthesia is the synesthetic expéaidngeplace in the
“mind’s eye,” also termed “associative synesthesia” (Marks, 1973). on@e, a
synesthete that pairs a particular color with the letter “t” may viseigtie “t” in their minds
as having a particular shade of green. External synesthetes experianoerteptions as
external — in this case, the synesthete actually sees that particatasfagieen externally,
on the piece of paper on which the “t” is printed. External synesthetes reporhigrtbaf
the letters are black, and that their colored perceptions are not “real,” ypualothe
involuntarily project the colors and see them externally. Interestingljgqior synesthetes
typically report that what they see does not interfere with their understandiiabis real
and what is not real. They have no trouble in making that distinction, whereas,fgrlexa
people with schizophrenia cannot distinguish between what is real and what is ndtenreal w
they visualize experiences in their external environments that are not real.

People with one form of synesthesia often have another form as well. Day’s (2004)
tracking of forms of synesthesia indicates that over half of synesthétesneiform of
synesthesia have other forms. Most experimental attention examines catmedde

synesthesia, due to it being the most common form. Future studies would benefit by asking
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synesthetes questions to ascertain what various forms they may have amdnexather

forms besides colored language.

Frequency of Synesthesia
At present, there is no set definition of synesthesia, which makes accuratdesst
difficult. Estimates have ranged from as rare as 1:250,000 (Cytowic, 199@) rwote
frequently reported 1:2,000 in Baron-Cohen’s newspaper survey in 1996 to 1:200
(Ramachandran & Hubbard, 2003). As the definition of synesthesia broadens,tsaiglhtis
most likely find more cases of synesthesia. Recent studies estimateuialepce of

synesthesia to be at least 1% of the world population (Simner, 2005).

Etiology of Synesthesia
Developmental synesthesia is the most common form of synesthesia, expenenced b
the individuals since childhood, and the experiences remain stable over time. &jaesth
can also be acquired, due to injury or disease or a drug-induced state (pharmacological
synesthesia) (Grossenbacher & Lovelace, 2001) For the purposes of this study, the
researcher is concerned with, and is referring to developmental synesthesidiscussing

experimental intentions.

Synesthesia and Heredity
Among the studies conducted examining potential heredity of synesthesiasthere i
commonality among them strongly suggesting that synesthesia may bieajgretked
(Bailey & Johnson, 1997, Callejas, Smilek, Dixon, & Merikle, 2004; Cytowic, 1998pal
1883; Ramachandran & Hubbard, 2003). The majority of studies to date are in favor of a

dominant, X-linked genetic model in terms of heredity; the female-to-mads @i not
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reflect the expected numbers if the proportions of female and male syneathetesd

closely to the dominant X-linked model (Callejas et al., 2004). Historicallyales have

been reported to experience synesthesia at a much greater rate gswitlalreported

female to male ratios of 7.7:1 in a sample of 26 affected individuals (Bailey &alghasd

a female to male ratio of 4.3:1 in a sample of 300 synesthetes (CalldjasMoie

recently, however, a much more evenly divided ratio approximating 1:1 of synesthesia has
been implicated in research (Simner, 2005). Many researchers have spebatadachpling

of synesthetic participants has been gender-biased such that women nag hikely to

report synesthetic experiences.

The Learned Association Theory

This theory posed by Calkins in 1893 (as cited in Harrison & Baron-Cohen, 1997)
suggests that in colored-hearing synesthesia the colors perceivedsar af learned
associations. Harrison and Baron-Cohen, in their review of theories of symgsthes
presented some plausible arguments to dispute this theory. The authors calledsia que
the high ratio of female synesthetes to male synesthetes, for whictetlegssociation
Theory cannot account. Also, there is an observed trend in the colored alphabets of
synesthetes to describe colors for letters in close proximity to easmtwathin the alphabet,
and an examination of colored alphabet books does not reveal a similar trencdrHards
Baron-Cohen also cite heterogeneity in the synesthetic experiences dfisiraéwins,
arguing that twins experience similar learned associations growin@sity, they noted
that they had not encountered a synesthete who attributed their perceptionsetb lear

associations.

12



Cross-Wiring Theory

Ramachandran and Hubbard (2001a) proposed that some, if not all, forms of
synesthesia result from neural cross-wiring in specific brain argakated in synesthetic
perceptions. This theory argues for abnormal neural connections in the brainsstietgse
either through excessive proliferation, or through a failure to prune duringpgment
from infancy to adulthood. Ramachandran and Hubbard (2001a) discussed area V4 (a higher
visual area involved in color processing) and the language processing lactaane
located adjacently within the fusiform gyrus. Ramachandran and Hubbard arguscitnat
regions that are in closer proximity to one another stand a higher chaneéngf‘icaoss
wiring” between them and that cross wiring in the fusiform gyrus is proladly
neurological cause for most forms of synesthesia. Ramachandran and Hubbard (2001b)
pointed out that the most common forms of synesthesia involved languages and colors, and
as the correspondingly implicated brain areas are located adjacent toreachrgued a
strong case for cross-wiring theory.

In a study conducted in 2001 on two synesthetes, JC and ER, Ramachandran and
Hubbard (2001b) presented target graphemes to the participants in the centeeeh as
the researchers moved the target grapheme gradually outwards ramwdkd center focus
and into periphery of vision. Both subjects no longer saw the graphemes as “colored” at a
critical distance, with JC and ER being consistent in the distance ngdesgae colored
grapheme to become non-colored. Ramachandran and Hubbard (2001b) argued that if
synesthetic perceptions did indeed arise from memory associations, thentibe icthe
grapheme as stimulus should not affect the synesthetic experience of éntetestingly,
in this experiment, when researchers presented colored graphemes to JC arfteER in t

13



peripheral visual fields, they accurately named the colors. Given thaethefav4
emphasizes central color vision and has been implicated in colored languadlecsyacs

is particularly interesting that the synesthetic perceptions of JC and ERbeoessentially
removed by placing the stimulus (non-colored grapheme) farther awayteocenter of the
screen, whereas perception of colored graphemes was not affected (Ranaac&andr

Hubbard, 2001b).

14



CHAPTER 3

METHODOLOGY

Participants

| recruited participants with public advertising. | put fliers up in the Ear@ty

area. In addition, | recruited synesthetes at the American SynesAlsssiaation at the

University of Texas in Houston, from October 28th to October 31st, 2005 by handing out

fliers at the registration desk at the conference, as well as by woraudi it the

conference. All participants had self-reported normal or corrected-to-hasiua, hearing,

and touch, as assessed by standard measures. After being interviewegaptsticere

assigned to one of three groups: Synesthetes with colored concurrent$ietgsasithout

colored concurrents, and non-synesthetes (see Table 1.).

Table 1

Participant Demographics

Total (n) Female Male Ag&(SD) Age Range
Colored concurrents 11 9 2 40.7(14.0) 21-61
Non-colored concurrents 3 2 1 44.7(21.5) 21-63
Non-synesthetes 21 11 10 28.1(10.7) 19-61

15



Instruments

Vividness of Visual Mental Imagery

The Vividness of Visual Imagery Questionnaire (VVIQ) (Marks, 1973) (see
Appendix A) consists of four scenarios in which participants are asked to inzagine
consider before their mind’s eye, and then write down a number corresponding to their
subjective vividness of the image. There are a total of 16 questions in which a partipant i
asked to rate the vividness of the visual imagery that comes to their mind’s éyejthot
the eyes open and then with the eyes closed. An example of a question from the VVIQ
would be imagining a person the participant sees on a frequent basis, with thaimage
guestion being, “The exact contour of face, head, shoulders, and body.” The responses in the
VVIQ are made according to a 5-point scale: 1 — No image at all, you only ‘khatwau
are thinking of the object, 2 — Vague and dim, 3 — Moderately clear and vivid, 4 — Clear and
reasonably vivid, 5 — Perfectly clear and as vivid as normal vision. The total Bmoites
Vividness of Visual Imagery for each individual participant wereest,oadding the self-
reported scores for the “eyes open” and “eyes closed” scenarios of tleenl6-it
guestionnaire. Scores ranged from 16 to 80.

Previous research on the VVIQ has indicated that it is a valid and relialdenmea
vividness of mental imagery (LeBoutillier & Marks, 2001; McKelvie, 1995). lrudystn
which 263 participants were assessed with the VVIQ, split-half relialnbty .88, and test-

retest reliability was .74 (McKelvie, 1995).

Presence or Absence of Synesthesia
The NIMH-Naropa Synesthesia Screening Interview (Synesthesarg§ads used for

detecting synesthetic experiences and assessing strength of cosq@reassenbacher,
16



2004a). Participants were asked a series of questions by the researbhitie vasearcher
writing down the participants’ responses. Administration of the SynestBeean typically
requires one to two hours to complete (see Appendix B).

There are two forms of the Synesthesia Screen: Research and Clihisatudy
utilized the lengthier but more thorough research version, and the descriptiondidlaat f
pertain to this version. Four sections of primary screening questions were éhclude
Synesthetic Perception, Synesthetic Conception, Synattribution, and Knowledge of
Synesthesia. Synesthetic Perception consists of ten questions asking aboatisonsci
experiences of sensory phenomena triggered by sensory stimulation. Syn€xiheéption
consists of five questions asking about conscious experiences of sensory phenomena
triggered by conceptual thought or affective feeling. Synattribution certdisix questions
asking about conscious experience of non-sensory phenomena that are triggered by
something not otherwise described in the other primary screening sectionsedgewf
Synesthesia is intended to gauge the participants’ understanding of andritgmiith the
term synesthesia.

The four sections all begin with primary questions, or questions that ask for'a “yes
or “no” response to whether the participant has ever had the experience deschibed in t
primary question. If the participant answered “yes,” then probe questicassled. The
researcher then asked for at least two specific examples from thépattia which the
participant may have been describing inducers and concurrents indicatwestihesia.

If the researcher determined that the examples were indicative oflmgiash
series of additional parametric questions were then asked. The paramesticngue
involved how early the participant could remember having had such experienceshahen t

17



most recent time was that they had the experience, and so on. An example of &iparame
guestion is, “What is the youngest age at which you are pretty surettiiet kad colors?”
Parametric questions also asked about frequency, vividness over time inithegoaid life

of the experiences, and potential moderating influences on synesthetic ogxerie

In the current study, we focused on the parametric question asking about vividness of
the most recent synesthetic experiences, with the vividness rated on a 7iigdale.

An example of this question in an interview would be: “During your most recent
experiences of letters having colors, how vivid was the most vivid color you exgelfenc
Use a scale from 1 to 7, 1 is no color sensation at all, you only have the idea of itsSeven i
as distinct and clear as you have ever experienced in any circumstance.”

The Synesthesia Screen Manual (Grossenbacher, 2004b) delineategtiacfaria
positive diagnosis of synesthesia. First, the participant had to resposititbyae primary
guestion asking about a class of inducers. After such a response, the followiiney routsr
have been met: (1) There must be more than one inducer in the inducer set, such as the color
forest green in response to both the numbers 3 and 6; (2) At least two differenteraiscurr
in response to two distinct inducers; (3) Concurrent attributes did not coherbg(4) T
inducer-concurrent mapping was not something commonly experienced, suclingsbieel
or shuddering in response to the sound of fingernails on a chalkboard. Meeting ttee criteri
just described is sufficient to provide a positive diagnosis for synesthesia.

If the form of synesthesia involved colored concurrents in response to inducers, the
synesthesia was categorized as being with colored concurrents. Ifrtheffsynesthesia

involved concurrents perceived outwardly, the synesthete was categorizethgslternal
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synesthesia. If the concurrents were perceived inwardly, or in the “miyel’stee

synesthete was categorized as having internal synesthesia.

Color Discrimination Ability

The Farnsworth Munsell 100 Hue test (FM100) is commonly used in determining
color vision abnormalities and testing color discrimination abilities (Dain, 200¢heldr &
Sahraie, 2002). By the elimination and replacement in a series of Munsedl, edhich
originally consisted of 100 Munsell hues, 85 hues were used to comprise the FM100 test
(Dain, 2004). The hue differences among these 85 hues are equivalent to each extfmar in t
of being noticeable by people with normal color vision. Each hue color maps onto a
particular position in Farnsworth Munsell color space, as depicted in the Faimswor
Uniform Chromaticity Scale Diagram. In this circular diagram, ediséances on this
diagram represent equal differences of color to the normal eye. Thiemosif colors in
this diagram begin at the top of the circular diagram, with a red hue beiggeasthe
numeric value of 1, and then proceeding counter-clockwise to yellow, green (at the bottom
of the diagram, with the midrange of 42 on the green portion of the test), blue, and purple
before returning to the top of the circle, with the value of 85 near the top of thercircula
diagram preceding the number 1.

The FM100 test consists of four separate rectangular trays, each bfoshiains a
linear array of colored plastic caps. The 22 hues in the first tray (8542d¢ from red-
yellow to yellow-green, the 21 hues in the second tray (22-42) yellow-greeseio-blue,
the 21 hues in the third tray (43-63) green-blue to blue-purple, the 21 hues in therégurth t
(64-84) blue-purple to purple-red. The color caps have the same chromaiicitslae,

with equal incremental hue variation on the top side of the caps, and are numbered on the
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bottom side. The numbers on the bottom sides of the color caps correspond to the numbers
of the hues in Farnsworth Munsell color space as described above.

At the start of the task, all but the two end caps were lined up outside of the tray in
pseudorandom order. Individuals taking the test were asked to place the caps baek into t
tray in order of hue. In addition, the trays were presented to the participants
pseudorandom order.

To provide a standard broad-spectrum light source, artificial daylight was pravitkethe
Graphic Technology Incorporated Color Matcher D65 lamps installed in a Graphic
Technology Mini-Matcher light box 1E.

The FM100 test analysis software provided by GretagMacbeth, Inc. produeéd Tot
Error Scores (TES) for each participant. The researcher enteredtibhip@ats’ order of the
color caps, and the software generated an error score reflective of therrafrtotal errors.

The FM100 test Total Error Scores placed an individual into one of three categaadsr of
discrimination ability: Superior (TES 16), Average (2& TES< 100), and Low (TES >

100) (Dain, 2004; Kinnear & Sahraie, 2002). About 16% of the population is assigned to the
range of the Superior category, 68% to the Average category, and 16% tatategory

(Dain, 2004).

The FM100 test has been found to be a reliable and valid test for detecting color
vision deficiencies (FM Scoring Software, 1976; Seshadri, Christenson, Laksayainan
& Bassi, 2005). In a study with 60 participants, 30 with congenital red-green defiaiedc
30 with normal color vision, the FM100 test had a coefficient of agreement of 0.83 with the
Nagel anomaloscope, and a 100% and 83.33% rates of sensitivity and specificity,
respectively (Seshadri et al.). The FM100 test has been reported to bairecteist
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reliability of .83 in a sample of 300 participants, ranging in age from 15 to 45 years. An
average reduction of 30% in Total Error Scores was observed between the fiest@md s

administration of the test.

Presence of Color Blindness

In addition to asking participants if they had any color vision deficiencies, the
Ishihara Test was used to screen for color blindness. Originally published inH®06, t
Ishihara Test is considered the “gold standard” for fast identification ajressh color
deficiency (Birch, 1997; Dain, 2004) (the most common form of color deficiency, ¢éstima
to affect approximately 5% of the population) (Spaulding, 2004). The Ishihacessts
of plates with numbers embedded in circles of isoluminant colored dots of varyiag size
Individuals taking the test are presented the plates one at a time andedrtoaskme the
numbers embedded within the plates. Studies have indicated that the Ishiham test ha
sensitivities and specificities ranging from .85 to .95 (Birch, 1997; Dain, 2004ixipants
with one or more errors on this test would have completed the FM100 test to be consistent
with testing procedures and to double-check for color deficiency, but would have been
excluded from the FM100 test data analyses. However, no participants hatbanprethe

Ishihara Test.

Procedures
Testing was conducted on an individual basis in a quiet room at both sites. In the
Sensory and Cognitive Neuroscience Laboratory in the Department of Psycabtbg

University of Missouri - Kansas City, all testing was done in a sound- amteglitpnuating
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chamber. In Houston, Texas, all testing was done in a hotel room on the premises of the
University of Texas Medical Center.

Upon arrival, the researcher asked the participant to read and signramethfo
consent form. The researcher explained the study and answered ary geestions at that
time. The participants were given a short survey requesting demographncahésr such
as sex, age, and handedness (see Appendix C). Each participant was assigned a
identification number on the demographics form that was used to identify thépaautsoon
the remaining tests.

Upon completion of the informed consent form and demographic survey, the
participants were then administered the Ishihara test by the reseéleki participants
were seated comfortably in front of the light box. Participants were thearjesl with the
FM100 test and were asked to sort the color reference caps as described previously.
Administration of the FM100 test was conducted according to the instructions in the FM100
test Scoring Software. Upon completion of the FM100 test, participants were then
administered the VVIQ self-reporting their answers to the questioniaeaesearcher
then administered the Synesthesia Screen (see Appendix B) to the parasipaeviously
described. Each testing session lasted between one and two hours. At the endypétedti
participant was thoroughly debriefed, including another summary of thgsfudpose, an

explanation of the measures, and a brief description of the hypotheses beihg test

Data Analysis
An Analysis of Variance (ANOVA) was conducted with synesthetes withred|
concurrents, synesthetes without colored concurrents, and non-synesthetetsax the

independent variable and Total Error Scores on the FM100 test as the dependent variable.
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A two-way mixed ANOVA was conducted on the VVIQ total scores with the
imagery condition of eyes open or eyes closed as the within-subjects factortasplaoer
category of synesthetes with colored concurrents, synesthetes witfaeticabncurrents,
and non-synesthetes as the between-subjects factor, with overall VVIQ asdhe
dependent variable. In addition, a one-way ANOVA was conducted with participant
category of synesthetes with colored concurrents, synesthetes witfaeticabncurrents,
and non-synesthetes as the between-subjects factor, with overall VVI®Q sndtes color
subscale of the VVIQ as the dependent variable. Among synesthetes widdcolor
concurrents, a logistical regression was conducted, with the selfedpomcurrent
vividness from the Synesthesia Screen as the predictor, and strength of thessigmbres
on the color subscale of the VVIQ. Lastly, one-tailed t-tests were condoatedthpare
external and internal synesthetes on their overall VVIQ and vividness ratitigsrof
concurrents as reported on the Synesthesia Screen.

All statistical tests were conducted using SPSS with the alpha valugrfdicance
set at .05. If significant differences were found, post hoc testing was ¢eddo@scertain
the source(s) of the differences. To control for the effects of experimeatewor rates,

Bonferroni tests were used (Tabachnick & Fidell, 2001).
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CHAPTER 4

RESULTS

Synesthetes scored slightly higher on overall VVIQ scores, but this diffenesce

not significant. An independent samples t-test revealed no significaredités between

synesthetes and nonsynesthetes and overall VVIQ scores [t (34) = -1.46, p=.16blsee Ta

2).

Table 2

Vividness of Visual Imagery Questionnaire Total Scores

Total (n) VVIQ ScoreM(SD) Score Ranges
Synesthetes 14 121.4(15.1) 63-141
Non-synesthetes 21 113.7(14.19) 53-142

Note Synesthetes in this table refer to both synesthetes with and without colored
concurrents.

Synesthetes with colored synesthetic experiences did not report strongeessvof
visual imagery compared to non-synesthetes and synesthetes without colmna@uents on
the color subscale of the Vividness of Visual Imagery Questionairandependent

samples t-test revealed no significant differences between sytessthth colored

concurrents and participants without colored concurrents and the color subscale\diQhe V

[t(34) = 0.50, p=.62] (see Table 3).
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Table 3

Colored Concurrents and VVIQ Color Subscale Scores

Total (n) Color Subscale Score Ranges
M(SD)
Colored concurrents 11 59.0(7.8) 46-70
No colored concurrents 24 57.6(7.7) 28-74

Note “No colored concurrents” in this table refer to both non-synesthetes and siggsthe
without colored concurrents.

Among synesthetes with colored concurrents, the vividness ratings of the comscurrent
from the Synesthesia Screévt € 6.0,SD= 1.5,R = 4) failed to correlate significantly with
the strength of vividness ratings on the color subscale of the Vividness of Visgsrly
Questionnaire. A Pearson Correlation indicated no significant relationshipdrethe
vividness ratings of the concurrents from the Synesthesia Screen and stresgtnets
ratings on the color subscale of the VVIQ=(.15,p = .67).

Synesthetes with external concurremts: @) did not report stronger vividness
ratings of their concurrents from the Synesthesia screen than synesittetes external
concurrentsr{= 10). An independent samples t-test revealed no significant differences
between synesthetes with external concurrévits 6.75,SD= 0.50,R = 1) and without
external concurrentd = 5.78,SD= 1.56,R = 4) on vividness ratings of their concurrents
from the Synesthesia Screen [t(13) =-.68, p = 0.12].

Synesthetes with external concurrents reported slightly lower vividness of visual

imagery as compared to synesthetes without external concurrents. Amideleippgamples
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t-test revealed no significant differences between synesthetescé@tha concurrentd| =
117.25,SD= 15.96,R = 39) and without external concurrent4 £ 123.50SD= 15.22R=
78) on overall VVIQ scores [t(13) = 0.66, p=.52].

Synesthetes with colored concurrents scored significantly lower thansstesst
without colored concurrents and non-synesthetes on the FM 100 test in TES scores. A One
Way ANOVA indicated a significant difference between groups on the FM 10-(828)
= 2.67, p =.03], with participants with colored concurrents having lower TES stbres (
20.40,SD = 11.23) than synesthetes without colored concurréhts 34.00,SD = 8.49) and

participants without synesthesi € 34.63,SD = 18.14) (See Figure 1).
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Figure 1. FM100 Hue Total Error Scores
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CHAPTER 5

DISCUSSION

Overall, no significant results were found regarding vividness of visual imagedry
synesthesia. Although synesthetes scored slightly higher than non-syesestigerding
overall vividness of visual imagery, this difference failed to reach signitcdtesults of a
power analysis indicated that, with a sample size of 88 participants, the treymesthetes
reporting greater vividness of visual imagery would have reached signédieartice .05
level. It is possible that differences in vividness of visual imagery leetwgnesthetes and
non-synesthetes are present, but a greater sample size is needed in ordegltalfiad
differences.

No significant results were found when examining synesthetes with colored
concurrents compared to synesthetes without colored concurrents with respecdnesgivi
of visual imagery when visualizing colors. Within an already modest samaplelsere were
few synesthetes without colored concurrents to compare to synesthetes wit color
concurrents. A greater sample size would help to further explore whether suadizivig
color differences may be found with respect to presence or absence of colorexasaarr
synesthetic experiences.

In addition, no significant correlation was found between vividness of colored
concurrents and vividness ratings of visualizing colors. Given that most synesitteta

asked to rate their vividness of colored concurrents, reported the highest ortsecond-
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highest ranking on a Likert scale, this may reflect a limited amount obuéyian data in
addition to a limited sample size.

Synesthetes with external concurrents did not report stronger overall vividness of
visual imagery or stronger vividness of their concurrents when compared tcheyegstith
internal concurrents. Although the rationale was that external concurregftslbaimore
vivid in nature than internal concurrents, it is possible that external or “projected”
synesthesia does not affect vividness of visual imagery differentially. Ad above, this
experiment was limited in number of synesthetes, especially when groupediragtor
location of concurrents.

Synesthetes with colored concurrents made significantly fewer errorse &iviti00
test than synesthetes without colored concurrents and non-synestheteslidsqriey
demonstrated better color discrimination ability on this standard color disation task.
Since color discrimination ability declines with age beginning around the &gk tife
synesthetes with colored concurrents in this experiment would have been predicted to
perform significantly worse than the synesthetes without colored concumeint®a-
synesthetes, given that the color synesthetes were approximatebatsrolder as a group
(Mantyjarvi, 2001). However, the synesthetes with colored concurrents still deateds
better color discrimination ability when compared with the other two groups.

Synesthetes with colored concurrents, experienced automatically and ahea reg
basis, whether in the mind’s eye or external, may involuntarily have moraenqeewith
fine shades of color. There have been many reports of synesthetes beirgti@iiapin
their descriptions of their colored concurrents — for example, not simply “blue&bute'
blue, with a greenish tint to it” for an inducer. Perhaps this extra experiéthceolor
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accompanying the sensory experience of synesthesia with colored cotscprovides for
better color discrimination in the veridical domain.

As mentioned previously, “Experienced” color discriminators (those working in
occupations where they were expected to work with colors on a daily basis) had
significantly better color discrimination as compared to the remaininigiparits in the FM
100 normative sample (FM Scoring Software, 1976). In addition, Hubbard (2007) recently
reported findings indicating more activity in the color-processing afethe brain in
synesthetes when compared with non-synesthetes during neuroimaging.

As previously discussed, much research in recent years has focused upon addressing
the questions of what synesthesia may involve in terms of synesthetic experimertditle
research has explored potential effects of synesthesia in the veridicahdéittaaugh this
experiment did not find significant differences in reported vividness of visugkima
between synesthetes and non-synesthetes, a striking difference wasfoolod |
discrimination ability. The experiment here is, to my knowledge, one of thatlieshpts to
examine how synesthesia may affect non-sensory synesthetic agpeAs researchers
continue to explore the perceptual and sensory phenomena of synesthesia, thsy will a
benefit from examining how this sensory ability may also influence othesyrsthetic

sensory experiences of synesthetes.
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APPENDIX A

VIVIDNESS OF VISUAL IMAGERY QUESTIONNAIRE (VVIQ) (Marks 1973)

Rating Description
1 ‘Noimage at all, you only “know” that you are thinking of the object’
2 ‘Vague and dim’
3 ‘Moderately clear and vivid’
4  ‘Clear and reasonably vivid’
5 ‘Perfectly clear and as vivid as normal vision’

For items 1-4, think of some relative or friend whom you frequently see (but wlob wgth
you at present) and consider carefully the picture that comes before your eyied’s

Eyes Open  Eyes Closed

1. The exact contour of face, head, shoulders, and body.

2. Characteristic poses of head, attitudes of body, etc.

3. The precise carriage, length of step, etc., in walking.

4. The different colors worn in some familiar clothes.

Visualize a rising sun. Consider carefully the picture that comes beforenyond’s eye.
Eyes Open  Eyes Closed

5. The sun is rising above the horizon into a hazy sky.

6. The sky clears and surrounds the sun with blueness.

7. Clouds. A storm blows up, with flashes of lightning.

8. A rainbow appears.

Think of the front of a shop, which you often go to. Consider the picture that comes before
your mind’s eye.

Eyes Open  Eyes Closed

9. The overall appearance of the shop from the opposite
side of the road
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10. A window display including colors, shapes and details

of individual items for sale.

11. You are near the entrance. The color, shape and details

of individual items for sale.

12. You enter the shop and go to the counter. The counter

assistant serves you. Money changes hands.
Finally, think of a country scene, which involves trees, mountains and a lake.
Consider the picture that comes before your mind’s eye.
Eyes Open  Eyes Closed

13. The contours of the landscape.

14. The color and shape of the trees.

15. The color and shape of the lake.

16. A strong wind blows on the trees and on the lake,

causing waves.

------------------------------------ Stop Here ------— -
(This portion for the researcher’s use)
Eyes Open
Eyes Closed

TOTAL (add all items):

Shape only (add items 1, 2, 5, 9, 10, 11, 13, 14, & 15):
Color only (add items 4, 5, 6, 8, 10, 11, 14, & 15):
Movement only (add items 3, 7, 12, & 16):
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APPENDIX B

NIMH-NAROPA SYNESTHESIA SCREEN INTERVIEW (RESEARCH VER3N)
Naropa University Consciousness Laborat@y?2004 Peter Grossenbacher)

Screen Session Logged: Data Entered:

Staff Inits: Today’s Date (m/d/y): / /
Start Time: End Time: MinutesTotal:
First: Last:

Participant ID#:

Participant Age: Participant Sex:

Interview Medium: telephone in-person (circle one)

Section I: Synesthetic Perception

Sometimes, something experienced in one of the five senses triggers extra
sensations in another sense. Here is an example to give you an idea of how this
could work. Suppose when you touch something hard like concrete, you get the
smell of vanilla , or when you touch something soft like cotton, you get the taste of
salt.

To find out if you’ve had any such experience ever in your life, I'm going to go
through a series of Yes-or-No questions. Say “Yes” if it seems clear to you that you
have had the experience in question, otherwise say “No.” If nothing comes to mind
within a few seconds, we will go on to the next question. If you are unsure how to
answer any question, please say so.

If at any time something comes up in response to an earlier question, then tell
me right away. Also, let me know if you don’t understand something.

I will be taking notes, and may pause from time to time as my writing catches
up. Do you have any questions, or shall we get started?

32



Details Noted

S1.

Has any sense other than your sense of hearing ever produced
an experience of hearing anything?

Yes

No

S2.

Has any sense other than your sense of sight ever produced an
experience of seeing anything?

Yes

No

S3.

Has any sense other than your sense of smell ever produced an
experience of smelling anything?

Yes

No

S4.

Has any sense other than your sense of touch ever produced an
experience of touching anything or feeling a skin sensation?

Yes

No

S5.

Has any sense other than your sense of bodily position ever
produced an experience of feeling a particular body position or
movement , such as arms out or waist bending, even if you are
not in that posture or movement?

Yes

No

S6.

Has any sense other than your sense of taste ever produced an
experience of tasting anything?

Yes

No

S7.

Has being startled ever had location, shape, color, texture,
movement, weight, sound, smell, taste, or any other sensation?

Yes

No

S8.

Have shapes, shades of gray, colors, or anything that you see
ever had location, shape, color, texture, movement, or any other
sensation other than how they’re printed?

Yes

No

S9.

Have numbers that you see or hear ever had location, shape,
color, texture, movement, weight, sound, smell, taste, or any
other sensation other than how they're printed?

Yes

No

S10.

Have letters of the alphabet or words that you see or hear ever
had location, shape, color, texture, movement, weight, sound,
smell, taste, or any other sensation other than how they’re
printed?

Yes

No

S11.

Have you ever experienced anything similar to what we have
been talking about so far that has not been mentioned yet?

Yes

No

TimeCheck: MinutesElapsedDuringSynestheticPerception:
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Section II: Synesthetic Conception

Sometimes, an idea or concept triggers a sensory experience, or sensation.
The thought and the sensation go together, so when you have the thought, the
sensation happens with it. Sensations may include location, shape, color, texture,
movement, weight, sound, smell, taste, etc.

Here is an example to give you an idea of how this could work. Suppose you
hear a high-pitched sound whenever you think about wealth, or thinking about
infinity produces a skin sensation on your left ankle

To find out if you’ve had any such experience ever in your life, I'm going to go
through a series of Yes-or-No questions. Say “Yes” if it seems clear to you that you
have had the experience in question, otherwise say “No.” If nothing comes to mind
within a few seconds, we will go on to the next question. If you are unsure how to
answer any question, please say so.

If at any time something comes up in response to an earlier question, then tell
me right away. Also, let me know if you don’t understand something. OK?

Details Noted

C1. When thinking about numbers in any context, have they ever Yes No
had location, shape, color, texture, movement, weight, sound,
smell, taste, or any other sensation?

C2. When you have felt any emotion , has that ever had location, Yes No
shape, color, texture, movement, weight, sound, smell, taste, or
any other sensation?

C3. When thinking about any periods of time , such as minutes, Yes No
hours, days, weeks, months, seasons, years, or periods of
history, etc., have they ever had location, shape, color, texture,
movement, weight, sound, smell, taste, or any other sensation?

C4. When thinking about places or geographic locations , have Yes No
they ever had shape, color, texture, movement, weight, sound,
smell, taste, or any other sensation?

C5. Have you ever experienced anything similar to what we have Yes No
been talking about that has not been mentioned yet?

TimeCheck: MinutesElapsedDuringSynestheticConception:
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Section Ill: Synattribution

Sometimes, an experience includes a sensed quality. The experience and the
sensed quality go together, so when you have the experience, the sensed quality
happens with it. Sensed qualities may include personality, gender, age, evenness or
oddness, atmosphere, et cetera.

Here is an example to give you an idea of how this could work. Suppose you
experience the number 5 as mean, or the color red produces a sense of evenness.

To find out if you've had any such experience ever in your life, I'm going to go
through a series of Yes-or-No questions. Say “Yes” if it seems clear to you that you
have had the experience in question, otherwise say “No.” If nothing comes to mind
within a few seconds, we will go on to the next question. If you are unsure how to
answer any guestion, please say so.

If at any time something comes up in response to an earlier question, then tell
me right away. Also, let me know if you don’t understand something. OK?

Details Noted

N1. Have you ever experienced a personality characteristic or Yes No
attitude as part of something other than a person or other being?

N2. Have you ever experienced gender, such as male or female, as | Yes No
part of something other than a person or other being?

N3. Have you ever experienced evenness or oddness as part of Yes No
something other than a number or numeric quantity?

N4. Have you ever experienced youth, elderliness, or any age as Yes No
part of something other than someone or some thing that
actually has age?

N5. Have you ever experienced mood or emotion as part of Yes No
something that does not actually have mood or emotion?

N6. Have you ever experienced anything similar to what we have Yes No
been talking about that has not been mentioned yet?

TimeCheck: MinutesElapsedDuringSynattribution:
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Section IV: Knowledge

Verbal Response

K1. Have you ever heard of “synesthesia?” “Yes” “No”
{If has heard:} K2. Do you know what synesthesia is? “Yes” “No”

{If does_know:} K3. In your own words, what is synesthesia?

{If does_know:} K4. Have you ever experienced “Yes” “No” Unsure
synesthesia?

{If Yes or Unsure, that is, possibly has experienced _ synesthesia:}

K5. What kinds of synesthesia have you experienced?

{If mentions any form not already discussed: Ask se condary questions.}

K6. It is important that we have not missed anything or “Yes” “No”
gotten something wrong. So is there anything you'd like to
go over again?

End Time:
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Secondary Questions: Examples, Inducers, and Concur rent Attributes

{Example 1:} Please give me an example. {Example 2:} Please give me another
example.

{>> If has mentioned only a partial subset of akno  wn inducer set, ask until answer is no: }
{Inducers:} Have any [known inducers] other than [mentioned inducers] had
concurrent]?

{>> Ask until answer is no: }
{More Concurrent Attributes:} Have [inducers] ever had anything besides
concurrent]?

Parametric Questions

A. {Locus:} With [inducers] having [concurrent attribute], where have you experienced
the [concurrent attribute]?

B. {Age:} How old were you when [inducers] first had [concurrent]?

C. {Cause:} Do you know of any event that may have caused [inducers] to have
concurrent]?

{if Yes:} D*. What may have caused [inducers] to have [concurrent]?

E. {Recent:} How long ago was the most recent time that [inducers] had
[concurrent]?

F. {Condition (Med & Spec):} With [inducers] having [concurrent], has that
happened only in specific circumstances, such as having taken a drug or
medication, or while in any particular state of mind?

{if Yes:} G*. What are the specific circumstances?
H. {Count:} How many times in your life have [inducers] had [concurrent]?

{if count >2 & <5:} I*. How old were you each time [inducers] had
concurrent]?

{if count > 4:} J. {Stop:} Have [inducers] ever stopped having [concurrent]
condition}?

{if Yes:} K. {stopAge:} How old were you when [inducers] first no longer had
[concurrent] {condition}?

{if Yes:} L. {stopDur:} For how long had [inducers] stopped having [concurrent]
condition}?

{if Yes:} M. {stopWhy:} Do you have any idea why [inducers] stopped having
concurrent]?

37



{if count > 4:} N. {absFreq:} During your most recent experiences of [inducers]
having [concurrent], how many times per day or month or other time period was
there [concurrent]?

{if count > 4:} O. {relFreq:} During your most recent experiences of [inducers]
having [concurrent], in those instances of [perceiving] [inducers] {condition},
what percent of the time was there [concurrent]?

{if count > 4:} P. {MoreFreq:} Was there ever a time in your life when, for
those occasions that you [perceived] [inducers] {condition}, they had
[concurrent] more than during your most recent experiences of [inducers]
having [concurrent]?

{if Yes:} Q. {+age:} How old were you when, for those occasions that you
[perceived] [inducers] {condition}, they had [concurrent] the most?

{if Yes:} R. {+freq:} Back then, when you [perceived] [inducers]
{condition}, what percent of the time was there [concurrent]?

{if count > 4 & never stopped:} S. {less:} Was there ever a time in your life
when, for those occasions that you [perceived] [inducers], they had
[concurrent] less than during your most recent experiences of [inducers]
having [concurrent]?

{if Yes:} T.{-age:} How old were you when, for those occasions that you
[perceived] [inducers], they had [concurrent] {condition} the least?

{if Yes:} U. {-freq:} Back then, when you [perceived] [inducers], what
percent of the time was there [concurrent]?

V. {Vivid:} During your most recent experiences of [inducers] having [concurrent],
how vivid was the most vivid [concurrent] you experienced? Use a scale from 1 to
7, 1 is no [concurrent] sensation at all, you only have the idea of it. 7 is [concurrent]
as distinct and clear as you have ever experienced in any circumstance.

W. {MoreVivid:} Was there ever a time in your life when [inducers] had [concurrent]
more vivid than during your most recent experiences of [inducers] having
[concurrent]?

{if Yes:} X. {+age:} How old were you when [inducers] had the most vivid
concurrent]?

{if Yes:} Y. {+viv:} Back then, when you [perceived] [inducers], how vivid was
the most vivid [concurrent] you experienced? Use a scale from 1to 7, 1 is no
[concurrent] sensation at all, you only have the idea of it. 7 is [concurrent] as
distinct and clear as you have ever experienced in any circumstance.

Z. {Purpose:} With [inducers] having [concurrent], has that happened only on

purpose? Or did you ever not mean for [inducers] to have [concurrent] but they did
anyway?
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AA. {Prefer:} On a scale of 1 to 7, would you prefer that [inducers] have
[concurrent], or not? 1 is strongly preferring that [inducers] not have [concurrent], 7

is strongly preferring that [inducers] do have [concurrent], 4 is no preference either
way.

{>> Ask until answer is no: }

AB. {Other:} Is there anything else important about [inducers] having [concurrent] that
has not been mentioned yet?
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APPENDIX C
SCNL DEMOGRAPHICS FORM
Subject ID #:

Pl/ Resear ch Assistant | nitials:

SCNL Demographics Form

Date (mo/day/yr): / / Time:

Age

Sex: MALE FEMALE

Left-handed, ambidextrous, or right-handed? LEFT  AMBI.

5 Minute Hearing Test Score

Vision Test Score

Study Name

RIGHT
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