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Abstract

Consistency of synesthetic associations over time is a widely used test of synesthesia. Since
many studies suggest that consistency is not a completely reliable feature, we compared the
consistency and strength of synesthetes’ grapheme-color associations. Consistency was measured
by scores on the Synesthesia Battery and by the Euclidean distance in color space for the

specific graphemes tested for each participant. Strength was measured by congruency magnitudes
on the Implicit Association Test. The strength of associations was substantially greater for
synesthetes than non-synesthetes, suggesting that this is a novel, objective marker of synesthesia.
Although, intuitively, strong associations should also be consistent, consistency and strength were
uncorrelated, indicating that they are likely independent, at least for grapheme-color synesthesia.
These findings have implications for our understanding of synesthesia and for estimates of its
prevalence since synesthetes who experience strong, but inconsistent, associations may not be
identified by tests that focus solely on consistency.
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1. INTRODUCTION

Synesthesia is a phenomenon in which ordinary stimuli, such as visual letters or

auditory tones (“inducers’), elicit involuntary and unrelated secondary experiences, such

as colors or shapes (‘concurrents’: Novich et al., 2011; Simner, 2012; Ward, 2013).

These synesthetic associations have several diagnostic characteristics: for example they are
normally considered to be unidirectional (but see Weiss et al., 2008; Gebuis et al. 2009,
2009a; Shalgi & Foxe, 2009) in addition to being involuntary, and they are consistent over
time. Consistency has been described as the ‘hallmark’ of synesthesia (Akiva-Kabiri et

al., 2014; Ovalle Fresa & Rothen, 2019) and tests of consistency are considered the ‘gold
standard’ (Carmichael et al., 2015; Ovalle Fresa & Rothen, 2019) in determining whether
an individual is synesthetic or not. Tests of consistency are employed in instruments that
examine multiple kinds of synesthesia, for example, the Test of Genuineness (Revised:
TOG-R, Asher et al., 2006), and the online Synesthesia Battery (SB: Eagleman et al., 2007;
Carmichael et al., 2015) as well as instruments that only test a single kind, for example,
pitch-space (Linkovski et al., 2012), timbre-color (Menoulti et al., 2015), sequence-space
(Rothen et al., 2016), and lexical-gustatory (Ipser et al., 2020) synesthesia. Such instruments
have tested consistency in both the short term, over approximately 30 minutes to several
hours (Eagleman et al., 2007; Menouti et al., 2015; Rothen et al., 2016; Ipser et al., 2020),
and the long term, over months to years (Asher et al., 2006; Linkovski et al., 2012) or even
decades (Simner & Logie, 2007).

However, despite its ubiquity in tests for synesthesia, whether consistency is truly a central
feature has been questioned (Simner, 2012; Eagleman, 2012). Synesthetic associations are
known to be variable during childhood although they are mostly settled by age 10 (Simner
& Bain, 2013). But they may also vary during adulthood (Niccolai et al., 2012, Meier et
al., 2014; Simner et al., 2017; Chromy et al., 2019), and even according to mood (Kay

et al., 2015). Both short-term (i.e., within-test) and long-term (i.e., test-retest) consistency
may vary radically over the course of approximately 18 months during adulthood (Chromy
et al., 2019). The changes in associations are many and various: the range of synesthetic
experiences of an individual can expand to involve a different category of inducers for the
same concurrent or vice versa and the self-rated intensity of the concurrent experience can
increase or decrease (Niccolai et al., 2012). In grapheme-color synesthesia, the number of
graphemes with color associations may increase or decrease (Niccolai et al., 2012; Chromy
et al., 2019) and there can be radical changes in the color associated with a grapheme,

e.g., from ‘light salmon’ to ‘dark sea green’ or from gray to red (Niccolai et al., 2012;
Chromy et al., 2019). In addition, bright colors (but not necessarily brightness itself) may
be less frequently experienced with age with darker, more subdued colors occurring more
commonly (Meier et al., 2014). Luminance and saturation decrease with increasing negative
mood and anxiety (Kay et al., 2015) and with age (Simner et al., 2017). (Note that a

recent study of both Latin alphanumeric graphemes and Japanese characters suggests that
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consistency may be stable over both the short term (1-10 months) and long term (5-8 years)
but varied with the rated familiarity of the grapheme in that less familiar graphemes were
also less consistent over both the short- and long-term [Uno et al., 2021]).

The unreliability of consistency as a marker for synesthesia has important implications

for our phenomenological understanding of synesthesia and its identification. The fact

that synesthetic color associations desaturate over time means that many older grapheme-
color synesthetes may fail the consistency test (Simner et al., 2017) and there may be
individuals who, while definitely having specific color associations for particular graphemes,
nonetheless experience different colors at different times and thus exhibit low consistency
(Simner, 2012). Thus, it is valuable to examine other potential characteristics of synesthesia,
such as the strength of associations, in addition to their consistency. Association strength
has been studied in relation to the crossmodal correspondence between auditory pitch and
visual shape using a statistical learning paradigm (Chan & Dyson, 2015), but that study

did not test synesthetes. In a case study of a grapheme-color synesthete, Hubbard et al.
(2006) assessed association strength by asking the synesthete to rate it on a Likert scale,

but this method is subjective. Here, we investigated both the strength and consistency of
associations in grapheme-color synesthesia. We used the Implicit Association Test (IAT:
Greenwald et al., 1998) to provide an objective measure of strength. Consistency was
evaluated using scores on the Synesthesia Battery (SB: Eagleman et al., 2007), which
reflect the variability of the colors selected to match graphemes on three trials separated

in time, and an analogous measure, the Euclidean distance between coordinates in RGB
color space for the colors chosen on those repeated trials. The IAT has previously been

used to examine crossmodal correspondences (Parise & Spence, 2012; Anikin & Johansson,
2019) and the universal color-shape associations proposed by the artist Kandinsky (Makin
& Wuerger, 2013). We have previously used the IAT to compare synesthetes to non-
synesthetes in their processing of crossmodal correspondences (Lacey et al., 2016) but,

to our knowledge, the present study is the first to use the IAT to examine the strength

of synesthetic associations. Intuitively, one might reason that consistency should arise

from strong synesthetic associations and therefore that strength and consistency would be
significantly positively correlated. Alternatively, consistency and strength of association may
reflect different aspects of synesthetic correspondences and therefore may be weakly or not
correlated.

2. MATERIALS & METHODS

2.1 Participants

Thirty-six people (6 males, 30 females; mean age 21 years) took part in this study: 18
synesthetes (identified based on their SB scores, see below) and 18 age- and gender-matched
non-synesthetic controls (3 males, 15 females in each group; mean age: synesthetes 21 years
4 months, non-synesthetes, 20 years 11 months; the ages did not differ significantly [t34 =
A4, p =.7]). All participants gave informed consent and were compensated for their time. All
procedures were approved by the Emory University Institutional Review Board.

During data collection, the SB was offline while being transferred to a new server and
some participants performed a substitute task (detailed below) and only completed the SB
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later. One synesthete who did the substitute task did not complete the SB. We also had
technical difficulty accessing SB data for one other synesthete; for this person, we were able
to ascertain only their different synesthesias and their grapheme-color SB score.

For participants with sufficient SB data, SB scores confirmed that all 17 synesthetic
participants experienced grapheme-color synesthesia. Grapheme-color synesthesia was the
only (1) or primary (8) synesthesia for 9 of these synesthetes by reference to their SB

scores (it remains possible that their actual primary synesthesia was one not tested by

the SB). Sixteen synesthetes reported that they experienced at least one other synesthesia,
including one who reported color associations for Greek alphabet graphemes. The remaining
additional synesthesias predominantly involved color concurrents, the inducers being
weekdays, months (11 each); personalities (5); the sounds of different musical instruments,
emotions, odors (4 each); musical chords, touch, taste, temperature (3 each); pain (2); and
musical key signature, pitch, and orgasm (1 each). Other types of synesthesia were also
reported by our participants: 7 people had sequence-space synesthesia, 2 reported grapheme-
personality associations, and one indicated that languages and concepts involved colors,
shapes, and textures. Synesthetes are divided into ‘projectors’ who see visual concurrents
“out in the world” and ‘associators’ who “see” visual concurrents in the mind’s eye or who
have a strong feeling for an association (Dixon et al., 2004). Due to technical problems with
the SB after it was moved to a new server, we were only able to obtain projector/associator
scores for 8 of our synesthetes; these revealed only one projector, consistent with findings
that the associator sub-type is more common (Dixon & Smilek, 2005).

2.2 Synesthesia Battery

Participants who claimed to experience grapheme-color synesthesia completed the SB
(Eagleman et al., 2007) in order to verify their synesthetic status. The SB reliably identifies
certain common varieties of synesthesia (Carmichael et al., 2015). For grapheme-color
synesthesia associated with the Latin alphabet and Arabic numerals, all 36 graphemes are
presented three times in random order and the participant uses a color-picker to select the
best match for the color they experience for that grapheme. Color-picker responses are
converted to a single SB score. An individual is considered a synesthete if their SB score is
less than 1 and a non-synesthete if their score is more than 2; where an individual’s score
falls between 1 and 2, their synesthetic status cannot be reliably determined (Eagleman et
al., 2007).l The SB also records the RGB values for the colors chosen on each of the three
trials for each grapheme. RGB values range from 0 to 255 for each component in arbitrary
units of intensity, and colors are defined in RGB triplets: black and white are respectively
produced by zero (0,0,0) and maximal (255,255,255) intensity in all components (Hunt,
2003). Consistency was measured by calculating the mean Euclidean distance between the
three color estimates for each grapheme (i.e., the mean of the 15t vs 2nd, 15t ys 31 and 2nd ys
3. The Euclidean distance is given by:

LAl seventeen synesthetes who completed the SB scored less than 1 for grapheme-color and their additional synesthesias reported
above, but seven of them reported additional synesthesias with SB scores that fell in the indeterminate range (two reported pitch-color
but scored 1.05 and 1.63; two reported weekday-color, scoring 1.0 and 1.13; and three reported month-color, scoring between 1.11 and
1.24). Furthermore, of eight people who volunteered because they thought they experienced grapheme-color synesthesia but who were
excluded on the basis of their SB score, seven had grapheme-color SB scores in the indeterminate range (scores ranged from 1.09 to
1.67) and only one was clearly a non-synesthete (scoring 2.4).
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\/[(Rl - R2)2 + (G - G2)2 + (B — B2)2] Equation 1:

While the SB was offline, we devised a substitute task using the online color-picker at
https://www.rapidtables.com/web/color/RGB_Color.html. We chose an RGB color-picker in
order to match the SB, which also uses this color space (but see also Rothen et al., 2013 for
the use of online color-pickers). This enabled participants who self-reported as grapheme-
color synesthetes to choose their synesthetic colors in the same way as the SB, i.e. they
could select the approximate color using a sliding bar and then adjust this more precisely
by clicking within the resulting color square and checking their selection in the resulting
color patch. Visually, the SB and online color-picker were very similar, employing the same
spatial layout. The only differences were: a black background in the SB, as opposed to white
in the online task; the SB had an additional slider bar to make fine adjustments for hue;

the SB recorded RGB values automatically whereas these had to be transcribed from the
display in the online task. As with the SB, participants were asked to select their synesthetic
color for each grapheme three times in random order. Mirroring the SB, which changed the
starting color on each letter presentation, the experimenter manually re-set the picker to a
different color on each trial to avoid the use of memory strategies and spatial cues. RGB
values were recorded for each trial, and the Euclidean distance between the three estimates
was determined as above.

14 synesthetes completed the SB and 4 completed the online color-picker task at the

time of testing. Whether participants completed the SB or the online color-picker, we
extracted the RGB values and chose the two graphemes with the most consistent color
choices (i.e., the shortest Euclidean distances) that were also easily distinguishable from
each other, as confirmed with each synesthete on an individual basis, because individual
differences in the synesthetic color palette forming each synesthete’s associations meant that
the range of colors to choose from was more limited for some synesthetes (see 2.4 for the
mean Euclidean distance in RGB space for the two colors tested). Because we presented
all graphemes in the IAT in black on a white background, we avoided graphemes with
associations to black and white. Three of the four participants who chose their synesthetic
colors using the online color-picker completed the SB when it became available again in
order to confirm their synesthetic status using a standardized test.

Age- and gender-matched control participants were recruited from volunteers who
understood the concept of synesthesia and knew that they did not experience it. These
participants did not take the SB, but their non-synesthetic status was reviewed and confirmed
in a screening interview that covered the definition of synesthesia, a range of different
inducers and concurrents, and the projector/associator sub-types.

Implicit Association Test

The IAT was presented using a procedure we have previously described (Lacey et al., 2016).
Presentation software (Neurobehavioral Systems Inc., Albany CA) was used to run the
experiment and record response times (RTs). Participants were instructed to associate pairs
of stimuli with one of two response keys (the ‘left’ and ‘right’ arrow keys on a normal US
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‘QWERTY’ keyboard). The pairs always consisted of one grapheme and one color and, in
separate blocks of trials, were either congruent or incongruent. Figure 1B shows a fictitious
example in which synesthetically congruent pairs are “A”/red (both to be associated with the
left arrow key) and “B”/blue (associated with the right arrow key) and the incongruent pairs
are “A”/blue (left arrow key) and “B”/red (right arrow key). However, each stimulus was
presented in isolation, i.e. a trial consisted either of a grapheme (“A” or “B”) or a color (red
or blue) and participants were asked to respond by pressing the assigned key as quickly as
possible.

Following the procedure described in Lacey et al. (2016), each synesthete’s pair of
grapheme-color associations was tested in two runs. In each run there were 96 trials divided
into a block of 48 congruent trials followed by a block of 48 incongruent trials, or vice
versa, giving a total of 192 active trials across the two runs. Before each block of 48 trials,
participants read on-screen instructions describing the response key associations to be used
and then performed 12 practice trials with on-screen feedback as to accuracy (practice trials
were not included in the analysis and feedback was only given for the practice trials).
Within each run, half the trials were graphemes and half were colors, split evenly between
congruent and incongruent trials. Trials consisted of a blank 1000ms followed by either

a grapheme or a color stimulus for 1000ms and were terminated either by the participant
pressing a response key or automatically 3500ms after stimulus onset. The length of each
active block thus varied between participants but was a maximum of 330s. RTs were
measured from stimulus onset. Age- and gender-matched control participants took the IAT
with the same grapheme-color pairs as the synesthete to whom they were matched. The
order of the two runs was counterbalanced across participants.

2.4 Procedure

Both the SB and the online color-picker had three estimates of the synesthetic color for each
grapheme and there was no way of knowing which of these was closest to the synesthete’s
actual experience. Therefore, on the day of testing, participants were instructed to choose the
most accurate color by making a single choice with the online color-picker for each of the
two graphemes for the IAT. The mean Euclidean distance between the color associations for
the two graphemes tested was 222.9 (standard deviation: £69.2) intensity units. As noted in
2.2, values for each component in RGB space range from 0 to 255, thus a mean Euclidean
distance of 222.9 indicates that the two colors were far apart in RGB space and therefore
easily distinguishable.

Accuracy (% correct) was based on those trials for which a response was recorded and the
magnitude of the congruency effect was given by:

[(accuracy on congruent trials — accuracy on incongruent trials)/(accuracy on congruent trials

+accuracy on incongruent trials)] x 100 Equation 2:

RT analyses were based on correct trials only and excluding any trials with RTs more than 3
standard deviations away from the individual mean, calculated separately for each run. The
magnitude of the congruency effect for RTs was given by:
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[(incongruent RT — congruent RT)/(incongruent RT+congruent RT)]

% 100 Equation 3:

Data were analyzed using IBM SPSS v27 (IBM Corporation, Armonk NY) and effect sizes
(Cohen’s d) were calculated using the online tool provided by Lenhard & Lenhard (2016).
As noted in the Introduction, consistency might be independent of strength and therefore
these two attributes of synesthesia might not be significantly correlated. In fact, we did not
find a correlation between these two aspects of synesthesia. This involves accepting the null
hypothesis and we therefore calculated Bayes factors (BF) in order to assess the strength of
the evidence for the null hypothesis (Dienes, 2011; Cumming, 2014). SPSS computes the
ratio of the null hypothesis to the experimental hypothesis and, for Pearson correlations, we
accepted the default setting of the JZS (Jeffreys-Zellner-Siow) Bayes factor (Jeffreys, 1961;
Zellner & Siow, 1980). We interpret BFs of 1-3 as indicating weak, and 3-10 as indicating
substantial, evidence for the null hypothesis. This largely follows Jeffreys (1961); however,
we acknowledge that there are several interpretive scales differing in both cut-off points and
the rhetorical force of the descriptive term (Jarosz & Wiley, 2014; Hoijtink et al., 2016).
Finally, note the degrees of freedom for correlations are given by N-2.

3. RESULTS

3.1 Group differences

Trials for which there was no response accounted for 0.5% of total trials. Correct responses
were recorded for 94.5% of the remaining trials; for RT analyses, 1.9% of correct response
trials were excluded as outliers.

3.1.2 RTs—Repeated-measures ANOVA (RM-ANOVA) of RTs (between-group factor:
synesthetic status — synesthetes, non-synesthetes; within-group factor: trial type — congruent,
incongruent) showed a main effect of trial type (F1 34 = 42.6, p <.001, d = 2.2) in which
RTs for congruent trials were faster (mean + sem, 505 + 20ms) than for incongruent trials
(678 £ 37ms). There was no main effect for synesthetic status (F134=1.2,p=.3,d=

.4) but, crucially, there was an interaction between synesthetic status and trial type (F1 34 =
20.9, p <.001, d = 1.6: Figure 2A). Post-hoc t-tests (Bonferroni-corrected a for four tests =
.0125) showed that RTs for synesthetes were significantly faster for congruent (471 £ 11ms)
compared to incongruent (766 + 44ms) trials (t;7 = —7.2, p <.001, d = 1.9) whereas for
non-synesthetes there was no significant difference (congruent, 539 + 37ms; incongruent,
591 + 55ms: t17 =-1.5, p = .1, d =.2). While there was no significant difference between
synesthetes and controls for either congruent (t34 = -1.7, p = .09, d = .6) or incongruent

(t34 = 2.5, p = .02, d = .8) trials, synesthetes were nearly 30% slower than controls on the
incongruent trials. This interaction effect suggests that synesthetes have difficulty inhibiting
their associations on incongruent trials but only a small (non-significant in the present data
set) advantage for congruent trials (although there is a limit on how fast a response can be
and thus facilitatory effects might well be compressed in the congruent trials). This pattern
of results did not change if we excluded the synesthete who did not complete the SB and
their matched control.
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3.1.3 RT congruency magnitudes—We also performed RM-ANOVA of congruency
magnitudes for RTs (between-group factor: synesthetic status — synesthetes, non-
synesthetes; within-group factor: trial type — grapheme, color). There was a large main effect
of synesthetic status (Fy 34 = 31.3, p <.001, d = 1.9) in which RT congruency magnitudes
were greater for synesthetes (22.5 + 2.5) than non-synesthetes (3.8 + 2.2). There was a main
effect of trial type (F1 34 = 9.1, p =.005, d = 1.0) in which RT congruency magnitudes were
greater for color trials than grapheme trials (14.3 £ 2.4 vs 11.9 * 2.2 respectively). There
was a significant interaction between synesthetic status and trial type (Fy 34 = 4.7, p = .04,

d =.7: Figure 2B) in which RT congruency magnitudes were greater for color (24.4 + 2.7)
than grapheme (20.4 + 2.4) trials for synesthetes (Bonferroni-corrected a for four tests =
.0125: t17 = -3.1, p = .007, d = .4) but not for controls (color, 4.1 + 2.2; grapheme, 3.5 +
2.3:t17 =-.8, p = .5, d =.07). Reflecting the main effect, RT congruency magnitudes were
significantly greater for synesthetes than controls for each trial type (color, t;7=5.1, p <
.001, d = 1.7; grapheme, t;7 = 5.8, p <.001, d = 1.9). This pattern of results did not change if
we excluded the synesthete who did not complete the SB and their matched control, except
that the interaction narrowly missed significance (F1 32 = 3.9, p = .055, d = .7) although
post-hoc tests showed the same pattern of results.

3.1.4 RT congruency magnitudes for color trials only—In a post-hoc analysis,
we examined why synesthetes had larger RT congruency magnitudes for color trials than
grapheme trials. If synesthesia is unidirectional, i.e., graphemes induce colors but not vice
versa, congruency magnitudes might be expected to differ between grapheme and color
trials. Given the directionality of grapheme-color synesthesia, the concurrent color induced
by a grapheme might prime responses to a subsequent color trial if the colors were the
same, or inhibit responses if they differed (see Mattingley et al., 2001). Additionally, in

the IAT, all responses are made under conditions where response key associations are
either congruent or incongruent; thus, an alternative explanation is that magnitudes are
more affected by the congruency of response key associations than that of the preceding
trial. To investigate whether the increased color congruency magnitudes occurred due to
the preceding grapheme trial) or the response key associations, we analyzed all color trials
that were immediately preceded by a grapheme trial (GC trials). We separated these into
trials where the synesthetic color evoked by the grapheme was either congruent (GC;) or
incongruent (GC;) with the real color presented in the color trial. We further subdivided
these trials according to whether the response key associations for the color trial were
congruent (R.) or incongruent (R;). The congruency magnitude for GC trials resulting from
any influence of the preceding grapheme trial is given by:

[(ReGC; + R{GCj) — (RGC, + RiGC,)/(RGC; + R{GC)

+ (R¢GC, + RiGC,)] x 100 Equation 4:

The congruency magnitude for GC trials resulting from any influence of the response key
associations is given by:
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[(RiGC; + R{GC,) — (R.GC; + RGC,)/(R{GC; + RiGC,) + R.GC;

+ R.GC,)] x 100 Equation 5:

RM-ANOVA of the GC trial congruency magnitudes showed a significant effect of
synesthetic status (F1 34 = 20.7, p <.001, d = 1.6) in which synesthetes exhibited larger
congruency magnitudes than non-synesthetes. There was a significant main effect in which
congruency magnitudes were larger for response key associations (14.2 + 2.5) than for the
preceding grapheme trial (1.3 = .8: F1 34 = 44.1, p <.001, d = 2.2). Crucially, there was

an interaction between synesthetic status and congruency magnitude type (F1 34 = 30.3, p
<.001, d = 1.9: Figure 3). Post-hoc tests (Bonferroni-corrected a. for four tests = .0125)
showed that, for synesthetes, congruency magnitudes related to response key associations
(24.5 + 2.9) were larger than those arising from the preceding grapheme trial (.9 + 1.1: t17 =
8.0, p <.001, d = 2.4), whereas there was no difference for non-synesthetes (response key,
3.9 £ 2.3; preceding grapheme trial, 1.7 + 1.3: t;7 = .9, p = .4, d = .3). In addition, response
key congruency magnitudes were larger for synesthetes than non-synesthetes (t34 = 5.5, p
<.001, d = 1.8), whereas preceding grapheme trial magnitudes did not differ (t34 = -.5, p
=.6, d = .2). This pattern of results suggests that, in fact, synesthetes’ greater congruency
magnitudes for color trials compared to grapheme trials (shown in Figure 2B) arose from
within-trial effects with little interference/facilitation from the incongruence/congruence of
the preceding grapheme trial.

3.1.5 Accuracy—RM ANOVA of accuracy (between-group factor: synesthetic status

— synesthetes, non-synesthetes; within-group factor: trial type — congruent, incongruent)
showed a main effect of trial type (F1 34 = 16.4, p <.001, d = 1.4) in which accuracy was
greater for congruent (mean = sem: 96.9 £ .6%) compared to incongruent (91.6 £ 1.4%)
trials. There was no main effect of synesthetic status (F1 34 = .06, p = .8, d = .08) and the
interaction between synesthetic status and trial type only narrowly missed significance (F1 34
=3.9, p=.054, d =.7: Figure 4A). Post-hoc t-tests (Bonferroni-corrected a for four tests
=.0125) showed that synesthetes were significantly more accurate for congruent (98.0 =
.5%) compared to incongruent (90.1 + 2.3%) trials (t17 = 3.5, p =.003, d = 1.0) whereas for
non-synesthetes this comparison was not significant (congruent, 95.8 + 1.1%; incongruent,
93.1 + 1.4%: t;7 = 2.0, p = .06, d = .5); there were no significant differences between
synesthetes and controls for either congruent (t34 = 1.7, p = .09, d = .6) or incongruent

(t3g =-1.1, p=.3, d = .4) trials. This pattern of results did not change if we excluded the
synesthete who did not complete the SB and their matched control. Accuracy levels were
overall quite high, so the absence of significant differences for some of the comparisons
might reflect ceiling effects.

3.1.6 Accuracy congruency magnitudes—RM-ANOVA of congruency magnitudes
for accuracy (between-group factor: synesthetic status — synesthetes, non-synesthetes;
within-group factor: trial type — grapheme, color) showed that there was no main effect

of synesthetic status (F1 34 = 3.4, p = .07, d = .6) although congruency magnitudes were
larger overall for synesthetes (4.5 + 1.5) than non-synesthetes (1.4 £ .8). The main effect

of trial type was not significant (Fy 34 = 1.0, p = .3, d = .3) but the interaction between
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synesthetic status and trial type only narrowly missed significance (F1 34 = 3.9, p = .054,d =
.7: Figure 4B). Post-hoc t-tests (Bonferroni-corrected a. for four tests = .0125) showed that,
between groups, congruency magnitudes for color trials were larger for synesthetes (6.3 =
1.9) than non-synesthetes (1.0 + .5: t34 = 2.7, p = .01, d = .9), whereas for grapheme trials
there was no significant difference (synesthetes, 2.9 £ 1.4; non-synesthetes, 2.1 + 1.6: t34

= .4, p=.7,d=.1); there were no within-group differences between grapheme and color
magnitudes (synesthetes, t;7 = —=2.1, p =.049, d = .5; non-synesthetes, t;7 =.7, p = .5,

d = .2). This pattern of results did not change if we excluded the synesthete who did not
complete the SB and their matched control.

3.2 Correlational analyses

3.2.1 RTs—There was no significant correlation (Pearson’s r throughout) between
consistency (grapheme-color SB scores) and strength (IAT congruency magnitudes for RTs:
Figure 5A) across all trials (r15 = .06, p = .8, BF = 5.3) or when trial types were considered
separately, for either grapheme (ri5 = .1, p=.7, BF =4.9) or color (ri5 =.01, p=.9,

BF =5.4) trials (Bonferroni-corrected a. for three tests = .017). Critically, the BFs for

these analyses were all well over 3, indicating substantial support for the null hypothesis.
(Note that there was also no significant correlation between consistency and strength in the
analysis of GC trial congruency magnitudes relating to either response key associations, r =
.01, p=.9, BF = 5.4, or the preceding grapheme trial, r = .4, p = .1, BF = 1.7). Due to the
SB being offline, some synesthetes completed it later which might have potentially led to

a different SB score than if this had been ascertained closer to the time of the IAT, but the
results were similar if these individuals were excluded (all trials, ri» = -.16, p = .6, BF = 4.3;
grapheme trials, rio = -.1, p = .7, BF = 4.7; color trials, rio = -.2, p = .5, BF = 4.0).

Moreover, the SB is a measure of overall consistency for all those graphemes for which

an individual has associations while the IAT only tested associations for two graphemes.
Therefore, we also measured consistency for the two graphemes used for the 1AT by
calculating the mean Euclidean distance in RGB space for the three color estimates (derived
from RGB values extracted from either SB data or the online color-picker, whichever was
completed immediately prior to performing the IAT) for the two graphemes tested and
averaging across the pair. This allowed us to compare all synesthetes on the same footing,
whether they completed the SB prior to the IAT or at a later date. However, there was still
no significant correlation with congruency magnitudes for RTs, across all trials (ri5 = .3, p =
.2, BF = 2.2) or for grapheme (ri5 =.2, p=.3, BF=3.4) and color (ri5=.4,p=.1, BF =
1.5: Figure 6A) trials separately (Bonferroni-corrected a for three tests = .017); this was also
the case for correlations with the mean Euclidean distances calculated for each grapheme
separately.

3.2.2 Accuracy—Nor did we find a significant relationship between consistency and
strength in terms of IAT congruency magnitudes for accuracy (Figure 5B) across all trials
(ri5 = .4, p = .07, BF = 1.1), or for either grapheme (r15 = .3, p = .2, BF = 2.2) or color (r15
= .4, p=.08, BF = 1.2) trials (Bonferroni-corrected a for three tests = .017). However, the
BFs were in the 1-3 range, indicating weak support for the null hypothesis. As can be seen
from Figure 5B, there was a potential outlier in terms of accuracy congruency magnitude,

Conscious Cogn. Author manuscript; available in PMC 2022 July 19.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Lacey et al.

Page 11

but excluding this outlier did not change the significance of the results; in fact the BFs were
now greater than 3, indicating substantial support for the null hypothesis (all trials, r14 = .06,
p = .8, BF = 5.2; grapheme trials, ri4 = —.2, p = .5, BF = 4.1; color trials, ri4 = .1, p = .6,

BF = 4.6). Again, the results were similar when those who only completed the SB when it
came back online were excluded (all trials, ri» = .06, p = .8, BF = 4.9; grapheme trials, r{o =
-.1,p=.7, BF = 4.6; color trials, ry» = .1, p = .7, BF = 4.6). There was also no significant
correlation between congruency magnitudes for accuracy and mean Euclidean distance in
RGB space, averaged across the two graphemes, overall (r15 = —.2, p = .4, BF = 3.6), or for
either grapheme (r{5 = -.3, p = .3, BF = 3.1) or color (ri5 = -.2, p = .5, BF = 4.5: Figure 6B)
trials (Bonferroni-corrected a for three tests = .017); this was also the case for correlations
with the mean Euclidean distances calculated for each grapheme separately.

3.2.3 Within-test variability—Since the SB score and Euclidean distances in RGB
color space reflect within-test variability in the specific colors picked to correspond with
graphemes, we also compared these to the within-test variability of the IAT congruency
magnitudes. We calculated the congruency magnitudes separately for each of the two runs
of the IAT and subtracted those for the first run from those for the second run to arrive at

the within-test change in congruency magnitudes, for all trials combined and separately for
grapheme and color trials. However, there were no significant correlations between these
measures and SB scores (Bonferroni-corrected a for three tests = .017) for either RTs (r5
=.2-.3,p=.2-.4,BFs=2.8-23.6: Figure 7A) or accuracy (ris=.3-.4,p=.1-.2,

BFs =1.5-2.6: Figure 7B). The RT and accuracy data each contained a single outlier, but
excluding these data points did not change the significance of the results in either case, and
if anything tended to make the BFs larger (RTs, ri4=.1-.2,p=.5-.6,BFs=4.2-4.7;
accuracy, rig = —-.2—--4,p=.1-.5 BFs = 1.7 - 4.2). Again, similar results were obtained
when those who only completed the SB when it came back online were excluded (RTs, rq»
=3-4,p=.2-3,BFs=19-27; accuracy, rip=-2--3,p=.2-.5BFs=25

—4.5). Similarly, there were no significant correlations between the congruency magnitude
difference between runs and mean Euclidean distance in RGB color averaged across the pair
of graphemes (Bonferroni-corrected a for three tests = .017) for either accuracy (all ry5 = .3,
allp=.2,BF=2.7-29)orRTs (ri5g =.2-.3,p=.2-.3, BF =2.1 - 3.5: Figure 8). Here
too, excluding the outliers mentioned above did not affect the significance of the results
(RTs, ri4=.3-.4,p=.1-.3,BFs =16 -3.0; accuracy, ri4=-1--2,p=.5-.7, BFs
=4.1-5.0). Again, there were still no significant consistency-strength relationships when
the correlations were run against the mean Euclidean distances calculated for each grapheme
separately.

3.2.4 Additional supporting analyses—As noted above, Euclidean distances were
derived from RGB values extracted from either SB data or the online color-picker which
were completed prior to performing the IAT. Since these RGB values were all obtained
close to the time of testing, we consider these to be the most reliable. For completeness,
we also re-ran the correlations, replacing Euclidean distances derived from the online
color-picker with those derived from SB data when it came back online for the three
synesthetes who did so. However, this did not change the results: there were still no
significant relationships between strength and consistency when the latter was based on
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Euclidean distance, including the within-test variability measures (all ri5=-.3-.3,all p=
1-.9,all BFs =1.9-5.4).

Finally, non-significant correlations might occur because of a lack of variation in the

data across participants. Table 1 provides measures of variability, with and without

outliers, in the consistency (SB scores and mean Euclidean distance), strength (IAT
congruency magnitude), and the within-test change in congruency magnitude data, allowing
a quantitative judgment that the lack of significant correlations was not due to a lack of
variance in the data. The scatterplots and trend lines in Figures 5-8 similarly allow a
qualitative judgment that, despite this variance, there was no significant relationship between
consistency and strength. The presence of outliers might suggest that the variation across
subjects is over-stated. However, in the current data, all correlations were non-significant
whether the outliers were excluded or not, even before correcting the alpha-value for
multiple tests and despite the multiple ways in which the data were examined.

4. DISCUSSION

The present study is the first, to our knowledge, to assess the strength of synesthetic
associations using the IAT and to compare strength to consistency. Congruency magnitudes
on the IAT distinguished synesthetes from non-synesthetes, with a large effect size
especially when RT was the dependent variable (d = 2.0), based on which we propose that
the strength of synesthetic associations is a defining characteristic of synesthetic experience
(though not, of course, decisive on its own). If confirmed in future studies, this would be

a novel, objective marker of synesthesia. Intuitively, we expected that strong associations
should be consistent and vice versa, and that therefore strength and consistency measures
would be correlated. Surprisingly, this was not the case. IAT congruency magnitudes

were uncorrelated with consistency measures, whether the SB score, reflecting overall
consistency of the colors evoked by a large grapheme set for which an individual has
associations, or the mean Euclidean distance in RGB color space for the two graphemes
tested for each synesthete with the IAT, reflecting consistency for these specific grapheme-
color associations. Even the within-test variability of our strength measure, the IAT
congruency magnitude, was uncorrelated with the consistency measures, which reflect
within-test variability of the color selected to match a particular grapheme. Importantly,

the BFs associated with the correlational analyses were generally greater than 3, indicating
substantial support for accepting the null hypothesis (Jeffreys, 1961; Dienes, 2014). This
was particularly the case for analyses based on RTs, perhaps reflecting that accuracy is a less
sensitive measure due to the potential for ceiling effects. Overall, these results suggest that
the strength and consistency of associations are separable aspects of synesthetic experience.

The consistency of synesthetic associations may remain stable over long periods of time
(Asher et al., 2006; Linkovski et al., 2012; Simner & Logie, 2007) but there can also be
long-term changes due to age (Meier et al., 2014; Simner et al., 2017; Chromy et al.,

2019) and temporary changes due to mood (Kay et al., 2015). Here, we only measured
consistency over the short time it took to complete the SB or the online color-picker task;
variability of strength was also assessed over a similar time scale. Further evidence is
required from long-term studies that assess strength and consistency at multiple time points
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in order to determine whether the strength of synesthetic association is stable over time even
if the particular concurrent has changed, leading to low consistency. Also, the strength of
synesthetic associations was examined in the present study in relation to two graphemes
evoking very distinct colors. It would be interesting to assess whether the strength measure
is stable across a wider range of synesthetic associations, including those in types of
synesthesia other than grapheme-color.

If synesthetic associations can be strong but variable, this has implications for identification
of synesthesia and estimates of its prevalence. For example, SB scores below 1 denote

the presence of synesthesia whereas non-synesthetes demonstrate SB scores above 2, with

a score falling between 1 and 2 being taken to mean that synesthetic status cannot be
reliably determined (Eagleman et al., 2007). Scores in this indeterminate range may be
obtained for a number of potential reasons, e.g. people falsely claiming to be synesthetic,
misunderstandings of the nature of synesthesia, or potential dissociation between synesthetic
strength and consistency in synesthetes whose inducers strongly evoke a concurrent but not
one that is stable enough to pass the consistency test (Simner, 2012). One might argue that
an individual still needs at least two consistent inducer-concurrent mappings in order to
complete the IAT. But the SB, and other tests of consistency, are predicated on synesthetes
reporting exactly the same color for any given grapheme whereas the IAT need not depend
on this. For example, ‘A’ might have a strong association with red, but the exact shade might
not be consistent trial by trial. For ‘indeterminate’ synesthetes, it will be important to take

a careful history of their grapheme-color associations and how these are experienced, for
effective testing with the 1AT; converging evidence, e.g., from the Stroop test (Mattingley
etal., 2001; Dixon et al., 2000, 2004; Linkovski et al., 2012; Akiva-Kabiri et al., 2014)

may also be required. Additionally, synesthesia may be a phenomenon at one end of a
continuum with no clear cut-off point on any characteristic (Eagleman, 2012), thus there
may also be low strength/high consistency synesthetes who pass the SB threshold that

could be identified by such studies. Future studies, combining tests of consistency with

tests of strength and including individuals across the full range of SB scores might help to
disambiguate high strength/low consistency synesthetes from non-synesthetes in the SB’s
indeterminate category, thus increasing estimates of prevalence. While it is hard to assess the
scale of any under-detection of synesthesia, it is worth noting that of the eight people who
volunteered for this study claiming to experience grapheme-color synesthesia but who were
excluded on the basis of their SB score, only one failed the consistency test outright while
the remaining seven, who scored in the indeterminate range, may have included genuine
synesthetes (see Footnote 1).

Both the IAT (Greenwald et al., 1998) and the classic Stroop (1935) test have been used

to investigate aspects of synesthesia; both rely on differences in RT/accuracy between
congruent and incongruent trials for their effects. As the present study is only the second,

to our knowledge, to use the IAT in the context of synesthesia, it is worth comparing its

use to that of the more frequently used Stroop test. Despite its name, the IAT captures both
implicit and explicit associations (Blair, 2002; Fiedler et al., 2006): a trial is characterized as
congruent when related concepts, e.g., ‘cold” and ‘ice’ are associated with the same response
key and incongruent when the same response key is used for unrelated or opposing concepts,
e.g., ‘cold” and ‘steam’. IAT effects thus arise at the response level from stimulus-response
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(in)congruity (De Houwer, 2001). This is borne out in the present study: congruency
magnitudes for color trials were more affected by the (in)congruity of the response key
associations than the perceptual (in)congruity of the synesthetic color evoked during the
preceding grapheme trial. Stroop effects, on the other hand, may arise at least in part at

the perceptual level from stimulus-stimulus (in)congruity (Scerrati et al., 2017), i.e., for the
word “blue” displayed in red, it is harder to name the print-color than the word. However,
the underlying basis of the Stroop effect remains controversial (Parris et al., 2019), with
varying accounts including response-related processes such as conflict and cognitive control
(Botvinick et al., 2001) versus earlier processes like selective attention (McLeod, 1991,
1992; Algom and Chajut, 2019), and neuroimaging studies suggesting multiple loci of the
effect (Banich, 2019). For grapheme-color synesthesia, a trial in the Stroop test is considered
congruent when a letter is displayed in its associated synesthetic color and incongruent if
displayed in any other color (e.g., Mattingley et al., 2001; Dixon et al., 2004).

The IAT and the synesthetic Stroop test both likely reflect both the strength of synesthetic
associations and the automaticity of the synesthetic association (Mattingley et al., 2001;
Dixon et al., 2004) but are methodologically very different. One advantage of the Stroop
test is that (in)congruity is inherent in the stimulus and therefore congruent and incongruent
trials can be randomly ordered (though this need not be so — see Mattingley et al., 2001). By
contrast, congruent and incongruent trials for the IAT have to be presented in blocks because
changing the response key associations on a trial-by-trial basis would be too onerous. On the
other hand, the IAT presents only one stimulus at a time and thus avoids the confound of
divided attention (Parise & Spence, 2012) whereas attention is divided between the word and
its print-color in the Stroop test (McLeod, 1991). Additionally, whereas the IAT can only
test two graphemes at a time, the synesthetic Stroop could efficiently present all graphemes
for which a particular synesthete has color associations. Further work is needed on the
relationship between the synesthetic versions of the Stroop and IAT, and to explore whether
synesthetic Stroop effects are also uncorrelated with consistency.

In both the present study, directly addressing synesthetic experience, and our previous
study of synesthetic responses to crossmodal correspondences (Lacey et al., 2016), the

IAT reliably distinguished between synesthetes and non-synesthetes, as has the Stroop

test (e.g., Mattingley et al., 2001; Dixon et al., 2000, 2004; Linkovski et al., 2012; Akiva-
Kabiri et al., 2014) and thus the IAT appears to be a useful addition to the field. Beyond
grapheme-color, the Stroop test has also authenticated different kinds of synesthesia, e.g.,
pitch class-color (Itoh et al., 2019), pitch-space (Linkovski et al., 2012; Akiva-Kabiri et al.,
2014), sequence-space (Ward et al., 2018), and even swimming style-color (Nikoli¢ et al.,
2011). In grapheme-color synesthesia, the Stroop test also distinguishes between projector
and associator synesthetes (Dixon et al., 2004). A useful goal for future research will be to
extend the use of the IAT to other synesthesias — given that it presents one stimulus at a
time, it may be particularly useful for inducer-concurrent pairings that are less amenable to
the Stroop paradigm, e.g., lexical-gustatory or ordinal-personality synesthesias — and to see
whether it is also sensitive to the projector-associator dimension.

The neural mechanisms underpinning the strength of synesthetic associations are uncertain.
A functional magnetic resonance imaging (fMRI) study of grapheme-color synesthetes
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performing the synesthetic Stroop test showed that, compared to non-synesthetic control
participants, synesthetes had stronger anterior cingulate responses to graphemes displayed
in an incongruent color (van der Veen et al., 2014). This is consistent with the role of

the cingulate cortex in attention (e.g., Vogt, 2019) and conflict detection and resolution
(Lietal., 2017). Banich (2019) suggests that the anterior cingulate is only involved at

the last stage of a processing ‘cascade’ originating in posterior lateral prefrontal cortex,
directing processing resources based on task-relevance of information, and proceeding via
mid-dorsolateral and mid-cingulate regions that bias working memory towards task-relevant
information and response selection (Banich, 2019). There are no fMRI studies in which

the strength of synesthetic associations is tested using the IAT. However, the large effect of
synesthetic congruency particularly on RT (d = 2.0), which was greater than on accuracy (d
=.8) suggests that decision and response-related neural processes are likely to be important.
This is in keeping with the idea that IAT effects arise at the response level (de Houwer,
2001) and our finding that (in)congruity of response key associations had a greater effect on
color trials than (in)congruity of the synesthetic color evoked during the preceding grapheme
trial. By contrast, consistency measures may reflect perceptual processes to a greater extent.
This may explain why consistency and strength measures were uncorrelated. Nonetheless,
it is also possible that a more perceptually-based measure of strength could demonstrate
different properties, and perhaps correlate with consistency measures. It is interesting that
performance differences on the AT between synesthetes and controls were much greater

on incongruent than congruent trials; this was especially true for RT. This suggests that
synesthetes have particular difficulty with inhibiting their synesthetic associations, and,
relative to this incongruency cost, derive a smaller benefit from congruent associations.
Thus, we propose that the neural mechanisms involved in synesthesia as indexed by the
IAT might depend on frontoparietal processes that mediate perceptual decisions and/or
responses. Further work is necessary to test this proposal.

Consistency and strength measures of synesthesia may reflect different underlying neural
mechanisms, which will need to be isolated from the task-related effects just described.
Dovern et al. (2012), using the fMRI signal to measure resting-state functional connectivity
(RSFC) between networks identified by independent component analysis, found that
grapheme-color synesthetes exhibited higher RSFC for some inter-network connections
compared to controls.

Among these connections, those connecting a visual network including bilateral fusiform
gyri to an auditory network that included both superior temporal gyri and to a right
frontoparietal network displayed RSFC that correlated with the synesthetes’ SB scores;
notably, these SB scores were confirmed to be stable over a 6-month period. The fusiform
gyri are implicated in processing both color (Shapley and Hawken, 2011) and graphemes
(Pernet et al., 2005), while frontoparietal regions may be involved in higher-order post-
perceptual processes related to synesthesia (Ward et al., 2006; Brang et al., 2011; Chiou
& Rich, 2014). The magnitude of RSFC appears to reflect the robustness of bi-directional
connections in macaque monkeys (Pijnenburg et al., 2019). Thus, it is interesting that

the magnitude of RSFC between networks comprising the fusiform and frontoparietal
cortex correlates with the consistency of synesthetic association, as indexed by the SB
score (Dovern et al., 2012). How precisely RSFC magnitude comes to be correlated with
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synesthetic consistency, and whether RSFC magnitude correlations with synesthetic strength
would reveal different networks, remain to be determined.

5. CONCLUSIONS

Our findings suggest that consistency and strength of synesthetic associations are separable
aspects of synesthetic experience and that strength is a novel marker of synesthesia.
Longitudinal studies are required to assess whether the strength of association for a
particular grapheme remains stable over time despite variability in the associated color. This
could help to resolve the synesthetic status of those who fall within the indeterminate range
of SB scores. Strength and consistency may depend on distinct neural mechanisms. We
suggest that, while the consistency of grapheme-color synesthesia may depend primarily on
perceptual processes that are related to the magnitude of connectivity between the fusiform
gyrus and frontoparietal cortex, the strength of the relevant associations as indexed by the
IAT is likely to depend more on frontoparietal processing related to decision and response. A
quest for more perceptually based measures of synesthetic strength merits pursuit.
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HIGHLIGHTS
. Synesthetic status is usually determined by testing consistency of associations
. Consistency may not be entirely reliable: associations can change with age or
mood
. We compared consistency to strength of association in grapheme-color
synesthetes
. Strength identified synesthetes but was unrelated to consistency
. Synesthetes may be under-detected by tests that rely on consistency
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Figure 1:
Schematic of example synesthetic associations and response key pairings used in the IAT

experiment.
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RTs: synesthetic status x congruency interaction B Congruency magnitudes for RTs:
synesthetic status x trial type interaction
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Figure 2:
Interaction between (A) synesthetic status and congruency for RTs (correct trials only)

in which synesthetes were significantly faster to respond on congruent, compared to
incongruent, trials whereas there was no significant difference for non-synesthetes. * p
<.001; (B) synesthetic status and trial type for RT congruency magnitudes in which
synesthetes exhibited significantly larger congruency magnitudes on color, compared to
grapheme, trials whereas there was no significant difference for non-synesthetes. * p = .007;
error bars = sem.
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GC trials: synesthetic status x magnitude type

interaction
*
% 30 - 1 ] * .
2 25 4
[
%" 20 +
E 15 4
Q 10 -
T
S o L .
Synesthetes Non-synesthetes
® Response key association Preceding grapheme trial

Figure 3:
Analysis of RT congruency magnitudes for color trials (correct trials only) that were

immediately preceded by grapheme trials (GC trials) showed that synesthetes were

more affected by response key associations than the preceding grapheme trial while non-
synesthetes were unaffected by either. Additionally, synesthetes were more affected by
response key associations than non-synesthetes but neither were affected by the preceding
trial. * p <.001; error bars = sem.
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Figure 4:

Accuracy: synesthetic status x congruency B Congruency magnitudes for accuracy:
interaction synesthetic status x trial type interaction
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Interaction between (A) synesthetic status and congruency for accuracy in which synesthetes
were significantly more accurate on congruent, compared to incongruent, trials whereas
there was no significant difference for non-synesthetes. * p = .003; (B) synesthetic status and
trial type for accuracy congruency magnitudes in which synesthetes exhibited significantly
larger congruency magnitudes than non-synesthetes on color, but not grapheme, trials; there
was no significant difference between grapheme and color magnitudes within each group. *

p = .01; error bars = sem.

Conscious Cogn. Author manuscript; available in PMC 2022 July 19.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Lacey et al.

A

Strength: IAT CM

Strength: IAT CM

RT CM: all trials RT CM: grapheme trials
rs=.06,p=.8,BF=53 rs=.1,p=.7,BF=4.9
a5 a5
=
35 . * S 35
e o % . =
25 o & E 25
)
15 . . . $ 15
. =
5 . . 2 8
-5 JO 0.2 0.4 0.6 0.8 1.0 -5 0’.0 0.2 0.4 0.6 0.8 1.0
Consistency: SB score Consistency: SB score
Accuracy CM: all trials Accuracy CM: graphemes
rs=.4,p=.07,BF=1.1 rs=.3,p=.2,BF=2.2
35 4 35
=
. S
25 4 'S- 25 .
£
15 4 ®1s
2
I & o
5 OO &5 . s e
o aet = ® < o, ey . <
T g T T J . ¥ g - 3
5 010 0.2 04 0.6 0.8 1.0 -5 OIO 0.2 0.4 0% 0.8 1.0

Consistency: SB score Consistency: SB score

Figure 5:

Page 25

RT CM: color trials
rs=.01,p=.9,BF=5.4

as .
83 o o
3 ¢ . o .
£25 <
) .
§15 . s *
i‘l‘ .
s .
5 g0 0.2 04 0.6 0.8 1.0
Consistency: SB score
Accuracy CM: colors
rs=.4,p=.08,BF=12
35
= .
o
g2
£ .
Bis .
S | o
3 S o v
s o e PY. . . ® ..
ol - rd - - \
-5 010 0.2 04 0.6 0.8 1.0

Consistency: SB score

Scatterplots showing that consistency (SB score) and strength (IAT congruency magnitudes)
of synesthetic grapheme-color associations were uncorrelated for both (A) RT and (B)
accuracy, whether these were calculated across all trials or for grapheme and color trials

separately. CM = congruency magnitude; BF = Bayes factor.
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RT CM: color trials
rs=.4,p=.1,BF=15

50
g a0 S "
L4 .
g3 " e .
£ ® et o L4
20 4 et v,
s .
g - °
&1 .
0+ T T T g
0 10 20 30 40
Consistency: Mean Euclidean distance
Accuracy CM: color trials
rs=-2,p=.5BF=45
35
.
g2
Pt
<
= .
& 15 ®
k)
§ g T °
£ A ... §E— e
) ” y
-5 10 20 30 40
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Scatterplots showing that consistency (mean Euclidean distance in RGB space for the
three color estimates for the two graphemes) and strength (IAT congruency magnitudes)
of synesthetic grapheme-color associations were uncorrelated for both (A) RT and (B)
accuracy, whether these were calculated across all trials or for grapheme and color trials

separately. CM, BF as for Figure 5.
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Figure 7.

Consistency: SB score

Consistency: SB score

Scatterplots showing that the consistency (SB score) of synesthetic grapheme-color
associations and the within-test change in AT congruency magnitudes were uncorrelated
for both (A) RT and (B) accuracy, whether these were calculated across all trials or for
grapheme and color trials separately. CM, BF as for Figure 5.
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Within-test change in RT CM:
color trials, r;s =.2, p=.3,BF=3.5
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Scatterplots showing that consistency (mean Euclidean distance in RGB space for the three
color estimates for the two graphemes) of synesthetic grapheme-color associations and the
within-test change in IAT congruency magnitudes were uncorrelated for both (A) RT and
(B) accuracy, whether these were calculated across all trials or for grapheme and color trials
separately. CM, BF as for Figure 5.
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Variability in measures of (A) consistency, (B) strength of synesthetic associations as indexed by IAT
congruency magnitudes, and (C) within-test change in IAT magnitudes: [excluding outliers].

(A\) Synesthesia Battery score

Mean Euclidean distance

(B) RT congruency magnitudes Total

Grapheme

Color

Accuracy congruency magnitudes Total

Grapheme

Color

(C) Within-test change in IAT magnitudes

RTs

Accuracy

Total
Grapheme
Color
Total
Grapheme

Color

TABLE 1:

Mean Standard deviation Range

.61 21 0.73

17.1 8.9 271.7
225[22.2] 10.6[10.7] 33.2[]
20.4[20.0] 10.1[10.3] 35.2[]
244[238] 11.6[11.7] 42.9 [42.8]
45[3.2] 6.2 [2.3] 27.9[7.4]
2.9[1.7] 5.9[2.7] 28.1[10.4]
6.3 [4.8] 8.2 [5.4] 33.7[19.8]
-3.8[-2.5] 8.9[7.3] 37.1[25.3]
-16[0.5] 9.5[8.4] 32.8 [31.6]
-5.8[-4.4] 10.0[8.5] 41.7 [26.8]
2.8[-0.8] 15.7[3.3] 70.8 [12.9]
5.2 [2.6] 12.0[5.2] 55.7 [21.3]
0.2[-46] 21.2[5.4] 98.6 [18.3]
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