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ABSTRACT

Crossmodal correspondences — systematic mappings between stimulus attributes in
different modalities — are ubiquitous in the general population. For example, high-pitched
(vs low-pitched) sounds are commonly associated with elevated (vs low) positions in space,
and rounded (vs angular) shapes tend to be linked to the term ‘Bouba’ (vs ‘Kiki’). There is
still some debate about the role of immediate sensory experience versus conceptual colour
understanding in crossmodal correspondences. In individuals with touch-colour synaes-
thesia — a rare condition in which colours are consciously experienced during haptic
stimulation — associations are plausibly driven by sensory processes. However it is not
known if touch-colour associations in non-synaesthetes also rely on sensory processes.
Here, we tested the hypothesis that intact sensory (colour) processes are an optional, but
not necessary, condition for crossmodal correspondences between touch and colour. We
tested this hypothesis by comparing texture-colour associations in an achromatopsic
observer, M.S., to those of matched controls. In a forced-choice task, M.S. (N = 1) reported
associations between texture and colour that were very similar to control participants with
typical colour vision (N = 17) when the response options were colour terms (words), but not
when the response options were colour patches (hues). Our results indicate that typical
(non-synaesthete) touch-colour associations can occur without sensory colour perception,
suggesting that conceptual understanding of colour may be sufficient for touch—colour
associations.
© 2025 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC
BY license (http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

Many people intuitively associate a high-pitched tone with a
position high in space (Bonetti & Costa, 2018). This phenom-
enon is an example of a crossmodal correspondence — a sys-
tematic association between stimulus attributes across
different sensory modalities that is shared among many in-
dividuals (Spence, 2011). Another well-known example is the
Bouba-Kiki effect, in which people consistently associate the
word ‘Bouba’ with a rounded shape and ‘Kiki’ with a spiky
shape. The Bouba-Kiki effect is consistent across different
languages and writing systems, and thus appears to be
perceptual rather than culture-bound (Cwiek et al., 2022).
Several explanations have been proposed for these cross-
modal correspondences, including statistical, semantic,
structural, or emotional mechanisms (Spence, 2011, 2022).

The role of immediate sensory input and conceptual un-
derstanding in crossmodal correspondences is still a topic of
debate — in particular, the extent to which intact sensory
processes are necessary for such crossmodal correspon-
dences. Studies suggest that different crossmodal correspon-
dences may rely on distinct underlying mechanisms. Some
crossmodal correspondences appear to depend on immediate
visual experience — the perception of a visual stimulus at the
moment the association comes to mind, distinct from prior
visual experience. For example, Fryer et al. (2014), Hamilton-
Fletcher et al. (2018), Sourav et al. (2019) and Piller et al.
(2023) showed that two types of crossmodal correspon-
dences (pitch—shape associations and the Bouba-Kiki effect)
are weaker in blind and partially sighted participants, sug-
gesting that accurate and ongoing visual experience is
necessary for these particular associations. Other crossmodal
correspondences seem to be grounded in conceptual under-
standing — knowing what a particular colour is and knowing
which objects typically possess that colour (for example,
knowing that bananas are yellow). For example, Saysani (2019)
observed similar pitch—colour associations in congenitally
blind and sighted individuals. Barilari et al. (2018) found that
abstract questions (e.g. “is red heavier than yellow?”) elicit
consistent responses in blind people, and Jonauskaite et al.
(2021, 2025) found colour—emotion associations in blind and
colourblind participants. As these associations are present in
blind and colourblind individuals, they do not seem to rely on
immediate visual experience, but rather on conceptual
understanding.

Studies of crossmodal correspondences in blind and col-
ourblind individuals differ in the specific modalities investi-
gated. It is notable that all of the results supporting a
conceptual basis used crossmodal correspondences for colour.
Furthermore, all but one of these studies examined associa-
tions between colour and stimuli not directly experienced
through sensory transduction, such as emotions or abstract
concepts. Since different mechanisms have been proposed for
different crossmodal correspondences, it is thus essential to
investigate each crossmodal correspondence individually.

In this paper we focus on the mechanisms underlying a
type of crossmodal correspondence that is relatively unex-
plored: colour associations evoked by haptic exploration of
particular (material) surfaces. As far as we know, only four

studies explored such colour association for haptically
explored surfaces; they focused on individuals with touch-
colour synaesthesia (a condition where certain sensations
evoke perceptual experiences in another modality), and
touch-colour associations in non-synaesthete (control) in-
dividuals (Simner & Ludwig, 2012; Ludwig & Simner, 2013;
Root et al., 2025; Slobodenyuk et al., 2015). These studies
showed that even non-synaesthete participants show
remarkably consistent (non-random) patterns in their touch-
colour associations. To date, these patterns of touch-colour
associations have only been investigated in sighted in-
dividuals, and the role of perceptual versus conceptual un-
derstanding of colour in touch-colour associations remained
unexplored.

In this project, we examined whether accurate and
ongoing visual experience is necessary for touch-colour
crossmodal correspondences in typical (non-synaesthete)
associations. To study touch-colour associations in the
absence of sensory colour perception, we investigated these
associations in participant M.S., an acquired achromatopsic
observer. M.S. lost his colour vision after ventromedial
occipito-temporal brain damage (Cowey & Heywood, 1997;
Heywood et al., 1991; Smits et al., 2019). Although M.S. lost
the ability to perceive colour, other aspects of his vision
remain intact, allowing us to isolate the role of sensory colour
processing. We tested the role of sensory colour processing in
touch-colour associations by contrasting a sensory colour
processing task (choose a colour patch) with a semantic task
(choose a colour word). This case allowed us to study whether
touch-colour associations can persist without sensory colour
perception.

Several studies have shown that monochromats and blind
people can have a semantic understanding of colour (Shepard
& Cooper, 1992; Kim et al., 2021; Jonauskaite et al., 2025,
Saysani et al.,, 2018a; Saysani et al.,, 2018b; Saysani et al,,
2021), and can experience crossmodal correspondences that
are similar to those of typically sighted participants (Saysani,
2019; Barilari et al., 2018; Hamilton-Fletcher et al., 2018).
Therefore, we predicted that M.S. will have typical touch-
colour associations when the response options are colour
words, but no touch-colour associations not when the
response options are colour patches.

2. Method
2.1. Case history

M.S. is a 75 year old, left-handed male. Patient M.S.’s condi-
tion has been described in detail in earlier studies and will be
briefly summarized here. In 1970, at the age of 22, M.S. suf-
fered a febrile disease, diagnosed as herpes encephalitis,
which caused substantial medial occipito-temporal damage
in both hemispheres that is clearly visible in MR imaging
(from previous studies: Cowey & Heywood, 1997; Heywood
et al,, 1991; Smits et al., 2019). In M.S., V1 is damaged in
both hemispheres, but to a different extent: left hemisphere
V1 still showed increased activation in response to visual
stimuli, whereas right hemisphere V1 is largely ablated and
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structurally disconnected from other cortical areas causing a
complete left-sided hemianopia (Smits et al., 2019). Before he
suffered herpes encephalitis, M.S. was able to see colours
normally. Following the acute stage of the disease, M.S.
retained normal Snellen visual acuity in each eye (Heywood
et al,, 1991; Mollon et al., 1980), but could no longer name,
identify, image, match or detect colours, and his perfor-
mance on the Farnsworth-Munsell 100 hue test is no better
than chance (Mollon et al., 1980). His colour perception deficit
is selective in that his perception of motion, shapes, line
orientation, location and texture is preserved, he can still
read, and he has an average verbal IQ (de Haan et al., 1995). A
decline in M.S.’s semantic memory for colour was docu-
mented in 1975: while he could still name the colour of
certain objects, such as grass, he was unable to do so for
others, like a banana (Mollon et al., 1980). M.S. never
exhibited apraxia or sensorimotor loss (de Haan et al., 1995),
but he also suffers from memory problems, object agnosia
(Seijdel et al., 2021), topographic disorientation, a distur-
bance in semantic memory (de Haan et al., 2020) and an
inability to recognize familiar faces (de Haan et al., 1995). M.
S.’s visual and memory problems remained unchanged 40
years after he was first studied (Chadwick et al., 2019; de
Haan et al,, 2020); as his task performance is consistent
over time, there is no reason to assume cognitive decline.

This study received ethical approval from the Ethics
Committee of the School of Psychology at Nottingham Uni-
versity. All procedures were conducted in accordance with the
guidelines provided by the committee.

2.2. Control participants

Seventeen male participants aged 65 to 78 years old
(mean = 69.9, SD = 3.6) participated in the experiment as
control participants. Control participants were matched to M.
S. based on gender and age. The sample size was based on the
study of Huber et al. (2015), who suggested that a group of
15—20 participants is sufficient to achieve acceptable statisti-
cal power when comparing a single case to a control group in a
similar analysis. Control participants performed the experi-
ments in Dutch, as this was their native language. Colour
blindness was assessed by the Ishihara test (Clark, 1924) and
cognitive decline was assessed by the Montreal Cognitive
Assessment (MOCA) test (Nasreddine et al., 2005). None of the
participants were colour-blind or exhibited signs of cognitive
decline.

(=]

Coldness

Tackiness

Softness

All participants signed informed consent before taking part
in the study. This study received ethical approval from the
Ethics Committee of the University of Amsterdam (FMG-426).
All procedures were conducted in accordance with the
guidelines provided by the committee.

2.3. Stimuli

In this experiment, we used stimuli that varied on five tactile
dimensions, perceived as tackiness (=stickiness), coldness,
softness, roughness and sharpness (see Fig. 1). The stimuli
were made specifically for our touch-colour experiments by
the Lipomi laboratory in the Department of Chemical and
Nano Engineering at UC San Diego. This group specializes in
producing materials with finely tuned surface and bulk
properties for understanding the tactile sense (Carpenter
et al., 2018; Lipomi et al., 2020). The collaboration between
the Lipomi nanoengineering laboratory and our laboratory
enables us to study the link between material properties and
human perception. We provide a short description of the
materials below; for a detailed description see Root et al.
(2025), in which tactile-to-colour associations were
measured in typical (sighted) participants. The stimuli used in
this study correspond to the most intense stimulus per
dimension in the Root et al. study (i.e. ‘stickiest, ‘coldest,
‘softest, ‘roughest’, ‘sharpest’).

The stimuli are small cubes of 1 x 1x1 inch, except for the
sharp stimulus, which is a triangular prism of 1 x 1 inch base
with the triangle top edge at a height of 1 inch.

Tackiness. The manipulation of tackiness involved spin-
coating a thin layer of polydimethylsiloxane (PDMS) with a
controlled crosslinker curing agent ratio on cleaned glass. A
ratio of 80:1 was used for this experiment.

Coldness. The manipulation of coldness involved selecting a
material with a desired thermal conductivity, and conse-
quently, controlling the rate of heat dissipation from the skin
into the material. In this experiment, the cube was made of
copper, which was perceived as coldest in the experiment of
Root et al. (2025). The cube was spin coated with .7 mL 11wt
% polymethyl methacrylate in anisole (PMMA), yielding a
~5 pum thick layer of PMMA.

Softness. The manipulation of softness involved using bulk
PDMS with a controlled crosslinker curing agent ratio. A ratio
of 80:1 was used for this experiment. A thin polyethylene film
is placed on the PDMS surface to control other perceived
surface properties (e.g. tackiness).

i‘?"‘ 5

Roughness Sharpness

Fig. 1 — Stimuli used in the experiment.
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Roughness. The manipulation of roughness involved 3D-
printing a flat plate, using photopolymer resin, with a
controlled spacing of raised bumps shaped as truncated
cones. A spacing of 1.875 mm between micropillar arrays was
used for this experiment.

Sharpness. The manipulation of sharpness involved 3D-
printing a triangular prism, using photopolymer resin, with a
controlled prism peak radius. A prism peak radius of 0 mm
was used for this experiment.

The stimuli were designed to fit inside 3D-printed hooded
stimulus boxes, so that the participants could touch the
stimuli without being able to see them. The response options
were displayed on a MacBook air 13 inch with a 13.6 inch
Liquid Retina display with True Tone and standard display
settings in typical office conditions. The resolution of the
screen was 2560 by 1664 pixels. The response options were
presented on the same screen with full brightness for each
participant. The experiments were programmed in Psychopy
v2023.2.3 (Peirce et al., 2019).

Colour Choices. For each dimension, there were two
response options. The options were based on results of touch
to colour associations in 38 participants with typical colour
vision (Root et al., 2025). In the current study, one response
option was the colour that was found by Root et al. to be most
associated with the stimulus material and the other option
was a colour that was not commonly chosen for that stimulus
material. For both M.S. and the control group, the colour
patches were 200 x 200 pixel solid-coloured squares presented
on the right side of the screen (M.S. has a left homonymous
hemianopia and often misses stimuli on the left side of the
screen); one colour patch was on the upper right of the screen
and the other was on the lower right of the screen. The
response options were fixed per material, but per material it
differed whether the most associated colour or uncommonly
chosen colour was located at the top or bottom of the screen.
This setup ensured that the experiment was identical for M.S.
and control participants.

The second task was identical with the exception that
colour words (instead of colour patches) were shown to the
participants. The colour words were the verbal labels of the
colours of the patches in the first experiment (see Table 1). The
height of the text was 50 pixels. The task was in the native
language of the participant: for M.S. the task was in English,
and for the control participants the task was in Dutch.

2.4. Procedure

Both the task with colour patches and the task with colour
words included two trials per tactile dimension. We decided to
include only two trials per tactile dimension in each block
because we were concerned that participants would remember

Table 1 — Response options used in the colour words and
colour patches task, based on Figure 2 from Root et al.
(2025).

Tacky Cold Soft Rough Sharp

Pink Brown Red
Green Blue Blue White

Most associated colour Green Blue
Uncommonly chosen colour Blue

their colour choice for a specific material if they were repeat-
edly exposed to a certain stimulus in a short timeframe, and
thus that their answers on the trials would reflect memory or
cognitive strategies rather than genuine touch-colour associa-
tions. We aimed to minimize this memory effect by limiting the
number of trials to capture participants’ spontaneous touch-
colour associations, and encouraging participants to choose
intuitively (“the first colour that came to mind”). Both tasks
consisted of 10 trials per block and each block was performed
three times by each participant. The order of the trials within
the blocks was pseudo-randomized.

The experimenter guided the index finger of the partici-
pants to one of the textures in the box and the participants
were asked to freely explore the top surface of the stimulus
using the fingertip of their index finger. Participants used the
same index finger throughout the test and they were
instructed to choose the coloured patch/colour word that they
associated most with the touched material. Participants could
use the index finger of the hand they were most comfortable
using during the experiment, as previous research has found
no differences in tactile sensitivity between the dominant or
non-dominant hand (Millar & Al-Attar, 2003; Finlayson &
Reitan, 1976; Carmon et al., 1969; Germer et al., 2021). There
were no time restrictions for exploring the stimuli, but par-
ticipants were instructed to name the first colour that came to
mind. Participants were instructed to freely explore the
texture, as the best way to explore the stimulus differs for
each material. For example, pressing would be better for
softness, while rubbing the finger along the surface would be
better for roughness. To avoid biasing participants, we did not
give any information about the stimulus they would touch
next, thus free exploration gave most opportunity to optimize
their tactile explorations. The same instructions were given to
M.S. and control participants. The experimenter was always
present during the experiment to check whether someone
was touching the stimulus. M.S. responded by saying ‘upper’
or ‘lower’, whereafter the experimenter pressed the corre-
sponding button on the button box to record the response. The
control participants responded by pressing the buttons
themselves. We initially planned for M.S. to respond by
pressing the buttons himself, but pilot trials revealed that
using the button boxes was too confusing for M.S. Therefore,
we decided to let him respond verbally. When unsure, par-
ticipants were instructed to guess. We planned to exclude
participants who pressed only one of the buttons throughout
the whole experiment, but no participant did so. The re-
sponses were recorded with Psychopy (v2023.2.3).

3. Results

To determine if M.S.’s touch-colour associations are compa-
rable to those of the control participants, we performed a lo-
gistic regression (Shadish et al., 2013; DeHart & Kaplan, 2019;
Huber et al., 2015; Li et al., 2023) in which the dependent var-
iable was choice (most associated vs uncommon colour), and
the independent variables were task (colour patch vs colour
word) and participant category (M.S. vs control). Since tactile
dimension was not included as an independent variable, this
analysis was performed based on all 30 trials from each
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participant, resulting in a total of 510 trials for the control
group (17 participants x 30 trials) and 30 for M.S. The interac-
tion effect between task and participant category was signifi-
cant (8 = — 146, SE = 058 WaldZ = — 2.50, p = 0.012),
indicating that the effect of the task on choosing the most
associated colour differed between patient M.S. and controls.
Specifically, post-hoc binomial tests indicate that M.S. more
frequently selected the associated colour word than would be
expected by random selection (p = .0052) but his responses
when choosing colour patches were indistinguishable from
random choice (p = 0.856). In contrast, controls more
frequently selected the associated colour in both the words
(p<0.001) and the patches (p <0.001) condition. Fig. 2 depicts
the logistic regression estimated marginal means per task and
participant category (back-transformed to response probabili-
ties), which show that M.S.’s responses were indistinguishable
from random choice in the patches condition, but non-random
(typically choosing the associated colour) in the words condi-
tion. Fig. 2 also shows a significant interaction effect: M.S.’s
choices differed significantly from control participants on the
patches condition, but were statistically indistinguishable
from control participants on the words condition.

Not only did M.S. frequently choose the associated colour
in the words condition, he did so with a probability (77%) that
was remarkably similar to control participants (75%). To
quantify this similarity and to assess its statistical signifi-
cance, we conducted an exploratory analysis to further
investigate our findings. We fitted separate logistic regression
models for each condition (patch or word) with just M.S.’s
data. For each regression, the dependent variable was choice
(most associated vs uncommon colour), the independent
variable was predicted response (the proportion of trials in
which control participants chose the most associated colour
for that stimulus), and the intercept was zero. By comparing
these models to models in which the predicted response term
was removed (using a Likelihood Ratio Test), we could quan-
tify the degree to which the responses of the control

Touch-color associations

@ Patient M.S.
@ Controls

Probability of choosing
the associated colour

0.0 words patches

Task

Fig. 2 — Results of the forced-choice touch-colour task. The
red diamond indicates the marginal estimated mean
(transformed to response scale) for the probability that M.S.
chose the most associated colour. The black dot shows the
estimated mean for the probability that the controls chose
the most associated colour. The error bars are 95%
confidence intervals on the estimated marginal mean
(transformed to response scale). The horizontal blue line
indicates chance.

participants predicted the responses of M.S (Wilks, 1938). For
the patch condition, using controls' data as a predictor did not
improve the model fit (x*(1) = 0.14,p = 0.71), indicating that
for the colour patch condition the responses of M.S. were not
significantly related to the responses of controls. In contrast,
for the words condition, using controls' data as a predictor
significantly improved the model fit (x?(1) = 11.76,p <0.001),
indicating that control participants' responses were predictive
of the responses of M.S.

4, Discussion

The aim of this study was to explore touch-colour associations
in achromatopsia. Our main question was whether sensory
colour perception is necessary for having consistent touch-
colour correspondences. To evaluate if M.S. shows these
touch-colour associations, we used a touch-colour association
task in which M.S. was asked to choose, from two choice op-
tions, the colour he associated most with the stimulus mate-
rial. The results showed that M.S. does not exhibit touch-
colour associations when the response options were colour
patches, confirming that M.S. did not have intact colour
perception. However, when the response options were colour
words, M.S. shows touch-colour associations that are similar
to typically sighted participants, suggesting that touch-colour
associations can exist without accurate and ongoing intact
colour perception.

Given that a participant with achromatopsia exhibited
touch-colour correspondences similar to those of typically
sighted participants when responding to colour words, we
propose that conceptual knowledge is sufficient to support
touch-colour associations, possibly mediated by language or
culturally learned associations (Spence, 2011). Whereas the
Bouba-Kiki effect and pitch—size associations appear to rely
on accurate and ongoing visual experience (Fryer et al., 2014;
Hamilton-Fletcher et al., 2018; Piller et al., 2023; Sourav et al.,
2019), our findings show touch-colour associations do not
rely on immediate sensory colour input. It is of course entirely
possible that sensory processes play a role in touch-colour
associations in typically sighted individuals. However, the
current case suggests that this is not necessary: such associa-
tions can also arise from conceptual knowledge of colour.

One limitation inherent in case studies of individuals with
brain damage is that the patient's extensive medial occipito-
temporal brain damage could have some unforeseen influ-
ence on the result. However, in this study, we used both an
internal manipulation (patches vs words) and an external
control (M.S. vs controls), and observed an interaction: M.S.’s
choices were similar to the choices of controls for words, but
not for patches. We find it unlikely that this interaction was
caused by occipito-temporal brain damage, as it is highly
improbable that brain damage would lead to a pattern of as-
sociations in the words condition that was similar to controls.
Additionally, if touch-colour associations were affected by
other neuropsychological factors such as handedness, motor
performance or tactile perception, such influences would
likely affect choices in both tasks.

Our results align well with previous research suggesting
that crossmodal correspondences can be based on conceptual
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understanding (Saysani, 2019; Barilari et al., 2018; Jonauskaite
et al., 2021; Jonauskaite et al., 2025). Finding that M.S. shows
touch-colour associations when words are presented, and
that he shows similar touch-colour associations as typically
sighted participants, also supports earlier findings suggesting
that achromatopsic individuals have a similar conceptual
understanding to typically sighted participants (Jonauskaite
et al., 2025; Kim et al.,, 2021; Saysani et al., 2018b; Shepard &
Cooper, 1992).

Some studies reported crossmodal correspondences based
on sensory experience (e.g., Bouba-Kiki: Fryer et al., 2014;
pitch-shape: Hamilton-Fletcher et al., 2018) whereas other
studies found crossmodal correspondences based on a con-
ceptual understanding (e.g.. colour-emotion: Jonauskaite
et al,, 2021; Jonauskaite et al., 2025; pitch-colour: Saysani,
2019; weight-colour: Barilari et al., 2018). Thus, we cannot
necessarily generalize findings about the functional basis of
one type of correspondence to another. Crossmodal corre-
spondences across different modalities may rely on different
underlying mechanisms and should therefore be interpreted
with caution. Moreover, crossmodal correspondences might
vary across materials. They may differ in strength or rely on
distinct underlying mechanisms. In the present study, we
assessed associations across materials, without analysing
each material separately, due to an insufficient number of
trials per material. Future research should explore potential
differences between materials in more detail.

While we found that crossmodal correspondences can
exist without intact sensory colour processing, it remains
unclear whether touch-colour synaesthesia can occur in the
absence of immediate sensory colour input. Touch-colour
synaesthesia is a condition in which one experiences colour
with haptic sensations. For instance, Simner and Ludwig
(2012) described a case of touch-colour synaesthesia, E.B.,
who perceives colour in the mind's eye with tactile explora-
tion. Interestingly, synaesthetic colour experiences have also
been reported in blind individuals (Niccolai et al., 2012; Steven
et al., 2006; Steven & Blakemore, 2004), suggesting that such
experiences can arise in the absence of immediate visual
input. At present, it is unclear which exact mechanisms un-
derlie consistent implicit crossmodal associations in synaes-
thetes and non-synaesthetes. However, our findings do show
that these associations can be observed in a non-synaesthete
without active sensory colour processing.

Based on the idea that conceptual colour understanding is
sufficient for touch-colour associations, it seems plausible
that these associations could be present in individuals who
have never experienced colour perceptually, such as people
who are congenitally blind or born with achromatopsia. Pre-
vious studies showed that individuals who are blind or colour-
deficient have a conceptual colour understanding comparable
with typically sighted individuals (Jonauskaite et al., 2025; Kim
et al., 2021; Saysani et al., 2018b; Shepard & Cooper, 1992).
Nevertheless, in the same studies, a greater variability has
been reported among congenitally blind individuals compared
to sighted and late blind groups. This variability might arise
because of differences in interest or engagement with colour
(Saysani et al., 2018b; Saysani, et al., 2021; Shepard & Cooper,
1992), potentially resulting in individual variation in the

strength or nature of touch-colour associations in congenitally
blind individuals. This could be explored in future research.

In conclusion, our findings contribute to fundamental
knowledge about touch-colour associations. We found that M.
S. does not show touch-colour associations with colour
patches, but does show typical touch-colour associations with
colour words. We concluded that touch-colour correspon-
dences in typical observers may be due to the processing of
colour concepts, possibly in addition to the effects of colour
processing. In sum, it is possible to have touch-colour asso-
ciations without intact sensory colour processing, and thus
touch-colour associations might be based on a conceptual
understanding of colour.
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Table A.1 — frequency of choosing the most associated and the uncommonly
chosen colour for the colour words task in M.S..

Tacky Cold Soft Rough Sharp

Most associated colour 2 3 6 6 6
Uncommonly chosen colour 4 3 0 0 0

Table A.2 — frequency of choosing the most associated and the uncommonly
chosen colour for the colour patches task in M.S..

Tacky Cold Soft Rough Sharp

Most associated colour 5 3 4 1 1
Uncommonly chosen colour 1 3 2 5 5

Table A.3 — frequency of choosing the most associated and the uncommonly
chosen colour for the colour words task in control participants.

Tacky Cold Soft Rough Sharp

Most associated colour 65 63 90 86 79
Uncommonly chosen colour 37 39 12 16 23

Table A.4 — frequency of choosing the most associated and the uncommonly
chosen colour for the colour patches task in control participants.

Tacky Cold Soft Rough Sharp

Most associated colour 73 71 92 76 84
Uncommonly chosen colour 29 31 10 26 18
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Appendix B. touch-colour associations per
participant

Touch-color associations per participant

1.0

@ Controls

Probability of choosing
the associated colour

@ Patient M.S.

words

Task

patch

Fig. B.1 — Results of the forced-choice touch-colour task per participant. The red diamond indicates the probability of M.S.
choosing the most associated colour. The black dot shows the probability that the controls chose the most associated
colour, where each black dot represents a participant. X values are jittered to reduce visual overlap. The grey lines connect
the dots that belong to one participant. The horizontal blue line indicates chance. This figure shows that only patient M.S.
drops from above chance-level for words to chance-level for patches.
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