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Abstract

Crosssensory correspondenca®the systematic associatiodemonstrated to arise
betweernvariousfeature dimensions such thheirrelative extremearealigned.lt has been
proposed that correspondenegse as a result of cresalk between abstract, amodal
connotations of a core set of feature dimens(&8Valker, 2016) Although there is some
evidence to suggest that a dimension denoting heaviness majjunethamong a set of
aligned feature dimension, the evidence to demonstrate this is limited. The present work
exploreswhetherheaviness, as received through the lifting of weighted objeetg enter
into this scheme of correspondendasaddition,the separate contributions tfe heaviness
and size of liftedbbjectsto the crossactivation ofotherfeature dimensiasis also
consideredThe influences of size and heaviness were explored in light of theveight
illusion; a phenomenon where the safeequally weighted objects alters their felt heaviness
such that the smaller objectagperiencedo be heavier than the larger objectséyies of
rating scale tsks were conducted, examining whetheaviness can induce predicted
correspondences witliteer feature dimensions. It was demonstratedhavier objects were
consistently aligned witdark andlow pitch. Further confirmaon for these mappings was
sought through a series of speeded classification tasks. The hedorigbssess mapping
wasdemonstrated to influence response speedbrightness classification tasthere
objects varying in heaviness were used as response keys. In both rating scale and speeded
classification tasksthe heavinesbrightness correspondencentinued to form th basis of
crosssensory interactions despttee potential for a sizbrightness correspondence. The
present work confirms that creastivation between dimensions can be accessed through the
manipulation of felt objects. What is more, support is provided framework of aligned
feature dimensions, their conceptual nature anéhttiesion of heaviness among this

proposed network of dimensions.
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Chapter 1

1.1 CrossSensory Correspondences

Our perceptual experience is made up of information that is drawn together from
various sensory channels. In some cases, the same information can be received by different
channels, for example we can experience the shape or size of an object througindouch
through vision. However in other cases, these channels capture aspects of our environment
which are quite different: auditory pitch is a very different sensory feature to visual
brightness. However, despite their obvious differences, these quitetdsstisory features
seem to be more closely related than on first inspection. It has been demonstrated that people
tend to align relative extremes of various feature dimensions in a particular way. Evidence of
these systematic associations, termed esessory correspondences, has emerged through
several independent research areas including psychophysics, language, and study of the
condition synaesthesia. It has now become an area of research in its own right, and is the

topic of interest in the presermesis.

1.1.1CrossSensory Correspondences in Language

In language, the interrelatedness of different types of sensory information can be
observed in our use of metaphors such as the sharpness of a taste or the heaviness of a scent.
In many different langages, the labels used to mean high or low pitch are words which also
refer to other sensory feature dimensions. For example, in English the same verbal labels are
used to mean high and low in spatial elevation as well as high and low pitch. Speakers of
Farsi use thick (for low pitch) and thin (for high pitch); in Kpelle the word heavy (for low
pitch) and light (for high pitch) are used; and speakers of Norwegian use dark (for low pitch)

and bright (for high pitch) (Eitan and Timmers, 2010). Eitan and Tim{@€10) explored
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whether there is universal agreement about how the extremes of different feature dimensions
are assigned to extremes of auditory pitch in various languages. To test this, Western
participants (familiar with a pitcbpatial elevation majmpy) were asked to assign extremes

of 29 different dimensions, used in n@festern or historical languages to mean high and low
pitch, to describe segments of music varying in pitch register. These labels included sensory
feature dimensions such as ligleévy, big/small, and sharp/blunt, as well as more complex
ideas such as alert/sleepy, happy/sad, and feminine/masculine. Substantial agreement was
found in the way extremes were mapped onto high and low pitch. High pitch being rated by
the majority of paitipants as, among other things, active (vs. passive), fast (vs. slow), light
(vs. heavy), bright (vs. dark), small (vs. big), sharp (vs. blunt and heavy), alert (vs. sleepy),

happy (vs. sad) and feminine (vs. masculine).

1.1.2 CrossSensory Correspondencein Synaesthesia

Systematic mappings between various senses have also been found in the perceptual
experience of people with the condition synaesthesia. For people with synaesthesia,
perceptual experience in one sensory channel is induced automascaligsult of input
from another. For example, in hearimigual synaesthesia, a person may see shapes and
colours in their visual field in response to hearing sounds such as music or speech (Day,
2005). Other examples include experiencing tastes in resgorhearing words (Ward and
Simner, 2003) or experiencing various visual arrays in response to smells (Cytowic, 1993).
Typically, the specific mapping of one particular sensory feature onto another is idiosyncratic
in nature, varying from person to pens However, systematic patterns have been observed.
For example, there is a tendency for higher pitch sounds to induce visual images that are
brighter, smaller and pointier than low pitch sounds (Marks, 1974; 1975; 1978; Marks,

Hammeal and Bornstein, 198W%ard,Huckstep and Tsakanika2006).
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Interestingly, the same cressensory patterns found in synaesthesia are consistent
with mappings made by people who do not have synaesthesia (Ward, Huckstep and
Tsakankos,2006; Karwoski, Odbert and Osgood, 1942arwoski et al (1942) asked people
with and without synaesthesia to draw what they experience visually (or what might be
suggested) when listening to different pieces of clarinet music. Both groups exhibited
consistencies in the visual images they predu&or example, a rising trill followed by a
descending trill was represented with, among other things, lines that ascended and descended
in visual space; a dark colour which became bright and then dark again; or a coil of rope that

started off thick, beame thinner and then thicker again.
1.1.3 CrossModal Matching

The systematic associations that people make between various feature dimensions
have become a topic of interest in their own right. Early work focused predominantly on
associations between aaeisual feature dimensions, such as how sounds varying in
loudness or in pitch map onto visual stimuli varying in luminance, brightaasishue with
findings indicating that louder and lower pitch sounds are matched to stimuli that are dimmer
and darkewisual stimuli (Bond and Stevens, 1969; Marks, 1974; Root and Ross, 1965;
Stevens and Marks, 1965; Wicker, 1968). The mapping between brightness and pitch is
consistent with the alignment experienced by people with headlogir synaesthesia
(Karwoski, & al., 1942) and has been demonstrated to arise with auditory stimuli varying in
degree of complexity. For example, segments of classical music that varied in pitch register
and pairs of tones ascending or descending in pitch (Collier and Hubbard, 200&y¢Hu

1996; Karwoski, et al., 1942).
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Other feature dimensions have also been observed to enter into systematic
associations. Size has been demonstrated to correspond with both pitch and brightness such
that people are consistent in matchimggerwith darkerandlower in pitch(P.Walker and
Smith 1985; P. Walker and Walker, 2012; L. Walker, Walker and Francis, 2012). Similarly,
adults expect pointier shapes to make a higher pitch sound (e.g. if they were struck by another
object or if they were to comte life and make a sound) compared to more rounded shapes
(P.Walker, et al., 2010; P. Walker, 2012). Other consistencies relating to pointiness have been
observed in sound symbolism research where ibbasdemonstrated that people show
consensus in aggiing nonsense words to visual stimuli varying in characteristics such as
size and pointiness. For example, Kohler (1929) demonstrated that when people are asked to
label a pointy and a rounded shape with two nonsense words, people are more likelyto assig
the word Abalumao to a more rounded shape an
thance versa. Thisfindihghasu bs equent |l y been replicated wi

Aki ki 0 (Ramachandran and Hubbardet. 2001; 2003

In a comprehensive exploration of the associations people make between feature
dimensions, L.Walker, et al. (2012) asked participants to rate stimuli which contrasted in
either size (perceived visually or through touch), pointiness, brightnessteimdpa set of
twelve rating scales which captured the dimensions: bdgtk, smakHbig, fastslow, light
heavy, highlow (in spatial elevation and in pitch), thihick, activepassive, sharplunt,
shallowdeep, wealstrong and hardoft. It was foud that irrespective of which feature
dimension was being rated, the same assignment of extremes to stimuli varying in brightness,

pitch, size and pointiness emerged (see Figure 1.1).
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Figure 1.1The alignment of feature dimensions observed.bwalker,Walker and
Francis (2012)hen presented with stimuli varying in a) size b) brightness c) pitch and d)
pointiness Dimensions in black were presented to participants as 3 stimuli, and also
appeared as rating scale dimensions when other stimuli were rategl (dark blue). The
light blue dimensions represent the other features asked abdbesame systematic
alignment ofdimensionsvas observed irrespective of which dimension was being
presented. Note the dimensions: hasbft, weakstrong and higHow in spatial elevation
were rated but have not been included as they did not correspond with all feature
dimensions (in the case of spatial elevation, this did not correspond with other dimensions

as it was controlledor in the stimuli presentef

1.1.4Cross-Sensory Correspondences anthformation Processing

The same pattern of correspondences has been demonstrated to influence performance
in tasks where explicit matching between feature dimensions is not required. For example,
the pitchofasoundcaninfle nce peopleds ability to find a
in accordance with a piterightness correspondence (Klapetek, Ngo and Spence, 2012). In
addition, the Implicit Association Task (IAT) has been used to confirm correspondences
includingbetween pitch and size, and associations from sound symbolism research including
between pointy and rounded stimuli with wotdketeandmaluma(Parise and Spence,
2012).The task most widely used to explore whether correspondences can influence
information processing is the speedédssification task. In this task, participants are
required to make speeded judgements about stimuli varying along one feature dimension,
such as whether visual stimul.i are Abrighto

another feature varying orthogonally/independewily the first onghat is incidental to the
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task demands (i.e. does not require attendingAithough this second feature is, strictly
speaking, irrelevant to the classification decision, it has been demonstrated that performance
(speed and accuracy of responses) can be influenced by whether or not the two features
presented happen to correspavith one another in accordance with the alignments

demonstrated in conscious rating tasks.

Bernstein and Edelman (1971) used this paradigm to explore if the pitch of
incidentally presented sounds interferes with the ability to categorise stimuli varying
vertical location. The demonstration that responses are faster when position in space is
congruent with auditory pitch (a stimulus at a high position in space is presented with a high
pitch sound and a stimulus at a low position in space is preserted loiv pitch sound), as
opposed to incongruent, has subsequently been replicated several timést@gBand
Marks, 1995; Chiou and Rich, 2012; Evans and Treisman, 2010; Lidji, Kolinsky, Lochy and
Morais, 2007; Patching and Quinlan, 2002; Rusconi, KWaordano, Umilta and
Butterworth, 2006). The speedeftassification task has also been used to demonstrate the
same alignment of pitch with other feature dimensions including size (Evans and Treisman,
2010; Gallace and Spence, 2006), brightness (Mel@8%; Martino and Marks, 1999;

Marks, 1987) and pointiness (Marks, 1987).

1.1.4.1 Levels of Processing

The involuntary nature of congruity effects in the speeded classification task may
suggest that they arise at lower stages of perceptual processiegaRgle, presenting a
tone of a certain pitch may alter the threshold at which a simultaneously presented light
appears brighter or darker, subsequently influencing the speed with which it can be classified.
One attempt to isolate low level interactiongiispeededlassification task comes from

Evans and Treisman (2010). They demonstrated that a congruency effect arises between pitch
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and spatial location, and pitch and spatial frequency (a grating pattern containing more or less
lines) even when both dfi¢ feature dimensions were task irrelevant (the task required
participants to identify the timbre of a sound or orientation of the grating pattern). In these
cases, the size of the effect was demonstrated to be similar in the indirect task as in a direct
task where one of the target feature dimensions was being classified. According to Evans and
Treisman (2010) this suggests that higher cognitive levels of processing, such as attention,

are not required for congruity effects to arise.

Chiou and Rich (202) argue that the speedeldssification task cannatolate the
stagein processing thatrosssensory correspondences may influence performdiugs is
because the tasikvolves response selection, and it is possikde fisature congruitiias an
influence at this levekven in an indirect task. Chiou and Rich (2012) used a speeded
detection task, to determine if the congruity effect between vertical location and pitch arise at
a point earlier than response seledctigpecifically, influencing atte¢ronal mechanismsrhe
speededietection taskequired participants to make the samgponse whesvera visual
stimulus appears; removing any response selédigmiminatory element3 hey found that
presenting sounds varying in pitch induced shiftatteantionto higher or lower position in
space and as sualngued that the association betwé#egsefeature dimensions interferes
with performance at an attentional levEhe demonstration that thisieing effect is
influenced by the context defining ative pitch values and that it can influenced by top

down control, pl aces the congruity effect at

Although it is difficult to isolate lower level processes in tasks such as the speeded
classification task;n some casegongruity effects can only be explainedtogher level
processed~or exampleGallace and Spence (200gmonstrated that the use of the spoken

words fAhigho and fAl owd interfered with the ¢
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were faster when the wohdgh was presented with smaller visual stimuli do was

presented with bigger visual stimuli, in the same way as occurs when the sounds themselves

are used. P. Walker and Smith (1984; 1985) demonstrated that the size ofedsgysns

and/ or the pitch of a sound influenced part:.
describing extremes of feature dimensions, such as dull vs bright and heavy vs light. The
findings suggest that the congruity effect occurs after the lingpigicessing of the features,

and must be interacting at a conceptual/semantic level, not at a lower sensory level since no

physical property was being presented (see also, Martino and Marks, 1999).

1.1.5 Perceptual Judgement Tasks

As well as influencinghe speed in which classification decisions can be made; cross
sensory correspondences have been demonstrat
judgements (Maeda, Kanai and Shimojo, 2004; Parise and Spence, 2009; Bien, Oever,

Goebel and Sack, 2012). Maedaal. (2004) demonstrated that visual grating patterns

moving ambiguously were more likely to be judged as ascending (or descending) when a
simultaneously presented sound ascended (or descended) in pitch. This was only the case
when the stimuli onsets weewithin 100ms of each other (see also Miller, Werner and

Wapner, 1958). Interestingly, unlike with speedtaksification tasks, the presentation of the
spoken word O6updé or O6downd did not have the
al., 2004). 8nilarly, hand movements gesturing either upwards or downwards in direction
have been demonstrated to bias how high or low pitch an observer will perceive a sung note.
Notes that were accompanied with a hand gesture moving upwards were more likely to be
considered as higher and notes accompanied with a hand gesture moving downwards were
more likely to be considered as lower in pitch compared to tones of equivalent pitch

presented beforehand (Connell, Cai and Holler, 2012).
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In addition, crossensory congrence can influence judgements about amodal aspects
of multi-sensory stimuli. For example, Bien, et al. (2012) found that when a circle is
presented visually to the |l eft or right of a
simultaneously presésd sound is coming from, is biased by whether the relative size of the
circle is consistent with the relative pitch of the sound (in accordance with thgtsize
mapping). Participants were more likely to judge both features as coming from the same
postion when they were congruent (a high pitch sound being presented with a smaller circle
and a low pitch sound being presented with a larger circle) compared to when they were
incongruent. Also, when presented with audigual stimuli that were discrepanttemporal
onset or spatial locatioparticipansbability to discern whether auditory and visual
information were separate in temporal onset or spatial location was more difficult when they
were congruent versus incongruent in accordance with agitetand with a pitclshape

correspondences (Parise and Spence, 2009).

1.1.5.1 CrossSensory Correspondences as Cues for Sensory Integration

In light of evidence to suggest that correspondences can influence our perceptual
experience, Parise and Spen2@09) argue that this indicates that cresasory
correspondences have a role in sensamiggration such that features that are congruent, in
accordance with the alignment of correspondences, are more likely to be bound together.
Parise (2015) suggestsat a meaningful way of understanding cresasory
correspondences is within the context of sensory cue integration. According to this account,
perception is an Ainference problemd (Hel mho
information is combined witprior knowledge to arrive at a final estimate of our

environment. In the case of cressnsory correspondences, the congruence between extremes
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of various feature dimensions is argued to be a form of prior knowledge which has a

subsequent influence of tfieal perceptual experience (Spence, 2011; Ernst, 2006).

1.1.5.2 A Bayesian Approach

A Bayesian approach has been used as a way to understanserresssy
correspondences in terms of cue integration (Ernst, 2006; Parise and Spence, 2009). Within
this aproach, crossensory correspondences are represented as coupling priors: probability
distributions which reflect the likelihood of a value along one feature dimension according to
the value on another dimension. It is proposed that perception is a ppbodsgrating
estimates from these priors with estimates from the sensory input being received in a
statistically optimal way. The stronger the coupling of two features (the less variability in the

shared probability distribution) the more likely thesattires will be bound.

Thefindings describeth Section 1.1.%5lemonstratéow the integration afensory
informationtends to shift perceptual judgemémivards theelativeextreme of the sensory
feature values presentddowever, in some cases the judgements shift away from the
alignment of the presented extremieésr example, it has been observed that feature
dimensions including size and brightness can influence the felt heaviness of lifted objects in
the opposite direwn to thefeatures are thought to align ipphenomena known as weight
illusions. In the size weight illusion, for example, the larger of two equally weighted objects
is felt to be lighter (contrary to expectation) than a smaller object (Murray, Edim]dsnir
and Ross, 1999). Similarly, in the brightness weight illusion, the darker of two, otherwise
identical, objects is expected to be heavier but felt to be lighter than the brighter object when
lifted (P. Walker, Francis and Walker, 2010). In weighisions the judged heaviness of
objects is the opposite of what may have been anticipated by the feature dimension that is

acting as a cue to heaviness (in these cases size and brightness). On the one hand, this does
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indicate that prior expectations abdl relationships between feature dimensions, such as

size and brightness with heaviness, do interact with sensory input to influence the resulting
perceptual experience. However, since the final perceptual experience of heaviness is a

contrast effect, theizeweight illusion (and by extension other weight illusion) have been

t er meeafyerstiiano (Ernst, 2009) and i s- somewhat

sensory correspondences within a unified Bayesian framework.

1.2 Origins of CrossSensory rrespondences

1.2.1 CoeOccurrences in our Environment

The suggestion that correspondences have a role in sensory integration, including the
use of the Bayesian approach, relies on an assumption that the observed alignment of feature
dimensions reflects a relatiship present in our external environment. If this were not the
case, the integration of sensory input with prior knowledge including-serssory
correspondences would offer no advantage in estimating aspects of our environment. Parise
(2016)proposesttatthe relationshipbetween different feature dimensions can be described
along a continuunpairs of features cdme considered anywhere between redunflainéere
two sources provide the same information, for example haptic size and visual size)
completely uncorrelate@vhere neither feature can predict anything about the other, for
example hue and hardness). Cresasory correspondences, therefore, lie somewhere in
between, where one feature dimension does go some way to inform or geneedietmpr

about another feature, and therefore can be consideregdesdumidant feature dimensions.

Evidence of this is drawn from examples of naturabcourrences of various feature
dimensions. For example, the pisize alignment can be observed ia #nimal kingdom,

where the size of an animal can be determined based on the pitch of its vocalisation (Bee,
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Peril and Owen, 2000; Harrington, 1987). In addition, according to laws of resonance, larger
objects make lower pitch sounds. It has been demoedtifaat we are sensitive to this
association since we are able to estimate the size of a falling object based on acoustic
gualities of the impact sound such as pitch (Carello, Anderson and Kioeler 1998;

Grassi, 2005). In addition, the mapping othiand position in space has also been
demonstrated to be present in our environment. Parise, Knorre and Ernst (2013) took
recordings from two microphones positioned a
head as they moved freely across many diffetygpes of settings (rural, urban, indoors,
outdoors). A trend for high frequency sounds to originate from higher positions in space was
observed. What is more, the filtering properties of the outer ear results in high pitch sounds
being received at thep of the ear, and lower pitch sounds at the bottom. This indicates that
we are sensitive to quite subtle statistical relationships between feature dimensions in our
environment, and that these relationships are consciously available to us when considering

the expected heaviness of objects.

Despite the occurrence of cressnsory correspondences in our environment being a
compelling explanation for their or$godon; son
type explanations of crosensory correspoerdces (Dolsheid et al, 2014). Firstly, because
often one can find examples of experiences where the relationship between feature
dimensions does not reflect the internalised correspondence between feature dimensions. For
example, small animals that squesaich mice are associated with lower spatial height (which
is contrary to the high pitchhigh position in space association) and thunder is low pitch but
is associated with a higher position in space. What is more, not all demonstrated
correspondences habeen observed as-oocurrences in our environment. In some cases it

is quite unclear where such-oocurrences may arise. For example, the correspondences that
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brightness enters into with dimensions such as pitch and size. Although that does not
necessai 'y mean they arendét present; more work
dimensions in our environment is necessary. Often, a number of different potential sources of
crosssensory correspondences are acknowledged (Spence, 2011; Smith and Sera, 1992;

Marks, 1978), including the role of language and underlying structures of sensory systems.

1.2.2 Language

As mentioned in Section 1.1.the same verbal labels are often used to refer to
different feature dimensions in different languages. For example,¢he ms A hi gh o and
used in English, and many other western languages, are used to describe extremes of pitch
and position in space. It has been argued that exposure to these common labels may result in
the emergence of some correspondences that leavedibserved (Spence, 2011). However,
work with very young infants indicates that they are sensitive to some of the same mappings
(Lewkowicz and Turkewitz, 1980; Mondloch and Maurer, 2004; Wagner, Winner, Chicchetti
and Gardner, 1981; P.Walker et al., 20 Fbr example, children aged betweer380months
selected a darker and/or larger bouncing ball as being responsible for making a low pitch
sound and a smaller and/or brighter coloured ball as being responsible for making a high
pitch sound (Mondloch andaurer, 2004). Infants as young ag®4-months old have been
demonstrated to look longer at images changing in vertical location or changing from a
pointy to a rounded shape when the accompanying sound changed in pitch in congruence
with the visual chages (high pitch when in a high position in space or a pointier shape and
low pitch when in a low position in space and more rounded)alker, Bremner, Spring,
Mattock, Slater and Johnson, 2010). This suggests that the origins efensssy

correspondnces may be neverbal.
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Even if correspondences precede language, this does not rule out the potential for
language to subsequently influence the development of correspondences. Smith and Sera
(1992) demonstrated t hat adrgamsgtiersoffeaturec hi | dr en
dimensions coincided with the acquisition of words relating to different feature dimensions.

For example, although infants at the age of 2 demonstrate a reliablgigizmess

correspondence; the way in which children were fbianassign extremes of size and

brightness became much less systematic at the same time that children began to understand
the words Adarko and Alightod. Dol sheid, Shay
participants to reproduce the pitch of a sound bkeayd, while accompanied by lines on a

screen varying in height or thickness (features used as labels for pitch in Dutch and Farsi
respectively). It was shown that the pitch of reproductions was influenced by the visual

feature that was used to describetpc h i n t he participantés | ang
reproduced tones in a higher pitch when presented with a line that was at a higher spatial

position compared to the same tone when presented with a line at a lower spatial position.
Similarly, Farsi speaks reproduced tones that were higher in pitch when accompanied by a
thinner line compared to the same tone when accompanied with a thicker line. Interestingly,
although the other dimension for each group of speakers (thickness for Dutch speakers and
heightfor Farsi speakers) did not spontaneously generate the same effect on tone

reproduction, Dutch speakers could be influenced by the thickness of lines accompanying

tones after being trained to use thickness metaphors to describe sounds, but not when they

were trained in the reverse mapping of thickness onto pitch. It was subsequently

demonstrated that 4 month old Dutch infants were sensitive to both-péhand

thicknesspitch mappings (Dolsheid, Hunnius, Cassanto and Majid, 2014). These findings

sugget that although infants may be sensitive to a wide range of cross modal mappings pre
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verbally, that language does have a role in strengthening certairserss®y mappings if

they are reinforced by being present in the

1.2.3 Uncerlying Structure of the Sensory System

It has been suggested that the underlying organisation of the sensory system may also
form some basis for the emergence of csmssory correspondences (Marks, 1978; Spence
2011; Smith and Sera, 1992). For examaliough primary sensory cortices in adults tend
to be specialised to a specific sensory channel, there is evidence to suggest that early in
infancy these brain regions are much less specialised. And that many more connections
between different sensory tiegs exist, which are thought to typically be pruned or
disinhibited during development (Maurer & Maurer, 1988; Spector and Maurer, 2008). Given
this, the occurrence of synaesthesia, and also demonstrations esamessy
correspondences in adulthood argued to be an aftereffect of these early connections
(Rouw & Scholte, 2007; see Spector and Maurer, 2008). Evidence-oéiral infants
showing sensitivity to several cressnsory correspondences is in keeping with the idea that
these may be suppodby early structural connections between different sensory areas. And
what is more, work by Dolsheid et al. (2014, 2013) described above provides evidence of a
potential pruning/inhibition process, such that the persistence of some connections in
adulthoal may be dependent on which connections are supported by exposure (either in

language or in our environment).

Other ways that neural structures could give rise to correspondences between different
types of sensory information are through the use of slsystdms to code amodal sensory
features such as intensity, irrespective of the channel in which it is perceived (Spector and
Maurer, 2009; Spence, 2011). For example Walsh (2003) demonstrated that particular regions

are activated to respond to intensityespective of the channel in which sensory input is
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provided. The three factors above are not mutually exclusive and are each likely to have some
role in determining the emergence of cresasory correspondences in adults (e.g. Smith and

Sera, 1992; M&s 1978; Martino and Marks, 1999).

1.2.4 Convergence of Different Sources

Spence (2011) suggests that different classes of correspondences emerge as a result of

these different origins: statistical, linguistic and structural. Statistical correspondererge em
from learned capccurrences in our environment and can be understood in terms of Bayesian
Integration Theory (see Section 1.1.5.1). Linguistically mediated correspondences are defined
as being features sharing common linguistic terms including vigos#ion in space and
pitch which share the verbal | abels &6higho
correspondences are defined as those which are based on either neural structures or are
underpinned by a common amodal dimension for example magniiséed lborrespondences.

It is argued that each of these classes of correspondences would possess different properties,
for example statistical correspondences being more likely to be universal, and linguistically
mediated correspondences having a later dpwveéntal onset and interfering at higher

processing levels. Spence (2011) also argues that pairs of feature dimensions which fall
outside of these three categories would be unlikely to enter intcs®assry

correspondences.

However, this system for caerising correspondences does not successfully account
for all known correspondences, in two ways. Some correspondences such as that between
pitch and spatial elevation may fall into more than one category. For example, there is
evidence to support the i@éhat the correspondence between pitch and vertical location has a
statistical basis as well sharing the same verbal label in English (Parise, et al., 2013; see

Section 1.2.1). In addition, it is unclear which category other correspondences would fall

a
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under, for example, the pitebrightness correspondences and the-Bigghtness

correspondence (Spence, 2011; P. Walker and Walker, 2012).

P. Walker and Walker (2012) propose that correspondences with a semantic basis
would form an additional potential clg of correspondences. This is in keeping with the
Semantic Coding Hypothesis (Martino and Marks, 1999) which attempts to reconcile the
di fferent potential sources of correspondenc
abstract, semanticrepreséntaon ¢ t hat i s available to both
Whether correspondences at this level form a separate category of correspondences or
whether they are the result of convergence from correspondences emerging from sources
remains dficult to determine. Nonethess, it is correspondences emerging at this level

which are of particular interest for the present thesis.

1.3 Alignment of Feature Dimensions at a Level of Connotative Meaning

P. Walker and colleagues provide a framework for thinkingut correspondences
arising at a semantic level based on work by Karwoski et al. (1942) who proposed that the
demonstrated corresponde appears to betthe pagatiel f eat ur e
alignment of two gradients in such a way that the appropriate x t r e mes ar e r el at
According to this framework, crogalk arises between abstract, amodal connotations of
various feature dimensions. Support for this comes from evidence that demonstrates that
crosssensory correspondences rely on the iradgtositioning of stimuli on these dimensions
and engage in crosctivation that is transitive and-tirectional(P. Walker, Walker and

Francis, 2015; P. Walker, 2016).
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“Dark”
Low ngh

Dark Bright

. Big | Size , Small

Low Spatial Elevation High

Thick | Thickness | Thin
Round | Pointiness | Pointy

Heavy Light

Figure 1.2A depiction of the proposed crogalk between aligned feature dimensions

induced by activation of an amodal representatiordafk

1.3.1 Relativity

If correspondences arise at a level which is amodal and conceptual in nature, it
assumes that it is not tpecific value along a feature dimension that an object possesses
which results in crosactivation of other feature dimensions. Instead, it is the relative identity
of that value which induces connotations of being at one or other pole of the paftiatuee
dimension in question. For example, it is not the specific measurements of an object which
gives it an identity as big or small, but the context within which its size has meaning as being

either bigger or smaller and would subsequently give riseosstalk at this level.

As mentioned in Section 1.1.4.1, tasks where words are used as opposed to values of
the physical property itself indicate that the absolute feature values are not necessary to
induce correspondences as opposed to their reldewtity (Gallace and Spence, 2006;

Martino and Marks, 1999; P. Walker and Smith, 1984; 1985). Additionally, several studies

have demonstrated that the relative context in which one value on a feature dimension is
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presented can change the nature of thecsstson that same absolute value induces with

other sensory features (Chiou and Rich, 2012; Gallace and Spence, 2006; Marks, 1987; L.
Walker and Walker, 2016). Chiou & Rich (2012) demonstrated that when the same frequency
of a sound was contextually thiggher or lower tone in a speeded detection task, it

differentially biased attention toward higher or lower position in space.

Similarly, L. Walker and Walker (2016) varied the relative context of response keys
and brightness stimuli in a skbeightness geedeeclassification task where participants were
asked to respond to circles presented on a screen as being brighter or darker than the grey
background. Responses were made by pressing one of two response keys which varied in
size. Previously, this taskduced a congruity effect such that responses were faster when the
larger object was being used to respond to darker stimuli and the smaller object was being
used to respond to brighter stimuli compared in the other way around (P. Walker and Walker,
2012) The relative brightness of visual stimuli were altered by changing the grey background
upon which the stimuli appear such that two intermediate brightness values would be
contextually fAdarker 60 i n onAcorgmitydffctbéetveeen and A
brightness and siagas foundo alter basedn the relative context of thetermediate
brightnessralue Response times were fastenen the larger object was used to respond to
the intermediate valugasitwasc o nt e x t u a antwhenfhe ssallkr @bjeot as used
to respond to the same intermediate brightness value whendtwast e xt ual |y #Abr i ¢
second experiment, a middle sized ball (5cm diameter) was paired with either a smaller
(2.5cm diameter) or larger (7.5cm diameter) ball to act as response keys in the task. It was

found that the same sized object induced oaibgeffects with both darker classifications

and brighter classifications depending on the object with which it was paired.
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The demonstration of relative versus absolute mappings between values on different
feature dimensions has implications for whettreisssensory correspondences arise at a
sensory level or at a higher cognitive level (Marks, 1987; Chiou and Rich, 2012; Gallace and
Spence, 2006). If a relative context is required for a value of one feature dimension to
correspond with another, it suggls that the association is happening after higher level
interpretive processes, what cla.t eWalrk eeralar ke vWw
contrast, correspondences reflecting absolute mappings of dimension values are likely to arise
during lower level perceptual processes and therefore should emerge irrespective of context
(for example GuzmaMartinez, Ortega, Grabowecky, Mossbridge, and Suzuki, 2012;

Lunghi and Alais, 2013;).

1.3.2 Transitivity

In logic, the principle of transitivity meansatwhen there is a relationship between
two elements and one of these elements shares the same type of relationship with a third
element then it necessarily follows that the other of the initial elements also shares the same
relationship with the third efeent (e.g. if A=B and B=C then A=C). Evidence shows that
correspondences between different sensory features demonstrate transitivity. The pattern of
relating between any pair of sensory feature dimensions does not contradict correspondences
each share withny third feature dimension. For example, the existence of -d8gteness
correspondence (P. Walker and Walker, 2012) where dark aligns with big and bright aligns
with small is an illustration of this. This skxightness correspondence was predigigedn
the previously demonstrated correspondences between pitch and size (where low aligns with
big and high aligns with small), and pitch and brightness (where low aligns with dark and
high aligns with bright). The sizierightness correspondence doesawsttradict the

alignment that either feature also shares with pitch. P. Walker, et al. (2015) propose that a
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core set of feature dimensions are aligned such thataotisation arises between them,
Since, this is argued to occur at an amodal, concelgttel| the same pattern of associations
should emerge irrespective of which feature dimensions is used to probe it. This is in part

supported by the demonstration of transitivity which can be observed across a wide range of

correspondences.
Dark Brightness Bright
And
; Size
( Big Small)
Low Pitch High
Therefore...
( Big ! Size , Small)
Dark Brightness Bright

Figure 1.3A depiction of the transitivity of correspondences involving brightness, pitch and

size.

1.3.3 Bidirectionality

Bi-directionality refers to the demonstration that the ctabbisbetween any two
feature dimensions arise irrespective of which feature irsditicEor example, the
correspondence between brightness and pitch has been consistently found, irrespective of
whether participants are judging the brightness of sounds varying in pitch, or the pitch of
colours varying in brightness (Hubbard, 1996; Mailgx4). In the study by L.Walker, et al.

(2012), stimuli varying in size (visually and through touch), pointiness, pitch, and brightness
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were all presented to participants as contrasting features to be rated. But in addition, they
appeared among the sétf@ature dimensions that each set of stimuli were rated upon (see
Figure 1.1). It was observed that the same alignment of this set of feature dimensions
emerged irrespective of which feature was the one being presented in contrast and which was

the dimen®n upon which the stimuli were being rated.

The implication of transitivity and ldirectionality is that the interference occurs at a
level which is not modalitgpecific. This is in contrast to a modalgpecific account which
would describe an association as an aspect of the sensory mechdritsgrsasticular
modality of the feature being probed. For example, Lupo and B&oeten (2015) argue
that the visual system is able to form accur
shape and material. This does not predict that notiopsroeptions of stability would
subsequently result in predictions about shape and material. However, in the case of many
sensory feature dimensions such as brightness, pitch, and sizediteztionality of
observed associations is argued to suggesttibacrosdalk is not accessed through specific
modalities. Instead it suggests that the ctaisarises at an abstract semantic level which is

available irrespective of modality.

According to P. Walker et al. (2015), transitivity anebbiectionalitysupport the
existence of a core set of correspondences arising at a level of connotative meaning. This is
supported by work which demonstrates the same alignment of many conceptual attributes,
including perceptual characteristics (Eitan and Timmers, 204Qyoski, et al., 1942;
Osgood, 1960). This potentially means many feature dimensions can be considered to enter
into correspondences. However there is a great deal of disparity in the amount of evidence
implicating different feature dimensions as emtgrinto correspondences. While some pairs

of feature dimensions have been demonstrated to arise in a wide range of perceptual and
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cognitive tasks (for example, correspondences between pitch with spatial elevation,
brightness, and size) other feature diniems (such as heaviness, thickness and speed of
motion) are implicated to a much lesser extent. This begs the question of which feature

dimensions would be included in such an alignment.

Another uncertainty with this framework is to what extent implic&ature
dimensions can be meaningfully distinguished from one another, as opposed to reflecting a
shared underlying core concept. Some obvious examples where implicated dimensions may
not capture meaningfully different dimensions are size and thicknetsh@id, et aJ.2013.
Similarly, size and heaviness may be considered as describing the same underlying concept
of mass (for example, Eitan and Timmers, 2010 used size and weight seemingly
interchangeably to describe a concept of mass). To summaripgedls success of the
framework in summarising and accounting for the evidence of-sessory interactions; it is
clear that much more work is required to add further depth of understanding to this
framework. In order to do so, it is necessary to tkser look at the way in which specific
feature dimensions implicated in this framework enter into correspondences. Of particular

interest to the present thesis is heaviness.

1.4 Heaviness in the Correspondences Literature

Heaviness is a feature dim@nswhich has been implicated to some degree in the
correspondences literature. Alexander and Shansky (1976) demonstrated that colours that
were darker in shade were judged to be heavier than those brighter in shade. The association
of brightness and heawgss has been subsequently replicated on a number of occasions (L.
Walker et al, 2012; P. Walker, Francis, et al., 2010). Other studies have demonstrated that
feature dimensions systematically align with heaviness for example stimuli that are bigger,

lowerin pitch and more rounded tend to be rated as being heavier than their opposites (Eitan
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and Timmers, 2010; Karwoski, et al; P.Walker and Smith, 1984; 1985). Heaviness has also
been included in a speedeldssification paradigm where participants were dskeress

large and small sized objects in response to words reflecting opposite poles of feature
dimensions. Responses were faster when a large object was used to respond to antonyms
STRONG, HEAVYDOWN BOTTOMand the small object was used to respond/EAK,

LIGHT, UP, TOPcompared to the other way round.

The way in which heaviness is aligned with size, brightness, pitch and roundedness in
these examples is in keeping with the proposed alignment of featoeaesions. This could
be interpreted as evidence that heaviness is a feature which can be included in this
framework. However, there are two key limitations to the evidence demonstrating that
heaviness belongs to this set of correspondences. Firsthgribept of heaviness has only
ever been represented verbally in these examples. Secondly, the majority of examples of
correspondences between heaviness and other sensory features have asked people to judge
the heaviness of another feature contrast. Thexgitais unclear to what extent heaviness

itself as a physical property would induce the same set of correspondences.

1.4.1 Heaviness as a Physical Property

It is argued that correspondences arising at a conceptual or semantic level are
accessible viatiguistic as well as perceptual exemplifications (Martino and Marks, 1999).
This would predict that the same set of associations which emerge when heaviness is
represented with verbal labels would emerge if heaviness were presented perceptually.
Exploring whether correspondences between heaviness and other feature dimensions are
induced by the lifting of objects of particular interest, because of how weight perception is

influenced by crossensory contexts.
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Heaviness is defined as our perceptual expee®f weight, weight being the effect
of gravitational pull on an object as a function of mass. (Perceived) heaviness is influenced
by a wide range of contextual factors, including other feature dimensions, such as the size
and brightness of the lifted @tts. These have been found to induce weight illusions where
the heaviness of equally weighted objects is influenced by differences in size or brightness.
Although lower level interactions between size and weight have been argued to have some
role in thesizeweight illusion; some research indicates that thesizight illusion is the
result of higher cognitive levels. For example, where the very same object is lifted while
participants believe the object to be either larger or smaller, a differendehindeiness
continues to emergghereby the object was rated to be heavier when believed to be smaller
and lighter when believed to be biggBuckingham and Goodale, 2010). In this case, as with
the differences in heaviness observed in the brightneghiikiision cannot be explained by
lower level interactions between the physical properties involved in lifting. Finally, evidence
that the weight illusion persists despite the motor system adapting lift and grip forces to the
appropriate level for the a@al weights suggests some cognitive elements to the weight

illusions (Flanagan, Bittner and Johansson, 2008).

Flanagan, et al. (2008) proposed that a cognitive mapping of size and weight has some
role in heaviness perception and explaining-siegyht illusions. This seems to parallel the
mappings between size and heaviness which would be predicted in the correspondences
literature and is consistent with the notion that these mappings may act as priors involved in
generating expectations of our environm@mthis case, the heaviness of an object).

However the perceptual effect of these proposed mappings with heaviness are quite different
compared to the way other cressnsory correspondences have been shown to have

perceptual influences. The resultinggegption of heaviness is an exaggeration of the
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violation to expectation, as opposed to an assimilation of predicted and perceived feature
values (see Section 1.1.5). Thi-Bsayheassi acnaou s(elr

2009; Brayanov and Sthi, 2010).

Given these interesting parallels, and differences between the wkigion and
correspondences literatures, to explore whether -@®@ssory correspondences arise when
heaviness is presented physically through variation in weight mayiritavesting
implications and further our understanding of heaviness perception iRsemssry contexts.
What would it mean for cognitive theories of weight illusions, if the proposed mappings of
heaviness with dimensions including size, brightness@tm part of a larger network of
feature dimensions which aredirectional, and transitive in nature? What does this mean for
our understanding of heaviness as a conceptual dimension in relation to the felt weight of

objects?

1.4.2 BiDirectionality and Heaviness

If heaviness enters into the framework of correspondences propoBeWMajker and
colleagues, it would predict associations between heaviness and other implicated features
which are bidirectional (see Section 1.3.3). That the same alignmrebedaund irrespective
of which feature is used to probe it suggests that they are not modality specific associations
but are more general and amodal in nature. This in turn suggests they arise at higher levels of
processing. However, despite the thecadtimportance of bdirectionality, all the examples
of correspondence between heaviness and other sensory features have asked people to judge
the heaviness of another feature contrast. Examples of this include the heaviness of colours
(Alexander and Shmesky, 1976) and the connotations of heaviness induced by music or other

physical features (Eitan and Timmers, 2010; Karwoski et al., 1942; L. Walker et al., 2012). It
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is unknown whether objects contrasting in heaviness induce the same associations the othe

way round.

To emphasise the association in one direction is reasonable in the case of heaviness.
Unlike many other feature dimensions, it is often perceived last, after information about
brightness, size, or shape etc. has already been received. Ténectetalreceive the
information in this order may result in a edieectional relationship: for example, an ability
to anticipate heaviness from brightness, but not brightness from heaviness. Other mappings
for example pitch and spatial location may exhiddidirectionality since the order in which
we experience these features may occur equally often in both directions for example hearing
something before seeing it is as likely as seeing it before hearing it. Whereas, you will almost
always know the sizeshape and brightness of an object before lifting it (granted heaviness

and pitch may not have this kind of directional relationship).

As mentioned in Section 1.1.5.1, a recent way of understanding correspondences is
within the context of cue integratiothis argues that crosensory correspondences have a
role in anticipating events or ofilling in
assumption is that the correspondences are based to some degree in our experience co
occurrences between differdatiture dimensions in our environment. From this perspective,
and given the asymmetry in how heaviness is experienced in relation to other feature
dimensions; it seems less safe to assume that the associations heaviness enters into with other
feature dimasions would necessarily bedirectional. However, if mappings of cress
sensory correspondences, including the mapping between brightness and heaviness, are part

of a larger network of crossensory correspondences arising at an amodal connotative level,

it would predict an association between heaviness and these features which is bidirectional.



HEAVINESS IN CORRESPONDENCES: CHAPTER 1 29

1.5 The Present Thesis

The aim of the present thesis is to examine if heaviness enters into correspondence
with other feature dimensionsauas pitch and brighess. Specifically, the aim is to
determinaf these associations can inelucedby stimuli contrasting in heaviness, where

heaviness is manipulated with liftetjects (as opposed to being represented verbally)

In the first part of the present thesis (Chapted$ @ross modal matching tasks are
used to determine if the cressensory correspondences that have been demonstrated between
heaviness and other feature dimensions can be induced by the felt heaviiftessadfjects.
In Experiment 1 and 2, participants lift objects that are hidden from view and rate them on
scales referring to other feature dimensions including brightness, pitgharsilzeointiness.
If correspondences are a result of citadis betwea aligned feature dimensions that are
transitive and bdirectional, it would be anticipated that lifted objects varying in heaviness
will induce the same associations that have been demonstrated where contrasts in other
feature dimensions have been coasidl to vary in heaviness. On the other hand, the
particular way that heaviness is experienced in relation to other feature dimensions within our
interactions with objects may mean that it does not itself, when varied, give rise to these
associationdn Experiments 3, dand 5, the objects variéu both size and weight, this
allowedthe separaténfluence of each of these dimensions on judgen@risghtness and

pitch to be explored more closely.

In the second part of the thesis, the speaiigskificaion task wa used to explore if
the same associatiobstween heaviness witirightness and pitch can be induced when
lifted objects are used in a task which does not require participants to make explicit
judgements about how feature dimensiocosespondin Experiment$-10, people used

objects varying in size and/or weight to tap a touch sensitive surface in response to stimuli
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varying in brightness (Experiments9% and pitch (Experiment 10). For Experimentslbl

the objects were held but were notiaelly used to make a response. Instead, a RE@itch

was attached to the objects being held in order to respond to brightness and pitch categories.
In Experiment 15, an articulatory suppression task was included in order to begin to explore
the potentiatole of common verbal labels to describe one end of the brightness and

A

heaviness di mensions (the term 6lightdo).

1.5.1 The relationship between size and heaviness

The close relatiorgp between size and heavinesswarticularly importanto
exploresinee 1) size has already been well established in the correspondences literature. And
2) size is strongly related to our concept of heavinesas Parise (2016) argues,
correspondences reflect the relationship betweenssinndant feature dimensions within
our environment, perhaps an intrinsic relationship between size and heaviness within our
environment may account for correspondences arishgeen heaviness and other feature
dimensions. Therefore it is necessary to account for the potential confound of a strong size

heaviness relationship in our exploration of correspondences with heaviness.

In anattempt to isolate size and heavindgang both types of experimental design
set of objects werereatedvhich varied in both size and weight independently of one
another. This allowed the exploration of heaviness as induced by variation in weight as well
as variation in sizeveight combinatins. A set of nine objects were produced of three
different sizes (diameters of 3, 4, and 5 cm, and heights matching these diameters) crossed
with three different weights (i.e., 44, 107, and 190 gm) (see Figure 1.4). These objects or
subsets of them weresed in all the experiments reported. The objects were made from thin
walled (approx. 1mm) aluminium tubing filled with evenly distributed fragments of lead and

buil der6s expanding foam. The ends of the
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epoxy esin, after which the cylinders were painted matt grey. The weights of the cylinders
were manipulated by varying the proportion of lead and builder's foam from which they were
formed. The target weights were selected in order to produce an object arzeawithsan

equivalent density (2 gm/cm3).

Heavy Medium Light

190gm 107gm 44gm
A N
98cm?

A C
Medium -

50cm?
F
Small 3 >
21cm?
G H

Figure 1.4The set of nine objects used in the series of experimegperted in the present

thesis.
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Chapter 2

2.1 Introduction

As described in Section 1.4, heaviness has been implicated to some degree in the
correspondences literature. It has been demonstrated that lower pitch, larger, darker and more
rounded stimuli are expected to be heavier than their oppalessander and Shansky,

1976; Eitan and Timmers, 2010; Karwoski, et al., 1942; P. Walker and Smith, 1984; 1985; L.
Walker, et al., 2012). Where associations between heaviness and other feature dimensions
have been observed, the direction of the assoniatg been in one direction: people judging

the heaviness of stimuli contrasting in terms of another feature dimension. Therefore it is
currently unknown whether the associations between heaviness and other feature dimensions
are bidirectional in natureThat is to say, whether stimuli contrasting in heaviness, will

induce the same pattern of associations as have been demonstrated the other way around.

Crosssensory correspondences have often been argued tallvedtional
associations (Martino and Mak2001; L. Walker, et al., 2012; P. Walker, 2016). That
means that the crostivation between different feature dimensions can occur irrespective of
which dimension is being presented. The implication afif@ctionality is that the
correspondences lyeten feature dimensions are arising at a level that is abstract and not
modality-specific. It is therefore predicted that any feature dimensions which enter into a
framework of correspondences at this level will demonstrate the same set of associations
irrespective of which feature dimension is the one being presented in contrast and which
dimensional associations are being induced. Therefore, in order to establish whether
heaviness enters into correspondences at this level, it is necessary to detdhmaisarife

pattern of associations are induced by presenting variation in heaviness.
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In almost all cases, the heaviness of an object is experienced after information about
other feature information such as brightness, size, or shape has already been rébteived
tendency to receive the information in this order may result in a one directional relationship.
We may be able to predict heaviness from features such as brightness, but not necessarily
predict brightness from heaviness. We would very rarely hasesato heaviness
information in the absence of other feature information. In contrast, other mappings, such as
that between pitch and spatial elevation may exhibdlifgictional relationships since the
order in which we experience these features mayramually often in both directions for
example hearing something before seeing it is as likely as seeing it before hearing it. Might
this peculiarity with heaviness mean it does not abide by the sadirettional pattern of

associations observed in otlverrespondences?

An example of a bidirectional association occurring despite asymmetric functional
cuing is found between shape and speech sounds. It has often been shown that visual
information about lip movements/shapes affects the perception of sgmeuls (McGurk
and MacDonald, 1976). The benefit of the crossdal association in this direction is obvious
as it enhances our ability to understand what someone is saying when auditory input is
restricted. However Sweeny, Guzmisliartinez, Ortega, Grabowky, & Suzuki (2012)
asked whether the relationship between visual shape and auditory speech sounds is
bidirectional. Specifically, exploring whether the presence of different speech sounds can
influence judgements about the aspect ratio of ellipses petteisually. If we were to
consider this from a functional perspective, the relationship may seem less useful in this
direction, we use lgshape information to discern speech sounds, the shape itself does not
contain the meaning. Nevertheless, it wanaestrated that the perception of a basic ellipse
shape was indeed judged to vary as a result of simultaneously presented speech sounds.

Ellipses were judged to be thinner and longer when presented with a /woo/ sound and wider
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and flatter when presentedtivia /wee/ sound. This suggests that the interaction between
speech sounds and shapes reflects a more general association, as opposed to one which is

specified by a ondirectional relationship.

The aim of the experiments in the present chapter is tondetif the relationship
between heaviness and other feature dimensimpéicated in the correspondences literature
are also bidirectionallhis is to say, will the same pattern of associations demonstrated in
previous work be induced by the felt heass of lifted objectsParticipants were presented
with objects varying in weight and asked to rate them on a set of scales representing size,
brightness, pitch and pointiness. In order to isolate heaviness from other feature dimensions,
the objects werbidden from view and lifted only by strings. In Experiment 1, the rating
scales capture each feature dimension with verbal labels for each extreme asanchors
numerical scales f or exampl e Abigodo and Asmall 0. I n
eadt feature dimension neverbally, as images varying in the specific feature or as sounds
varying in pitch.lf, according taP. Walker (2016), these associations arélibéctional in
nature, then it is expectélat heaviness will induce the same pattdrassociations with
size, brightness, pitch and pointiness that has been found in the opposite diteetieavier
objects will be judged to be bigger, darker, lower in pitch and more rounded than less heavy
objectswhen presented with verbal labelsd@scribe each dimension (Experiment 1) and

when nonrverbal representations of each dimension are used (Experiment 2)

2.2 Experiment 1

2.2.1 Method

2.2.1.1 Participants
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Thirty students from Lancaster University (13 females, 17 males) between the ages of
19 and 55 (mean age = 27.6 years) volunteered to take part in the study for payment or course
credit. All participants were right handed by s&port and spoke English as their first

language.
2.2.1.2 Apparatus and Design.

Objects.The three small objég (objects G, H and I) from the set of nine described in
Section 1.5.1vere used (see Figure 1.Zhe objects were attached to lengths of string
(23cm) and positioned on the inside of a box (length 27cm x height 20cm x depth 15¢cm). The
strings were thresed through small holes in the top of the box. The central object was
positioned at the midpoint and the other two were 7cm either side of the centre. Participants
could see the string but the objects were hidden from view (see Figure 2.1). A layerge spon
was secured to the interior base of the box to ensure that the objects did not make a sound

when being placed down after lifting.

&
]

a2 T

s

Participantview Researcher view

Figure 2.1Representation of the apparatus used in Experiments 1 and 2.
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ScalesFourépoi nt rating scales were used to el
the assumed size (smdllg), brightness (brighdark), pitch (high pitcHow pitch) and
pointiness (pointyounded) of the objects. The scales ranged from 1 to 6 with antiets la
at each end point, of the form O6very + (extr
Likert scales were presented together on a sheet of paper, a separate set of scales presented
for each object. The question above each scale was worfled 4sl ows fihow s mal |
this object?d0 where the two antonyms were Wwr
presented in on the scale. The-gdiht positioning of the anchors on each scale was
counterbalanced between participants. Counterbalgnzias done independently for each
guestion to ensure that extremes across different scales were not aligned in the same way for

each participant. The order of the questions was randomised for each participant.

2.2.1.3 Procedure

Participants sat oppositiee researcher, directly in front of the box that held the three
objects. They were assured that there were no right or wrong answers to any of the questions,
and instructed to use their initial impressions from lifting the objects to make their decisions.
Before rating any object they explored all three in turn by lifting each one once. They were
instructed to lift the string with the thumb and first finger of their dominant hand. After this
initial familiarisation, they were asked to focus on one obthjects at a time and given a set
of scales to complete for that object. They could lift the particular object being rated as often
as they wished while they completed the scales, but not the others. Participants circled the
value for that object on eacbade. All participants started with the furthest left object,
followed by the centre object then the furthest right object. There were six possible left to

right combinations of the three objects, five participants were randomly assigned to each one.
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2.2.2 Results

In all cases, the ratings on each scale were assumed to reflect a continuous variable
(see Norman2010). Despite the labels assigned to each end of the scale being
counterbalanced during the procedure, for the purposes of analysis sa@esosded such
that very small, bright, high pitch, and pointy were indicated with a score of 1 and the
opposites (very big, dark, low pitched, and rounded) with a score of 6. This is in accordance
with the alignment each of these features has been d&atedso share with one another (L.
Walker, et al., 2012). Figure 2.2 summarises the mean ratings for the heavy, medium and

light object on each of the scales.

Object
| Heavy
6 — B Medium
O Light
5_
o
| .
T
c T
o 27 T i
= * 1
2_
1 - -
Brightness Size Pitch Pointiness
(6=Dark) (6=Big) {6=Low Pitch) (6=Rounded)
Rating Scale

Figure 2.2Mean ratings for the light, medium, and heavy objects on each feature scale. A
rating of 6 signifievery -dark,-big, -low pitch, and rounded. Error bars represent standard

error.

Due to the repeated measures design, a linear mixed effects approach was used for

analysis using R (R Core Team, 2012) version 3.2.0 and package Imes} (Batehler &
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Bolker, 2014). The same model was fitted for each scale, this included heaviness as an
explanatory variable and a random effect of participant. Heaviness was coded as a continuous
variable (1=the lightest object, 2=the middle weighted olgjedt3=the heaviest object). A
likelihood ratictest was used to compare the model including heaviness as a main effect,

with a null model that contained only a random effect of participant. 95% confidence

intervals were calculated using téald method wih theconfint()function. Alkaike

Information Criterion (AIC) values provided a relative estimate of the amount of information
not being captured by a model, balancing goodness of fit with the number of parameters the
model contains. A lower AIC valueditates a superior model. Visual inspection of residual

QuantileQuantile(Q-Q) plots did not reveal any departures from normality.

Table 2.1
Parameter Estimates for Linear Mixed Effects Models Conducted on Each Rating Scale

Including Results dfikelihood Ratio Tests for Comparison with Null Model.

Likelihood ratio test

statistics
Parameter estimate for AIC Heaviness Model
Rating scale heaviness (95% CI) c2 p (AIC of Null Model)
Size 1.03[0.75, 1.32] 39.42 <.001 286.68 (324.10)
Brightness 1.23[0.99,1.48] 63.67 <.001 262.29 (323.95)
Pitch 0.93[0.64, 1.22] 33.17 <.001 287.24 (318.41)
Pointiness  0.57 [0.27, 0.86] 12.676 <.001 295.37 (306.05)

Note. Parameter estimates represent change in score with each step increase in weigh
higher score on each rating scale indicates a rating of bigger, darker, lower pitch and m
rounded.
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2.2.3 Discussion

The results show that as the heaviness oblipects increased, they were rated as
larger, darker, lower in pitch and more rounded. This is the first indication that heaviness
induces the same associations that have been previously been observed in the opposite
direction (Alexander and Shansky, 19E#an and Timmers, 2010; Karwoski, et al., 1942; P.
Walker and Smith, 1984; 1985; L. Walker, et al., 2012). Therefore indicating that the cross
sensory correspondences between heaviness and these feature dimensiatiscat®al

in nature.

However the use of verbal labels to represent each feature dimension makes it
difficult to determine precisely what representations are invoked by variation in heaviness.
For example, it is possible that the brightness dimension is interpreted as luminance rather
than achromatic colour. This is especially the case for the pointiness dimension. In the
present study it was assumed that the antony
kiki style dimension of roundedness and pointiness that is often used itettheife (e.g.
Parise and Spence, 2012; L. Walker, et al., 2012). However, the antonyms rounded and

pointy may be interpreted in several different ways.

Chen, Huang, Woods and Spence (2016) identified different aspects of pointiness:
the frequency (number of points), amplitude (Ilength of points) and what they describe as the
spikiness (the extent to which edges are pointed or rounded). It is uncleaaghech of
pointiness the antonyms rounded and pointy may refer to. It may be that some participants
interpreted this scales in different ways. Therefore, in an attempt to clarify this uncertainty,

Experiment 2 replicates Experiment 1, but with each statbored by nowerbal
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representations: visual images varying in brightness, size, the three aspects of pointiness, and

sounds varying in pitch.

2.3 Experiment 2

2.3.1 Method

2.3.1.1 Participants

Thirty students from Lancaster University (24 female @madales) between the ages
of 18 and 48 (mean age = 19.33 years) volunteered to take part in the study for payment or
course credit. All participants except four were right handed byreglért. Twentyone
participants spoke English as a first languade flemaining nine participants spoke the
following first languages: Chinese/Cantonese (n=4), Norwegian (n=1), Afrikaans (n=1),

Russian (n=1), Italian (n=1) and Malay (n=1).

2.3.1.2 Apparatus and Design

The objects and apparatus were identical to Expatithaside from the scales which,
in this case, were physical representations of the sensory feature being probed and were
presented to participants one at a time (as opposed to all together on a sheet). The order of
presentation of the questions was rand®d for each participant. The direction of the scales
was counterbalanced between participants. Counterbalancing was done independently for
each scale, so the extremes across different scales were not aligned in the same way for each

participant.

Scales Six 6-point rating scales represented each feature dimensions wienuel

exemplifications incrementally varied from one end point to the other.



HEA/INESS IN CORRESPONDENCES: CHAPTER 2 41

Pitch. Pitch was represented with selected keys numbered from one to six on a Casio

SA-47H5 Mini-Keys keyoard (the white keys from Middle C to the A above Middle C).

Size.The size scale was made up of six square outlines with rounded corners varying
from 2cnf to 4.5cnf with the length and width of each shape increased by an increment of

.5¢cm (Figure 2.3a).

Brightness The brightness scale was made up of six squares (2cm) varying in
achromatic brightness between white and black presented on a black and white checked

background (Figure 2.3b).

Pointiness Pointiness was represented in three ways: Figblytinesswas
represented with traditional O6bouba/kikieo
points varying incrementally from completely pointed to rounded (Figure 2.3c). Secondly, the
number of pointsvas varied with star shapes (3cm in deen) ranging from 8 to 32 points.

Finally, variation in théength of point®n a 16pointed star shape 3.5cm in diameter with the

length of points ranging from 0.5cm to 1.5cm.
2.3.1.3 Procedure

As in Experiment 1, participants were first asked to explore all three objects by lifting
each one once. After this, they were asked to focus on one of the objects at a time. While
lifting that object they were presented with a scale by the experimemterdoon a sheet of
paper, or asked to use the keyboard to make the pitch judgement. They were instructed to
select the number on the scale for the stimuli which best fitted their expectation of the object
in question and the experimenter recorded eaglornse. Every participant started with the
furthest left object, followed by the centre object then the furthest right object. There were six

possible lefright combinations of the three objects; five participants were randomly assigned
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to each one. Theyoald lift the particular object being rated as often as they wished, while

they completed the scales but not the others.
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Figure 2.3. The newerbal scales used in Experiment 2. a) size b) brightness c) pointiness d) number

of points e) length of poist The images are reproduced to scale at 50% of actual size.

2.3.2 Results

The numbers-6 assigned to each end of the scale were counterbalanced during the
procedure; for the purposes of analysis, scores were recoded such that a score of 1 marked the
brightest, highest pitch, smallest, pointiness, most points and longest points ends of the scale

and the opposites (dark, low pitch, big, rounded, fewer points and shorter points) were
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assigned a score of 6. Figure 2.4 summarises the mean ratings for thenesgiuyn and

light object on each of the scales.

Object Used

[ | Heavy
B Medium
O vight

Add

Pitch Size Brightness Pointiness Number of Points Length of Points
6=Low Pitch) (6=Big) (6=Dark) (6=Rounded) (6=Fewer Points) (6=Shorter Points)

Mean Score

Rating Scale

Figure 2.4The mean ratings of the heavy, medium and light objects for each ratinig. A
rating of 6 signifies low pitch, big, dark, rounded, fewer points, shorter points. Error bars

represent standareerror.

The analysis approach was the same as that used in Experiment 1. A model was fitted
for each scale which included heaviness as an explanatory variable and a random effect of
participant. Heaviness was coded as a continuous variable (1=thetladjexs, 2=the
middle weighted object and 3=the heaviest object). A likelihood-tasibwas used to
compare the model that included heaviness as a main effect with a null model that contained
only a random effect of participant. Table 2.2 summarisearthlysis for each feature scale
including 95% CI and AIC values for the null and comparison models. Visual inspection of

Q-Q plots did not reveal any departures from normality.
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Table 2.2
Parameter Estimates for Linear Mixed Effects Models Conductdehch Rating Scale

Including Results of Likelihood Ratio Tests for Comparison with Null Model

Rating scale Parameter estimate Likelihood ratio test AIC Heaviness Model
for heaviness (Cl)  statistics (nul)
c? Y
Size 1.68 [1.42,1.94] 91.20 <.001 270.04 (359.24)
Pitch 1.40[1.07,1.73]  50.51 <.001 313.04 (361.55)
Brightness 1.38[1.08,1.69] 57.60 <..001 295.16 (350.76)
Length of Points  0.78 [0.38,1.18] 13.654 <.001 345.77 (357.42)
Number of Points  -0.083F0.36, 0.52] 0.14 0.71 366.65 (364.79)
Pointiness -0.017 [0.43, 0.46] 0.005 .94 365.42 (363.43)

Note. Parameter estimates represent change in score with each step increase in weigh
higher score on each rating scale indicates a rating of lower pitch, bigger, darker, rounc
fewer points, shorter points.

2.3.3 Discussion

The findings demonstrate that heaviness induces associations with size, pitch and
brightness in accordance with the alignment demonstrated in Experiment 1. Heavier objects
were rated as bigger, darker and lower in pitch compared to the less heavy ohggrtsash
of these feature dimensions was represented byedral stimuli varying incrementally

between extremes. However, no association was found between pointiness and heaviness
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where pointiness was represented as variation between bouba/kiki styésinhis finding

is surprising considering the demonstration in Experiment 1 that heavier objects were rated as
more rounded than lighter objects. And that images varying in a similar way have been
demonstrated to induce associations with heaviness Isach tounded shape is rated as

heavier than the pointier shapes (L. Walker, et al., 2012).

Of the three pointiness scales used in the present study, heaviness only induced
systematic associations widngth of pointsThis may suggest that the inter@téin of the
antonyms fipointyo and Aroundedo in Experi men
This is consistent with Chen, et al. (2016) who found that western participants were more
|l i kely to assign | abel s dasibad difference imtmedengbhlofi ki 6 t
points, compared to other aspects of pointiness such as the roundedness of edges.

Considering the majority of participants in the present study were western, this may explain
why an association between heaviness andhesfgpoints was the only association found
between heaviness and an aspect of pointiness. However, an alternative explanation for the
association with this dimension could be that the overall surface area of the exemplars. In this
scale, those with shet points had a larger surface area than those with longer points. Thus,
the association demonstrated by this particular aspect of pointiness may be explained in terms
of variation in surface area (heavier objects being assigned a shape with a largerssada

than the less heavy object in accordance with atsa®iness association).

2.4 General Discussion

The results from the two experiments in this chapter demonstrate that when presented
with objects varying in heaviness, people expect a heaviectadioj be darker, bigger and
lower in pitch than a less heavy object. This is the first indication that heaviness enters into

bidirectional correspondences with these sensory features when taken in conjunction with
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previous findings demonstrating thesec&sstions in the opposite direction (Alexander and
Shansky, 1976; Eitan and Timmers, 2010; Karwoski, et al., 1942; P. Walker and Smith, 1984,
1985; L. Walker, et al., 2012). As discussed above, the findings in the present chapter are less
clear with regardo heaviness and pointiness. In Experiment 1, heavier objects were rated as
more rounded than lighter objeetfinding is in keeping with previousork (e.g.P. Walker

and Walker, 2012) who found that more rounded stimuli were rated as heavipoittizar

stimuli. However this was naeplicated withthe rating scales used in Experiment 2 where
shapes varying from rounded to pointy edges were used to refdresgointiness

dimension The demonstrated of alignment in Experiment 1 where verbdtlaleee used

does indicate an abstract association between the two dimerisioier work is necessary

in order to clarifyif the stimuli used in Experiment 2 were not appropriate in some way

capturea correspondence between pointiness and heaviness.

However, the finding that variation in heaviness induces the same systematic associations
found previously with brightness, pitch and size supports the suggestion thaekeaariters
into a framework of aligned feature dimensions proposed bydlker, et al. (2012). The
demonstration that these associations can be induced by contrasts in heaviness adds further
support to the claim that correspondences arising at thisdetasl into bidirectional
associations and are amodal, and conceptual in nature. This is of particular interest when
taking into consideration that we usually experience heaviness in relation to other object
features in one direction: where expectatiohiseaviness will be induced by variation in size
and brightness (less so for pitch) but rarely would we experience heaviness without this prior
information. This may have predicted a atigectional correspondence between heaviness
and features such as gntness and size, since heaviness would be unlikely to be used as a
cue to this feature dimensions. Therefore, the demonstration of the same systematic

associations induced by variation in heaviness suggests that the same associations can be
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accessed irrgective of which sensory dimension is used to probe it (P. Walker and Walker,

2012; P. Walker, 2016).
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Chapter 3

3.1 Introduction

Chapter 2 demonstrated that when people rated objects varying in heaviness in terms
of other sensory features, a systematic pattern of associations arise. Heavier objects were
expected to be darker, lower in pitch and bigger than less heavy objects thieifiist
demonstration that heaviness induces associations with other sensory features and therefore
enters into correspondences, with these feature dimensions, thatlaeetional in nature.

The direction of (and transitivity between) these cowagpgnces is consistent with the
notion of crosgalk arising between a set of aligned feature dimensions as proposed by P.
Walker and Walker (2012). The findings from Chapter 2 add further support for heaviness

being included in this framework.

Accordingto this framework (P. Walker, 2016; P. Walker and Walker 2012) a value
on any feature dimension can cr@gdivate a corresponding position on another feature
dimension with which it corresponds. However, although transitivity aigléréctionality
may sugest that crostalk arises between each pair of implicated feature dimensions, it is
not the only way that the same observed transitivity may arise. There are several possible
organisations which could underlie a network of interrelated feature dimemgiens
transitivity is observed. For example, a small number of feature dimensions may mediate
correspondences observed between a wider range of features. For example, in the previous
chapter where heavier objects were rated as darker than less heats; elgeanay conclude
that heaviness directly corresponds with brightness. However, given that these features share
correspondences with several other common feature dimensions, including pitch and size, can
we really be certain that this is a direct cormgpence? It may be that heaviness induces

associations with another feature which subsequently influences brightness judgments.
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Often, this challenge can be addressed when feature values, other than the dimension
being manipulated are also available. Eeample, when participants are presented with
stimuli varying in pointiness, features such as size and brightness are also available to
participants, but are held constant. In which case, the potential confound of anticipated size or
brightness has beenled out. However, in the case of the heaviness correspondences
demonstrated in the previous chapter, no other feature values were available to participants.
Therefore, the potential that the correspondences observed were mediated by another feature

dimenson cannot be ruled out.

The present chapter attempts to address this challenge by investigating whether the
associations of heaviness with brightness and pitch demonstrated in Chapter 2, were mediated
by the expected size of the objects. That is to shglver the heaviness of the objects
produce an expectation of size, which subsequently drive judgements about brightness and
pitch (see Figure 3.1). It must be acknowledged that any other corresponding feature
dimension also had the potential to mediatedssociations observed in Chapter 2. However,
the influence of size is considered in particular for two reasons. Firstly, size and weight are
two feature dimensions which are closely integrated in our environment. Theesgte
illusion (Buckingham, eal., 2014; Flanagan, et al., 2008; Murray, et al., 1999) demonstrates
the influence that size has on expected and perceived heaviness. Therefore, if heaviness is to
produce associations with any feature dimension, the most likely would be size. What is
more, it is well established that size enters into correspondences with many other feature
dimensions in the correspondences literature including brightness, pitch and pointiness
(Gallace and Spence, 2006; Mondloch and Maurer, 2004; L. Walker, et al. P20A/2jker
and Smith, 1985). For this reason, it is perhaps the most likely of any to be a confounding

influence on the ratings observed in Chapter 2. And teasing apart heaviness from size is
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necessary to determine if heaviness can be considered to émiedependent associations

with other feature dimensions in this network.

a) Independent correspondences between heaviness and other sensory features

————
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b) Correspondences between heaviness and other sensory features mediated by size
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Figure 3.1.A depiction of two possible ways heaviness is associated with other feature
dimensions. a) heaviness enters into independent correspondences with size, brightness

andpitch b) correspondences implicating heaviness are mediated by size.

Therefore, the aim of Experiment 3 is to determine whether the heaviness of objects
continues to induce associations with brightness and’piticln the size of the objects is
known, andemains constant. To explore this, a similar method is used as in Chapter 2,
where objects varying in heaviness are lifted by string and rated on scales. However, in this

case, the size of the objects is visible to participants as silhouettes on a ératrnstueen. If

Unfortunat el y, Size cannot be made available to part
Therefore, judgements of pointiness could not be tested in the pegpeniments.
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heaviness enters into correspondence with brightness and pitch independently of size, it is
predicted that the same pattern of responses as Experiment 1 and 2 will be found. If the
associations of heaviness with brightness and pitch wermteddy the presumed size of

the objects, the ratings of the objects should no longer vary when the size of the objects is

available but held constant.

3.2 Experiment 3

3.2.1 Method

3.2.1.1 Participants

Thirty-four students from Lancaster University (27 females and 6 males) between the ages of
18 and 40 (mean age = 21.5 years) volunteered to take part in the study for payment or course
credit. All participants except one were right handed byrsglbrt. Twenty-eight participants

spoke English as their first language. The remaining six participants spoke the following first

languages: Chinese (n=2), Italian (n=1), Polish (n=1) and Romanian (n=2).

3.2.1.2 Apparatus and Design

Apparatus.As in Experiments &nd 2, the three small objects from the set of nine
(objects G, H and I, see Figure 1.4) were attached to lengths of string (27cm). The objects
were placed on the inside of a box (width 30cm X height 20cm X depth 10cm) and the strings
were threaded thugh small holes in the top. The central string was positioned at the
midpoint of the top of the box and the two other strings were 6cm either side of the centre. A
layer of sponge was secured to the interior base of the box for the objects to ensuk they d
not make a sound when being placed back down. A viewing window was cut out of the side
facing the participant (26cm X 14cm) and covered with a layer of thick tracing paper. This

acted as a screen for a silhouette of the object to be projected onfigy(see3.2). The
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objects were lit from behind with a single point LED light positioned 10cm from the objects

and repositioned to be centred behind the object being lifted.

ScalesTo elicit judgements about brightness and pitch, the sapoin®rating
scales were used as in Experiment 2. The scale representing brightness was presented on a
laptop screen placed to the side of the box that housed the objects. Pitch was represented with
same 6 keys on a Casio S&H5 minikeys keyboard. On both scales tihumbering was
counterbalanced between participants. Counterbalancing was done independently for both
scales, so the extremes of each dimension were not aligned in the same way for each

participant.

3.2.1.3 Procedure

Participants sat directly in front of the box that held the three objects, the room was
dimly lit in order for the silhouettes to be clearly visible. They were told they had to rate each
of the objects attached to string on a set of scales. Before ratirabpect they were
instructed to explore all three objects, by lifting each one once. This was to give some initial
context for the rating of the objects. For all lifts, participants were instructed to lift the object
by the end of the string with the tinb and first finger of their dominant hand until it was
fully visible on the screen. Next they were asked to focus on one of the objects at a time and
given the brightness and pitch scales to rate that object. They could lift the particular object
they wee rating as often as they wished while they completed the scales, but not the others.
Participants indicated where they would place the object on each scale and the experimenter
wrote down the responses. Half of participants rated the object on the ésgktale first
followed by pitch, for the other half this was reversed. Every participant started with the

furthest left object, followed by the centre object then the furthest right object. There were six
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possible lefright orders for the three objertsx participants completed each one except one

combination which was completed by 5 participants.

]

-

Participantview Researcher view

Figure 3.2Representation of the apparatus used in Experiment 3

3.2.2 Results

The same analysis approach was used as in Experiments 1 and 2. Altleoladpe it
assigned to each end of the scale was counterbalanced, for analysis the scores were recoded
such that very bright and high pitch were indicated with a score of 1 and the opposites (very
dark and low pitched,) with a score of 6. Figure 3.3 sumegttsee mean ratings for the

heavy medium and light object for each of brightness and pitch.

A model was fitted for brightness and for pitch which included heaviness as an
explanatory variable and a random effect of participant. Heaviness was codeubsuch t
1=the lightest object, 2=the middle weighted object and 3=the heaviest. A likeli&bod
test was used to compare the model that included heaviness as an explanatory variable with a
null model that contained only a random effect of participant. Viegpection of QQ plots

did not reveal any obvious departures from normality.
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Object

] Light

HH

Mean Score

Brightness Pitch
(6=Dark) (6=Low Pitch)

Rating Scale

Figure 3.3The mean brightness and pitch ratings for the heavy, medium and light objects. A

rating of 6 signifies low pitch, and dark. Error bars represent standard error.

3.2.2.1 Brightness

The model including heaviness as a fixed effect was preferred to a null model
(c?=31.91, p<.001) with an AIC of 343.58 compared to the null model which had an AIC of
373.49. It is shown in the parameter estimates that a step incréeseviness increases the
brightness rating (i.e. is judged to be darker) by 0.87 points CI [0.60, 1.13]. Figure 3.3 shows

the mean ratings for each object.
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3.2.2.2 Pitch

The model including object as a fixed effect was preferred to a null mz¥ediog,
p<.001) with an AIC of 284.20 compared to the null model which had an AIC of 388.19. It is
shown in the parameter estimates that a step increase in heaviness increases the brightness
rating (i.e. is judged to be lower pitch) by 1.47 points Cl [1123]]. Figure 3.3 shows the

mean pitch ratings for each object.

3.2.3 Discussion

The findings demonstrate that heavier objects are rated as being darker and lower in
pitch than less heavy objects, replicating the results of Chapter 2. These assaiasiens
even when the size of the objects was known to remain constant, which suggests that the
associations of heaviness with pitch and brightness are independent of the correspondence
each one has been previously demonstrated to share with size (Gall&meane, 2006; L.
Walker, et al., 2012; P. Walker and Walker, 2012). These findings suggest that despite the
close relationship between size and heaviness, heaviness is a feature dimension which enters
into the proposed network of aligned feature dimenrssia its own right, independently of

size.

3.3 Experiment 4

When people are presented with stimuli varying in size alone, the size of the objects
will induce associations of brightness and pitch such that bigger objects are judged to be
darker and lowein pitch than smaller objects (P. Walker and Walker, 2012; L. Walker, et al.,
2012). Similarly, as has been demonstrated in Experimeditsvhen objects vary in
heaviness alone, the heaviness will induces associations of brightness and pitch such that

heavier objects are darker and lower in pitch than less heavy objects. Often, the size and
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heaviness of a set of objects will be in keeping with this alignment (e.g. a bigger object is
heavier than a smaller object), therefore both feature dimensionswiiinsistent in

inducing the same crosgtivation of other feature dimensions (e.g. brightness and pitch).
However, it is less clear what happens when information from one sensory feature is
contradictory to information of another. For example, in casesava larger object is lighter

in weight than a smaller object. How will the occurrence of contradictory feature dimensions

influence judgements about features such as brightness and pitch?

This question was explored in Experiment 4. Participants were presented with objects
varying in both size and heaviness, in a way which is inconsistent with how each feature is
usually aligned with one another, as well as with the associations they initliceher
feature dimensions. In this case, in order for associations relating to one dimension (e.g. size)
to be in keeping with the systematic pattern of correspondences usually observed, the way
that particular feature dimension usually corresponds thié other dimension (heaviness)

must be violated.

There are several possible ways that this conflict between size and heaviness may
influence judgements of brightness and pitch. Firstly, the two associations may counteract
each other resulting in no eeor systematic pattern of ratings. Another possible outcome is
that both features influence the response pattern, resulting in all objects being rated with
central values on brightness and pitch dimensions. A third possibility is that one feature
dimenson becomes the basis of judgements about brightness and pitch and the other feature

does not influence responses.
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3.3.1 Method

3.3.1.1 Participants

Thirty students from Lancaster University (23 females, 7 males) between the ages of
18 and 24 (mean agd 9.6 years) volunteered to take part in the study for payment or course
credits. All participants except three were right handed byreptirt. Twentytwo
participants spoke English as their first language. The remaining eight participants spoke the
following first languages: Arabic (n=1), Chinese (n=4), Greek (n=1), Malay (n=1) and Slovak

(n=1).

3.3.1.2 Apparatus, design and procedure

The scales, design and procedure were the same as Experiment 3. However in this
case, the objects varied in size in cadiction to the objects heaviness (Objects C, E and G
in Figure 1.4). String was attached to the objects of a length required to make the total length

(object + string) to equal 30cm.

3.3.2 Results

The same analysis approach was taken as Experimenh@uglt the labels assigned
to each end of the scale was counterbalanced, for analysis the scoresaoeedrsuch that
very bright and high pitch were indicated with a score of 1 and the opposites (very dark and
low pitched,) with a score of 6. Figure 3dmmarises the mean ratings for the heavy/small,

medium and light/big object on each of the scales.

A model was fitted for each scale which incluadxlectas an explanatory variable
and a random effect giarticipant Objectwas coded in accordance kviheaviness such that
1=the lightest/biggest object, 2=the middle weighted /middle size object and 3=the

heaviest/smallest object. A likelihood ratest was used to compare the model that included
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objectas a main effect with a null model that containati a random effect gsarticipant

Visual inspection of €Q plots did not reveal any obvious departures from normality.

3.3.2.1 Brightness

The model includingbjectas a fixed effect was preferred to a null modé+83.35,
p<.001) with an AIC o280.76 compared to the null model which had an AIC of 312.12. Itis
shown in the parameter estimates that a step increase in helag@ersase in sizacreases
the brightness rating (i.e. is judged to be darker) by 0.9 points CI [0.63,1.17]. Figure 3.4

shows the mean ratings for each object.

3.3.2.2 Pitch

The model including object as a fixed effect was preferred to a null model
(c?2=32.101, p<.001) with an AIC of 314.79 compared to the null model which had an AIC of
352.39. It is shown in the paramegéstimates that a step increase in heavirdsgease in
sizeincreases the pitch rating (i.e. is judged to be lower pitch) by 1.07 points CI [0.73,1.40].

Figure 3.4 shows the mean pitch ratings for each object.
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Figure 3.4The mean brightness and phitecatings of the small/heavy, medium and big/light

objects. A rating of 6 signifies low pitch, and dark. Error bars represent standard error.

3.3.2.3 Does size influence the ratings of brightness and pitch?

The present findings suggest that the heavinedgembjects formed the basis of
judgements of brightness and pitch, despite contradictory information about size. However,
does the presence of a size difference have any influence on the ratings? To answer this
guestion the brightness and pitch ratiimgghe present study and in Experiment 3 (where the
size of the objects was held constant) were compared in a LME analysis ine@xgéergnent
andobjectas explanatory variables, and a random effect of participant. If variation in size
had any influencen size ratings, this would result in an interaction betvegperimenand
object For both brightness and pitch, a likelihood ratio test compared a model which
included an interaction betweerperimenandobjectwith a model that did not. For
brightness, there was no difference between a model that included an interaction

(AIC=623.20) and a model that did not (AIC=621.23)£€0.028, p=0.87). Although for
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pitch, the difference was approaching significance suatttie model including an
interaction was marginally preferred (AIC=619.04) over the model that did not (AIC=
620.76) €2=3.73, p=0.054). Overall this suggests #mddition ofvariation in thesize of the
objects in Experiment 4 had little bearing on htigess and pitch judgememismpared to
Experiment 3 where the objects were all of equal sizeRigere 3.5. There isamarginal
difference in pitch judgements between Experiment 3 aswth that th@itch ratings were
lessextremewhen there was comdictory size informatioavailable (Experiment 4}his

effect approaches significance
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Figure 3.5 A comparison between the mean ratings for the objects in Experiments 3 and 4

for a) brightness b) pitch.

3.3.3 Discussion

The findings indicate that heavy objects are judged to be darker and lower in pitch,
even when the size of these objects predicts an association in the opposite direction. This
confirms the findings from Experiment 3 that the associations of heavinesgngititness
and pitch are independent of size. When both size and heaviness are presented in conflict, the
majority of people use heaviness as the basis for their judgements of brightness and pitch, and
not size. It seems that rather than the two featmwvegaging out, or there being a random split
in the use of size or heaviness as the basis for judgements, people systematically base ratings

of brightness and pitch on heaviness.

The comparison of Experiments 3 and 4 suggests that when contradictonyaitibor
about size was available, the ratings of brightness were not affected by this; the ratings were
based on heaviness in the same way as they were when size was held constant. However, for
pitch, the interaction between experiment and object was agpngesignificance.
Interestingly, Figure 3.5b shows that contradictory size information resulted in less extreme
pitch ratingsThis is interesting because we might have predictedhbatresence of
contradictory size informatiowould increase the caaist in felt heavinedsetween the
objects(a smaller object would be felt to be heavier than a bigger object that is equally
weighted).If ratings were based on the felt heaviness of objects only (i.e. nobsizejould
expect the difference ipitch raingsbetween the objects to be more pronourined
Experiment 4where there is a presence of contradictory size informatiamin
Experiment 3. In fact we see that the opposite, pitch ratings are less extneme

contradictory size information is alable This can be understo@sthere being separate
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effect of size working against heaviness, and potentially having an independent influence on
pitch ratings. Of course this must be interpreted cautiously because the interaction only
approaches sigicance. Nonetheless, this is an interesting finding worth further

consideration.

There are a number of reasons why the heaviness of the objects lifted in this
experiment may override their size in entering correspondence with brightness and pitch. It
could be explained by the underlying nature or organisation of these particulasemsssy
correspondences. For example, the correspondences heaviness enters into with brightness and
pitch may be stronger than that of size. It is also possible to attribute this finding to specific
elements of the procedure used in the present experinkemtexample, the heaviness of the
objects was experienced first; size was only available once an object had been lifted high
enough to be viewed in the window. It is possible that the order in which the features became
available influenced which featufermed the basis of correspondence judgements.
Alternatively, size may have been less influential than it otherwise could have been, because
it was only perceived visually. Ellis and Lederman (1993) observed that theeitat
illusion is considerablyteonger when size is experienced through touch as opposed to
through vision alone. Therefore, were the size of the objects available to participants through

touch, this may increase the influence of size of brightness and pitch judgements.

3.4General Disussion

Taken together, the results presented in this chapter demonstrate that the associations
of heaviness with brightness and pitch are independent of the associations these features
share with size. When objects varying in heaviness are known toel@alfsize, the
heaviness of the objects continues to correspond with brightness and pitch such that the

heavier objects are rated as darker and lower in pitch compared to less heavy objects. When
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the size of the objects varied in the opposite direcodmetviness, the rating of brightness
and pitch corresponded with heaviness, despite the size of the objects predicting brightness

and pitch judgements in the opposite direction.

Experiment 4 also indicates some potentially interesting findings about how size and
heaviness maydependentlgontribute to judgements of pitch. Althoughly approaching
significance, thdindings suggest that treze of the objects mayave an independent
influence on pitch ratings such that the contradictory size information reduced the rated
difference in pitch between the smaller/heavier and larger/lighter algjegiared to the pitch
ratings in Experiment.3More work is necessary to further understand how judgements of

brightness and pitch are influenced by variation in theasizeheaviness of lifted objects.
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Chapter 4
4.1 Introduction

In Chapter 2, it was demonstrated that heaviness induces associations w
size, brightness and pitch, such that heavier objects are expected to be bigger, darker and
lower in pitch than less heavy objects. In Chapter 3, heaviness was shown to continue to
influence judgements about brightness and pitch, when the size dfjtiotsovas also made
available visually. Heaviness was shown to induce the same pattern of brightness and pitch
judgements when size was held constant (Experiment 3) and when size was varied in contrast
with heaviness (Experiment 4). This suggests thaattiirespondences of heaviness with
brightness and pitch are independent of size. Moreover, Experiment 4 suggests that heaviness
prevails over conflicting information about size to form the basis of brightness and pitch

ratings

There are a number of posk& reasons why the aeiness of the objectsrmed the
basis of brightness and pitch judgementExperiment 4Some of these potential
explanations reflect specific aspects of the experimeetgnused in Chapter &8s opposed
to theunderlyingnatureof correspondences involving heaviness and size (See Section 3.3.3).
The aim of the present chapter igéplicate thdindings from the previous chapters with a
methodthat is different in two crucial ways. Firstlyarticipantswill lift the objectsdirectly
by touch (more closely reflecting how we experience the size and heaviness of objects when
we lift them in our everyday experien)c&econdlya pairedcomparisormethodologyis
used whichallows us tdurther explorehow various combinationef size and heaviness
influences judgements of brightness and pitid the potential influence of the sizeight

illusion (see Section 4.1.1)

Asking participants tbft the objects directlcreates two key differences between the

present experiment aritkperiment 4. Firstly, the modality by which sizeavailableto the
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participantchanges from visual to tactil&he potential difference between visual sattile

size has been observed in the simaght illusion literaturgthe haptic sizaveight illusion is

much stronger than the visual one (with visual information having very little additional
influence to a haptic size@eight illusion) (Ellis and Lederman, 1993). This modaéffect

may be specific to the sizeeight illusion, and be a result ofditional influence of

interactions between haptic size and weight arising at lower level having an on subsequent
influence of perceived heaviness (see Buckingham, 2014527. However, it may also

reflect a more general difference in the salience @f\sizen it is available visually compared

to felt through touch.

In addition tothe change in the modality through which size is presented, the order
thatsize and weight become available to participants in the present study is the reverse of
Experiment 4. In Experiment 4, the size of the objects was only avaifibiéhe objects had
been lifted. However, in the present stutlhg objects will be liftedlirectly and sdhe size of
the objects is available first, before the objects are lifted and heavinesslistfai.way,
Experiment 5 reflects more closely, the way in which size and weight become available to us
lifting objects naturally in our evedgay life (having access to size information through vision
and again through touch immediately before liftin}he order in which size and weight
became available to participants influenced the judgements found in ChaptepBposite

will be foundin the present experiment

Finally, it is anticipated that the paired comparisons design in the present study will
obscure the relationship between the objects in such a way as to make the aims of the task
more ambiguous to participants. Thiswillredpcar t i ci pant sé ability to
arebasedoa desire to be consistent orThdasen anti ci f

differences between Experiment 4 and the present experath@ntthe robustnessf the
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findings from Chapter 8 betested And the interactions between size and wetglide

furtherexplored

For the Experiment outlined in the present Chapiterfull set of nine objects
outlined in Section 1.5.1 wassed Participants were presented with every possible pairing
of the nine objects and rated them in terms of either brightness or pitch. The objects varied
orthogonally in both size and weight (see Figure 4.1) which allowed the independent role of

both features on judgements of brightness and pitch to be investigated.

Heavy Medium Light

190gm 107gm 44gm
| >
98cm?3

A C

Medium
50cm?
F
Small <> <
G H

Figure 4.1The set of nine objects used in the present study. The objects were of three

values of size each at three values of weight.

In a similar enquiry, Marks (1989) investigated how the combination of two aspects
of sound: pitch and loudness contitid to the crosasnodal mapping of sounds to luminance
(a bright versus a dim light). Prior to this study, it had been demonstrated that luminance
corresponds with each of these dimensions separately (Lewkowicz and Turkewitz, 1980;
Marks, 1974, 1978; Mark§zczesuiul, and Ohlott, 1986). However, in this case, participants

were presented with sounds varying in each combination of high/low pitch with high/low
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loudness in order to determine the separable contributions of each dimension to luminance
judgements.Participants were asked to match each sound to either a bright or dim light.

Marks (1989) considered three possible ways in which the two features may contribute to

deci sions about a soundds | uminance. Firstly
feature (either pitch or loudness), irrespective of variation in the other. Secondly, both

features may influence judgements of luminance, having an aggregated effect on the final
mapping decision. Thirdly, another unitary feature which is a product oféatlres (e.g.

auditory density) may form the basis of the judgements. It was found that pitch and loudness
independently influenced the judgements of luminance, and what is more, that pitch was

observed to be more influential than louss@ decisions auwt luminance

The same possible outcomes apply to the present stsiggtential ways thaize
and heaviness may interdotinfluenceudgements of brightness and pitch. Firstly, it is
possible that one feature (either size or heaviness) may formasieof brightness and pitch
judgements, irrespective of variation in the other feature. Secondly, size and heaviness may
have some combined influence on ratings such that the final brightness or pitch rating is an
aggregate of the size and heavinessesbf the objects. Finally, another unitary feature
generated through the combination of size and heaviness, for example density, may form the
basis of judgement8ased on théindings from Experiment Avhichdemonstrated that
heavier objects were rated darker than lighter objects despite the heavier objects being
smaller it is predicted that the heaviness of the objects will continue to be the main basis for
brightness and pitch judgements such that heavier objects will be rated as darker and lower i
pitch. It is less clear based on previous findings if, and in what way size variation will

influence judgements about brightness and pitch.
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4.1.1 The influence of Size on Heaviness

One complication which must be taken into account is the influenceeobsi
perceived heaviness. In the previous chapters, there has been little distinction between the
weight of an object and its subsequent perceived heaviness. This was because when all else is
equal, perceived heaviness systematically maps onto the mageds, albeit imperfectly
(Weber, 1834/1978). However, the size of objects has an additional influence on perceived
heaviness. The sizgeight illusion means that the smaller of two equally weighted objects is
felt to be heavier than a bigger objeBu¢kingham, 2014; Murray, et al., 199%iven this
effect, it is expected that a dissociation between the weight of the objects and the perceived
heaviness will be observed as a result of variation in size. In order to assess this disparity, a
group of participants were asked to rate the ssahef objects on a scale measuring
perceived heaviness. These ratings were used to explore whether perceived heaviness as
opposed to veridical weight is a more meaningful predictor of brightness and pitch ratings.
addition a preliminary study was nducted to determine how size alone influences
judgements of brightness and pitch when the sizes of the objects are felt, but they are not

lifted.

4.2 Preliminary Study: confirming the correspondence of size alone with brightness and

pitch

If size does hee an influence on the ratings of brightness and pitch, it is expected to
be in accordance with previous demonstrations oflsigghtness and sizgitch
correspondences, which have shown bigger objects to be rated as darker and lower in pitch
than smalleobjects (Evans and Treisman 2010; Gallace and Spence, 2006; P. Walker and
Smith, 1985; L. Walker, et al., 2012). However, it is only assumed that the size of these

particular objects would induce the same pattern of correspondences observed elsewhere. To
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check this assumption, a group of participants explored objects of the three values of size
through touch without lifting, and were asked to give ratings of brightness, pitch and

expected heaviness.

4.2.1 Method

4.2.1.1 Participants

Twenty-eight studentfrom Lancaster University (2 males and 26 females) between
the ages of 18 and 29 (mean age = 19.30 years) volunteered to take part in the study after
being approached in various social and learning spaces on campus. All participants except

three were righhanded by selfeport.

4.2.1.2 Stimuli and Materials

Materials. One object at each level of size from the set of 9 (i.e., objects A, E, & I in
Figure 4.1) were used in the present study. The objects were presented in pairs inside a
wooden frame (33cmx881x33cm) which had a thick, black curtain on one side to hide the
objects from view of the participant. The rating scale being used was placed on top of the

frame for participants to refer to.
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Figure4.2 Schematic of the apparatus. The objects remainigiden from view behind a
thick black curtain. Each scale was placed in front of the participant on top of the wooden

frame.

ScalessThree rating scales were used to elici
assumed heaviness, brightness and pitch aslifexts. The direction of each scale was
randomly determined, separately for each feature and each participant to ensure that all scales

were not aligned in the same direction for each person.

HeavinessThe heaviness scaleran froffl wi t h anilcihght & adred silie a
each end point. For half of participants, fih

to 9, for the other half of participants the reverse assignment was used.

Brightness.Brightness was represented with nine squares{2amying in
achromatic brightness between white and black in equal psychological steps selected from the
Munsell Book of Color (1976) printed on an olive textured background. Each square was
numbered from -B starting with 1 at the left. For half of parpants the squares ran from

black to white and for the other half this was reversed.



