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CHAPTERI
INTRODUCTION



1. The crossmodal interaction in taste and smell perggion and the memory for
odours

Human experiences of objects and events are forthemlgh the perception and integration of
information coming from different sensory modaktielmportantly, research has shown that even
information not directly related to the object ifssuch as that produced by the contest wherstihmulus is
presented, can contribute to modulate its mentaksentation. This might be the case, for exangdléhe
interaction between the evaluation of a given feod the characteristics of the plate where it ivezk
Despite of these observations, the presence ofisantiory interactions in taste and smell percepiodh
memory have been much less investigated by neert#fai research as compared to interactions batwee
other sensorial aspects of the environment. Neslegh, this knowledge is important in order to mkefa
more comprehensive and accurate model of humansendory integration. Here we concentrate on this
issue by investigating a number of different toplasparticular, in this thesis we investigatedhié colour,
weight, texture can differently modulate the evabraof some characteristics of the liquid servedt.i We
also investigated crossmodal integration in thec@ssing of odours under both ecological and compute
controlled experimental conditions. Finally, we exi$ed the topic of olfactory memory. In this stuneky
compared the performance of Alzheimer patientsrolegically normal elderly and young individualBne
connection among these different aspects relatdeetéact that human representation of taste afadtan,
likely relies on a multimodal architecture, whemisg@nsory perceptual aspects continuously intesgtt

other sensorial and higher order processing systeonsprising language).

1.1 Crossmodale correspondences

The human brain in order to select and adopt th&t aq@propriate behaviour in the world needs tocsele
information relevant to a specific event or objieom the huge amount of simultaneously presenteausit
which reach the different sensory organs. Resegzdtave defined the ability of the brain to unifylyothe
relevant signals into the perception of a singlgab the ‘crossmodal binding’ problem (see Spe@édla
for a detailed review). In early studies, just msgriore recent research, the temporal and spaiiatidence
among the different unisensory signals were consitlthe more relevant factors for crossmodal iratign

to occur (Calvert, Spence & Stein, 2004; Engelsi&g8&r, 2001; Frens, Van Opstal, & Van der Willigen,
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1995; Klemen & Chambers, 2012; Jones, & Jarick,620@acaluso & Driver 2005; Stevenson, Krueger
Fister, Barnett, Nidiffer, Wallace, 2013). Thatiis general, the greater the spatial and tempacadimity of

the stimuli afferent in different sensory modabtig¢he higher their chances of being integrated the
unitary perception of a given object. However, unckertain circumstances the temporal synchronywof t
stimuli can generate a misleading perception. Kamgple, in the sound-induced flash illusion, a Erftash
presented together with two or more audio beepscedn the observers the perception of a doubkhfla
(Innes-Brown, & Crewther, 2009). By contrast, ifob@wr more flashes are presented together with eep,b
the observer reports the perception of a lower raind$ flashes (Maccora, Indovino, Baschi, Paladino,

Talamanca, Cosentino, Giglia & Brighina, 2013) (Bee 1).
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Figure 1— Sound-induced flash illusion (from Maccora et. 2013)

More recently, researchers have investigated haglehilevel or cognitive factors (such as semantid a
synaesthetic aspects) can also modulate the iti@mgraf sensory signals in the brain. Spence (2plla
defined ‘semantic congruence/incongruence’ the itimmd in which two simultaneously presented stimul
(auditory and visual) vary with respect to theientity or meaning. For example, a speaker’'s voare lwe
matched to the same gender face or not (Lachs &Ri2004), or, an odour (coffee) can be semaryical
congruent with a sound (drinking coffee) or nottifep potato chips) (Seo & Hummel, 2011). Instead,
‘synesthetic congruence’ is based on some sofsiafilarities’ between the two interacting sensésl{ace,
Boschin & Spence, 2011; Gallace & Spence, 2006) andyeneral, is intended as the correspondence
between basic stimulus features in different maeigali(e.g. pitch in audition and brightness in ofigi
(Spence, 2011a). Nevertheless, among researclresisheot full agreement on the distinction betwé®n

concepts of crossmodal correspondence, synaestbetigruence and full blown synaesthesia. Some
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researchers consider synesthetic associationagustweak form of synaesthesia and base their atisms
on the fact that these phenomena share the sama basis (Martino & Marks, 2001; Simmer, Ward, kan
Jansari, Noonan, Glover, Oakley, 2005; Ward, HugksT sakanikos, 2006). However, it is important to
underlie that in synaesthetes the stimulation @fiven sensory channel (i.e., vision) is associdtedn
additional response in a sensory modality that matsdirectly stimulated (i.e., audition). For exdeypn
grapheme-colour synaesthesia different numbersti@rs can induce the experience of colours (thiewviof

a blue ‘O’, or ared ‘5’) (Ramachandran, & Hubba@01) (see Fig. 2). Another important distinctisthat
synaesthetes are a very small portion of the paipalawhile crossmodal correspondence effects laageesl

by a wide number of (if not all) people (synaestsencluded).
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Figure 2 — (a) A matrix number view from a non synaesthe(b}.The same matrix number view from a synaesshétem
Ramachandran & Hubbard, 2001)

Other authors simply postulate that synaesthesia irmal phase of the development of multimodal

integration processes in children (Baron-Coheng199ector & Maurer, 2009).

The debate on the processes at the basis of crdabmteraction, recently received some contrimgio
from the Bayesian theor§Bernardo & Smith, 1997). In particular, some aush@Ernst, 2006; Ernst &
Bulthoff, 2004) postulated that perception is abaifalistic process, that is, an optimal integratian
different sensory information due to a reductiovamiance of the final perceptual estimate. In ptherds,
the greater the number of times in which a perstegrate several signals from the same objectiothier
the perception of differences in the final perceptimate. According to Bayesian integration thexrie
crossmodal integration relies on the combinatiompridr knowledge and sensory information weighted o

the basis of their reliability in a given situati(®pence, 2011a).



On the subject of audio-visual multisensory intéigra Parise and Spence (2009) investigated ttee rol
of synesthetic correspondences in a series of empets based on Bayesian models in which pairs of
temporally or spatially conflicting auditory andsuil stimuli were presented. The task consisteal sdries
of unspeeded audiovisual temporal order judgme®J€) and participants were requested to establgthw
stimulus was presented first in a sequence. Thatsedemonstrated that the reliability of the aaflié
perceptual information is reduced by the intersgnsonflicts. That is, when couples of matched atim
(i.e., high pitched tones with small visual obj¢ces compared to couples of mismatched stimali, (high
pitched tones with large visual objects) were prtest performance deteriorated. Parise and Spegoedr
that the lower participant's performance in TOJKtaith synesthetically congruent auditory and &lsu
stimuli is due to a strong coupling between unisgnssignals and reflect the cost of multisensory

integration.

1.2 Neural correlates of crossmodal integration

Previous literature has shown that visual, taetiid auditory stimuli can be processes both in udaho
than in multimodal cortical areas of the brain (8am 1993; Bushara, Hanakawa, Immisch, Toma, Kansak
& Hallett, 2003; Downar, Crawley, Mikulis, DavisQQ0; Jacobs, Schall, Prather, Kapler, Driscoll, Bast
al. 2001; Mesulam, 1998). Nevertheless, the nauedhanisms underlying crossmodal integration resnain
to date still not entirely clarified. This partialck of clarity is probably due to the extreme ctawjty of the
brain structure and of the mechanisms involved. €knt research shows that basic characteristics o
stimuli (colour, form, pitch) are encoded in upatresectors of unimodal areas. By contrast, moreptam
sensory experiences (e.g., the perception of faoesd sequences, word-forms) are encoded in dozenst
sectors of unimodal areas. Transmodal areas, tifee$ti synaptic levels of sensory-fugal processig a
represented by heteromodal, paralimbic and limbitiaes. These areas play an important role inibgnd
the activity of multiple unimodal and other trangtab areas in order to generate multimodal neural
representations (see Mesulam, 1998 for a detadeww). Benson (1993), from clinical and anatomical
correlations schematized the major functional sudstyof brain cortex as hierarchically organized and
corresponding to a growing complex level of neysabcessing. The four divisions in which Benson

classified the cerebral cortex could be useful @épimg to investigate the neural basis of multisens
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integration: primary cortex, involved in the inltstages of sensory processing and the final otiagte for
motor functions; unimodal regions that discriminatategorize and integrate information within agten
modality to form a percept; heteromodal cortex tleatmpares a particular percept with previously
experienced percepts from other modalities to foomplex multimodal percepts; supramodal association

regions, involved in executive control of cognitivetworks (see Fig. 3).

Primary

Figure 3 — Represent the Benson’s hierarchical schema isifyiag) the cerebral cortex (from Benson, 1993)

A large number of studies has been devoted toifglemhere sensory integration occurs in the brain.
Early research found evidences that sensory infilomaconverges only in higher association areas and
specialized subcortical structures, such as thersuptemporal sulcus, the intra-parietal sulcud segions
of the frontal lobe (Stein & Meredith, 1993) (seg.F). Subsequently, other studies have invegtdtte
anatomical and functional basis of crossmodal natiggn in these areas (Avillac, Ben Hamed, Duhamel,
2007; Calvert, Campbell, Brammer, 2000; Grazianap,YGross, 1994; Rizzolatti, Scandolara, Gentilucci
Camarda, 1981; van Atteveldt, Formisano, Goeba@mrt, 2004; for a detailed review see Van dergtoe

Nijboer, Van der Stigchel, Spence, 2015).



premotor cortex ntra-parietal sulcus

prefrontal region

Figure 4 — Represent the cortical areas involved in senswegriation (from Kaiser, & Logothetis 2007)

A number of early studies have also investigatedsfiecific neuronal responses to multisensory mdbion

in subcortical structures, such as the superidicobis. In a series of experiment was shown thatrteurons

of this area respond to both auditory, visual amdatosensory cues (Stein & Meredith, 1993). Speadifi,
sensory convergence occurs when the responseivémggeuron is elicited by stimuli from differergrsory
modalities presented alone, or, when its actidtyniodulated (enhanced or depressed) by a stimidos f
another modality. This kind of response was defial®h ‘crossmodal interaction’, since differenttli
presented together generate the neuron respone toombined stimulus. The neurons that respond to
different sensory stimulations have been therefefened ‘crossmodal neurons’ (or bimodal, trimodag a
result of such studies, a number of principlesstmsory integration were defined: The principlésphtial
coincidence’ (Stein, 1988), according to which teeeptive fields of the different neurons whichpasd to
different sensory modalities overlap in the supecaliculus. Only the stimuli that fall within thioverlap
tend to produce an enhanced response. Whereas, ratbeons usually respond to stimulation within a
limited spatial region. The principle of ‘temporepincidence’ (Stein and Wallace 1996) states timat a
enhanced response of the crossmodal neurons isccamty by stimuli that are presented within a give
temporal window. Stimuli that occur outside of thisndow result into a unisensory response. The
interaction between the principle of spatial cagetice and the principle of temporal coincidenceyldo
seem to suggest that, generally only stimuli frbwe $ame source can elicit crossmodal interactievesn(if
research shows that this is not always true). Tilid principle, namely the ‘inverse effectivenegsstulates

that stimuli eliciting more robust responses, galteprovoke little crossmodal interaction, on tentrary,



when stimuli that cause weak responses are prasesiteultaneously, they can elicit multisensory

interactions (Perrault, Vaughan, Stein, Wallac®32®tanford and Stein 2007).

More recently, a series of reviews of the literaton neuroimaging and electrophysiological data
postulated that the spatial aspects of the hieiatcmodel of multisensory integration in the huntaain
need a revision (Driver & Spence, 2000; Kayser &athetis, 2007; Macaluso & Driver, 2005; Senkowski,
Schneider, Foxe & Engel, 2008). Specifically, a bemof authors noticed that multisensory spatial
integration can affect also the functioning of moidal’ brain areas. This was, for example, dematexdrin
some experiments in which during the processingisifal stimuli, the presence of a simultaneousiléact

stimulus resulted into a modulation of activatidrihe occipital cortex (Macaluso, Frith, Driver,().

Actually, the data from the most recent researclvisnal, tactile and auditory signals interaction
would seem to indicate that almost all the neunmalcpsses (low and high level) can be defined as
‘multisensory’ in some ways. In particular, an easing number of models (Bayes optimal integration,
stochastic resonance, phase coherence, subtregiomldlation), the improvement of neuroimaging and
electrophysiological techniques (magnetic resongncetional magnetic resonance, event, relatedriat,
magnetoencephalography) and of the correspondeta daalysis (independent component analysis,
multivoxel pattern analysis) as well as, the usen@iv tools of investigation (diffusion tensor imag
multimodal transcranial magnetic stimulation) wogldem to provide the basis for a more specific and
sophisticated conceptual framework of crossmodebiation (see Klemen & Chambers, 2012 for a detail

review) (see Fig. 5).
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Figure 5 — The comparison between the parallel streams modieft) and the interconnected models (right) afltteensory

processing. In the formers sensory informationofef a linear processing from subcortical, via sgnsweas to higher-order
temporal, parietal and frontal multisensory intéigra sites. In the latters and more recent, alltisehsory processing are virtually
mutually interconnected and can interact and madwach other’s activity with a different timingofn early to late processing

stages (from Klemen & Chambers, 2012).

2. Crossmodal correspondence in taste and smell percemn.

Surprisingly, until relatively more recent timesthtudy of the integration of the different sensory
signals that contribute to form the human gustasmy olfactory experience (the so-called chemienkss)
has received very little attention from research&tds occurred despite of the fact that nutritietated
behaviors are crucial for the survival of all spascand probably have strongly contributed to shapean
evolution. For this very reason, the lack of knayge on the integration of gustatory and olfactory
information have probably made less solid everyyeattempt to build an effective and reliable mioae
human brain multisensory processes. Currently,naneasing number of research are filling this ggp b
addressing taste and smell crossmodal interaci®mvell as the interaction between these sensesthad

sensory modalities.

It is important highlight here that with the exdeptof the primary tastes (sweet, salt, sour, Ritte
umami), odours are responsible for the largest gldur taste perception. This observation wasadlye
made by Titchener (1909), who noticed that peopde their ability to taste even well-known foodsewh
olfactory receptors are blocked by cold (see alswp¥ly, Cain, & Bartoshuk, 1977). The dependenchef
sense of taste on the sense of smell is well destiy Rozin (1982) who stated that people atteilzame
olfactory characteristics of the ingested food tavdur perception (taste-smell confusion). In some
pioneering experiments Burdach, Kroeze, & Kostéd8@) demonstrated that people report taste quality

(sweetness) of non-gustatory solution containing an odorant (taste-smell illusion).

2.1 Taste vs. flavor

According to Rozin (1982), the term flavour would imore appropriate to describe the mouth and

olfactory sensations elicited by foods ingestioncommon language; this term is often imprecise with



respect to such sensory experience. More spedtyfithé author argued that ‘taste’ should be useefer to
the pure gustatory properties (e.g., sweet, saltr, Ditter) in absence of olfactory or non-gustatoral
sensations. A few decades ago, Garner (1974) postuthat the different components associatedatar
perception (including touch, temperature, chemiicahtion, taste, and odour) are perceived asirgedral’
concept. More recently, in a detailed review SpeBoaith and Auvray (2014) regarding the confusiothie
use of the two terms, stated that ‘tastes’ shoaldlassified as a sub-components of ‘flavour’. @Gopently,
basic tastes as ‘sweetness’ and ‘sourness’ sheulctated as flavours like ‘fruity’ or ‘meaty’. Rhermore,
they suggested that the perception of taste isebt of the multisensory interaction among gustaand
non-gustatory sensations that individuals generalbssify as tastes (see Fig. 6). Additional topics
considered relevant to flavour perception modelSpence’s opinion are ‘attention’ and ‘expertisei. |
particular, the authors argued that attention igiat, especially in distinguish the odours thatrfdlavours

in their ‘retronasal’ recognition, (since for hursathis seems to be a very difficult task). Theytplased
that the problem arise from the fact that peopke raot aware of the fact that they can exert a \talyn
control of what is sniffed (Stevenson, 2009). Acliog to this reasoning, the authors also highlidyiet
relationship between attention and expertise; lat filne latter can help to recognize some flavour
components when they are familiar, for exampleéh@écase of wine tasters (Ballester, Patris, Symauoxne&
Valentin, 2008; Stevenson, 2009). Spence and ¢ple=a(2014) conclude that the flavour system niight
considered a whole separate perceptual sense,ptoatte linked to the Gibsonian concept of ‘affondas’

(Gibson, 1966).

Type of Perceptual
stimulation experience
Taste
Chemical
Tactile
Thermal
Pain
Electrical
Odour

Figure 6 — The complex interactions among the different sgnsignals that compose flavour perception (frqmerge et al., 2014)
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2.2 Gustatory and olfactory crossmodal interaction

Beyond the intricate mutual relationships among dhferent multisensory perceptions that concur to
form the flavour-olfactory experience and makeidiifit to isolate each other, it is worth mentionitt

taste and olfaction are also modulated by the poesef other sensory signals in the environment.

2.2.1 The shape and the appropriateness of the containém food/beverage
perception

Research has investigated how certain aspecteafditainer (rather than of the content itself) can
modulate some characteristics of the liquid com@imside it, For example, both in within-cultuthbn
cross-cultural studies it was demonstrated that siepe or, the appropriateness of the container can
influence the flavour of a beverage served in9pence & Wan, 2014; Wan, Woods, Seoul, H., Butcher,
Spence, 2015; Wan, Zhou, Woods, Spence, 2015; Waods, Jacquot, Knoeferle, Kikutani & Spence,
2016; Wan Velasco, Michel, Mu, Woods, & Spenceld0 The preference of people to drink specific
beverages in container of particular shapes woedansto be determined by previous drinking expegsnc
(Standage, 2007). In particular, Spence & Wan (2@tdued that these effects can be formed by aepsoc
of associative learning (Pearce & Bouton, 2001}erlatively, people preferences for the associatibn
determined liquids to specific container shapeghinbe driven by people’s expectations based oin the
memory of previous experiences, namely an ‘exposifect’ (Gallace & Spence, 2008; 2009) where
repeated associations (beverage-container) becare familiar, hence more liked (see Gallace & Spenc

2014, for a review).

2.2.2 The colour of the container in food and beverage peeption

In a pioneering work, it was demonstrated that akleition of food colorants (red, brown and
yellow) to sparkling mineral water, do not compremithe identification of the liquid both in blindfed
than not blindfolded individuals (Hyman, 1983). @ersely, it was demonstrated that certain coloues a
univocally associated with particular basic tastesexample, red and orange with sweet, greenyatidw

with sour, white with salt (Koch & Koch, 2003; O'Many, 1983; Tomasik-Krotki & Strojni, 2008, Wan et
11



al.,, 2014). Woods and Spence (2016) confirmed tresgmce of robust cross-modal correspondences
between single colours or colour words, and basites or taste words.

Research has also investigated whether people nsystally associate specific colours with
particular tastes in an acquired, innate, univetsdirectional or unidirectional fashion. Spentele (2015)
revised in depth the previous works on the mainrapsions of crossmodal association between colodr a
taste on the basis of the statistical account,sdraantic (or linguistic) correspondences, the abdity
heuristic and the affective correspondences. Tdesstal account corresponds to the internalizatbthe
statistical regularities of the environment. Onearagle of statistical account is that higher pitclaes
usually localized spatially higher in space, foliogron from the fact that as small objects ofterdtéo be
more distant from ground than big ones (Woods,aRoff, Dijksterhuis, Lloyd, Thomas, 2010). Semantic
(or linguistic) correspondence rely on the factt tbien, qualitatively different sensory impressoare
depicted with the same descriptor (Walker, 20I%tdad, available heuristic (Kahneman, & Tversioz3)
is linked to the most easily way to exemplifyingjigen taste. For example, when a person is reqiliéste
associate a colour to a sour taste, her/he miglatera mental image of a lemon and then name tbharco
‘vellow'. Lastly, affective correspondence postelathat people tend to match stimuli that raisestmae
emotion or feeling or are associated with the saffextive state (Collier, 1996; see Simmons, 2Qirlttie
demonstration that different colours are linkeddifierent emotions). Actually, none of these hymsis
prevail on the others.

Regarding the influence of the container colourgastatory perception, much less data have been
collected to date. Piqueras-Fiszman & Spence, (268i@ved that participants perceived the flavous bbt
chocolate as enhanced when served in an orangecmap, as compared to conditions in which theesam
beverage was served in red or white cups. Inst&isso, Maggioni, Olivero and Gallace (2015)
demonstrated that people’s perceptions, expecttenmd choices regarding some characteristics 1€ nali
water (perception of carbonation intensity, frestwmereference for different container’'s colourdtmk
sparkling or still water) are differently modulatby the colour of the container where the liquicésved.
Guéguen (2003) has demonstrated that beveragesirmxhtin blue and green (cold colours) plastic cups
were considered most thirst-quenching, as comptrdtie same beverages contained in red and yellow

(warm colours) cups. Whereas, Ngo, Piqueras-Fiszraad Spence (2012) assessed the presence of

12



crossmodal correspondences between still and cabdrwater and colours (blue, red, green). Favre &
November, (1979) demonstrated that participantggddas stronger coffee served from a brown jar, as
compared to the same liquid served in red, blugethow jar. By contrast, in a recent experiment \&zoorn,
Wouillemin, and Spence (2014) demonstrated thatisewhug enhanced the flavour intensity and reduked
perceived sweetness of the coffee served in dpapared to coffee served in a transparent orelug.

With respect to the associations between the cadduhe container and food, Shankar, Levitan,
Prescott and Spence (2009) reported that peopée¢uds morehocolateythe M&Ms with a brown label,
as compared the green labelled M&Ms. Stewart anss@2013) showed that their participants perceaved
piece of cheesecake to be sweeter, higher in flantensity, superior in quality and more pleasahew
eaten on plates with certain association betweein shape and colour (i.e., white round or squéaep and
black round or square plates). Similarly, Piqudfesziman, Alcaide, Roura and Spence (2012) showagd th
the colour of a plate (black or white) can affeebple’s perception of a mousse only when serveldinvi
certain dish or container.

People expectations on a specific product, have beaghlighted among the possible explanations,
for accounting the container-colour modulatory etfe In fact, Levitan, Zampini, Li, & Spence (2008)
showed that participants asked to judge whetheairagh differently coloured candies (Smarfipdad the
same flavour or not ,were affected by the partiigaprevious beliefs (i.e., regarding whether ot such
orange candies taste differently from other colduwandies). The fact that some sensory propriéti@sur,
texture, weight, etc.) of the container can modulatdividuals’ perception or feeling concerning the
beverages served in it, was defined ‘sensationsfean(Spence & Piqueras-Fiszman, 2012). Sensation
transference would occur beyond people’s expecdstiogarding the liquid tasted. In order to expkome
of these effects, researchers have also definecotiaept of ‘affective ventriloquism’. This concepfers to
the fact that the hedonic/emotional attributes pf@duct/stimulus perceived via one modality caul*for
bias) a person’s estimate of the quality and pleasas of the product/stimulus derived from otlesrssry
modalities into alignment, and by so-doing, modrikaperson’s overall product/stimulus experience.

It is important to note here that the presencero$smodale correspondences between colour and
taste seems to be well justified by evolutionargssure. Prehistoric humans were likely looking féard

with a high calories content, and for that reasmy tprobably have learned to associate certairucoMith
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high energy foods (just as in the case of the mduc associated with ripe fruits or with animabddl

(Maga, 1974; Spence et al., 2010).

2.2.3 The tactile and textural attributes of food/beverag@ and of the container in taste
perception

The gustatory crossmodal integration processedetkléo the somatosensory features of the
container in which food and beverages are servedally are those that have received less atterfit@n
researchers. With reference to the food-texturecesfTournier, Sulmont-Rossé, Sémon, Vignon, Idsaunc
and Guichard (2009) showed that a variation oft¢ixéure of food can affect people’s perceptionafie of
its characteristics. In particular, they found thatincrease in the viscosity of a custard dessgranced
people’s perception of its taste intensity. As d&arfood containers are concerned, Piqueras-Fisamdn
Spence (2012b) demonstrated that the texture ohtaimer can modulate people’s gustative percepifon
the biscuits that are consumed in it. Specificalhg biscuits taken from a rough pot were perceiasd
crunchier and harder than those taken from a sreogqibt. Similar results were reported by Biggsavle
and Spence (2016) in a series of ‘citizen scientests in which people rated the mouthfeel and food
sensations of biscuits and jellies served in plagsng rough or smooth finishes. The results slibthat
participants rated the food as crunchier and rouglten tasted from rougher plates than when tafsteal
smoother plates. Similarly, participants evaludtezlbiscuits as saltier and gingerier when pickedhfthe
rough plate and sweeter when tasted from the snpaté.

Among the few studies that addressed the interadbetween taste and texture perception of
beverages Szczesniak, (2002), investigated thrqugktionnaires and interviews which attributesapfitls
and food textures make them unacceptable or ingppte for participants. Unsurprisingly, it was ogjed
that lumps or hard particles in beverages are densil inappropriate (due to the fact that they pkevfear
of choking). Regarding the effect of the texturéshe container on liquids, Schifferstein (2009edisups
made of different materials (translucent plastigague plastic, melamine, glass, ceramic) to evaltia
drinking experience relative to two different beaggs (soda or hot tea). The participants rated thkso
empty cups with respect to a set of characterisétzded to affective dimensions (i.e., pleasamlemsant,

good-bad) and sensory perception (i.e., heavysligtick-thin). The author found that, with just ewf
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exceptions, the drinking experience followed theesience of the cups (e.g., the more pleasant was
perceived the cup, the more pleasant was percénesdrink). On a similar line of research, Krisharad
Morrin (2008) investigated the effect of the firnsseof a plastic cup on the taste perception of@dndrink
(one can of Sprite diluted into 6 litres of watélhe results showed that the firmer a cup washibieer the

participants evaluated the quality of the drinkdes

More recently, Tu, Yang, and Ma (2015) investigattesl effect of different packaging materials on
taste perception of traditional Chinese cold tezelmge. People were asked to evaluate three diores)si
bitterness, sourness and sweetness of the samdritda(although they were led to believe that three
different brands of the beverage were tasted) den/eups made of different materials (glass, papganic
plastic). The results showed that the haptic pei@emf the cup affected people taste perceptionhef
beverage contained in them. In particular, peoplted the sense of ice (a sub-dimensions of the scal
measuring sweetness) of the beverage as significhigher when tasted by means of the glass cup wit
respect to paper or organic plastic cups. The effecontainers textures on the evaluation of mahesater
taste, was recently investigated by Risso, Madgittzi and Gallace (submitted). During the expeir)
the water was served in three identical commenaigls: one covered with a layer of sandpaper, therot
with a layer of satin, and the third covered by shene material of the cup (plastic). The participamere
blindfolded during the task, and were asked to watal mineral water (freshness, pleasantness, tdvel
carbonation, lightness) using visual analogue scdlee results showed that mineral water was perdeas
fresher and more pleasant when contained in thetipleups, than when it was contained in the capered

with sandpaper or satin.

Among the different somatosensory characteristgkeri into account, a few studies have
investigated the effect of the weight of the camtaiin food and beverages taste perception. ludy dby
Pigueras-Fiszman and Spence (2012c), it was deratedsthat a heavier container enhances a partitspa
perception of the density of yogurt (i.e., a seoliesfood) as well as the expected satiety andirfgebf
fullness even before the food is tasted. SimildPligueras-Fiszman and Spence (2011) reported tggirty
eaten in the heaviest of three identical bowls raéed as the most dense, pleasant, and expensigesame

research group (Pigueras-Fiszman, Harrar, Alcaidd,Spence, 2011) also showed that participantgeglid
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yogurt as more pleasant and higher in quality whaten with a stainless steel spoon rather thamastigl
spoon. It is, however, important to note here thatfood used in these experiments was limitecbtguyt, a
gel-like substance that cannot be fully classifiada solid food or beverage. With respect beverageg

two studies investigated the effect of the weighthe container on beverage taste perception. iFsiewas
mainly focused on the effects of increasing theghieof a bottle on people’s expectations regardiegain
characteristics of wine (Piqueras-Fiszman and Spe212d). The authors of this study found thaépiial
customers expected the wine to be more expensivefbetter quality when contained in heavier lesttl
instead of lighter bottles. Note, however, that plagticipants in that study did not taste any wimesven
interact with its container but instead only evéddathe product using an online questionnaire. &foee, it
remains unclear if beverage perception can be tafleby the tactile/haptic aspects of the contaaret
whether various liquids are similarly affected hg same tactile manipulation of the container inctvithey

are served. In another second study the multisgmst@ractions between some characteristics ofkiwd of
mineral water and the weight of the plastic cupvimich the liquid is served was investigated (Maggio
Risso, Olivero & Gallace, 2015). The participantgaleated the freshness, pleasantness, level The
participants evaluated the freshness, pleasantiees$ of carbonation, and lightness of two typémmeral
water (still and carbonated) using visual analogoales. The water was served in three identicatipla
cups, varying only in terms of their weight (ligimhedium, and heavy). The results showed that when a
heavier cup was used, the participants perceivednineral water as less pleasant. By contrast, g

the water served in heavier cups as more carborihi@d water served in lighter cups. These data
demonstrate that crossmodal associations in tasteption depend on the category of the productgoei

evaluated and the specific quality that is rated.

2.2.4 The hearing contribution to food and beverages crasmodal taste perception

A few studies have addressed the interaction betwaste and sound in food and beverage
perception. The crossmodal correspondences betsuadition and taste perception includes the assoosat
with simple auditory stimuli, for example, pure ¢éoand basic tastes (Bronner, Frieler, Bruhn, Hiiper,
2012; Crisinel & Spence, 2009; Crisinel & Spend#l@a; Holt-Hansen, 1968), as well as, associatiitis

more complex stimuli, for example, flavors and mu&risinel, & Spence, C. 2010b; Crisinel, & Spence
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2011; Crisinel, & Spence, C. 2012; Knoeferle, WqodtiEppler, Spence, 2015; Mesz, Sigman, & Trevisan,
2012; Mesz, Trevisan, & Sigman, 2011; Reinoso GQhojaVan Ee, Rychtarikova, Touhafi, Steenhaut,
Persoone & Spence, 2015; Spence, 2011b; Spencea®gW2015a; Spence, & Wang, 2015b; Spence, &
Wang, 2015c; Spence, Michel, & Smith, 2014). Witdference to the low level gustatory-auditory
associations, Holt-Hansen (1968) demonstratedptirdicipants matched the taste of two differentrbeéth
different pure tones. That is Carlsberg Elepharg watched to an average frequency of 640-670 HE, an
regular Carlsberg was matched to an average freguErb10-520 Hz. More recently, Bronner et. aQ1(2)
performed an experiment where participants hadntagine the flavour of a fruit (orange, lemon and
grapefruit) associated to a sample sounds haviffigreint intensity and sharpness. The results shavad
the more intense and sharp the sound samples therdjgher sourness was perceived (orange least sou
lemon most sour, grapefruit between orange and ignfimilarly, Crisinel and Spence (2010a) used an
implicit association test to investigate the sttngf the link between high-pitched sounds andnidumes of
sweet-tasting foods, and between low-pitched sowmdk the names of salty-tasting foods. The authors

demonstrated that sour and sweet-tasting namesad$ fwere associated with high-pitched sounds.

Regarding the association between flavour and mgsz et al. (2011) investigated whether taste
words (sweet, sour, salty, bitter) elicited comistmusical representations during improvised parémces
of trained musician. The results showed that ‘Bitteusical improvisation are low-pitched and legato
(without interruption between notes), ‘salty’ impigations are staccato (notes sharply detached éach
other), ‘sour’ improvisations are high-pitched adigsonant, and sweet are consonant, slow, and soft.
Instead, Crisinel and Spence (2012) explored teecastion between the flavour of three differergetyof
chocolate (dark, milk, and marzipan-filled) and asical note played by a specific instrument with a

particular pitch.

In a recent review of the literature, Knoferle &eppe (2012) hypothesize a series of possible
mechanisms at the basis of crossmodal correspoeddretween tastes/flavors and auditory stimuli. The
authors postulate four possible explanations wa$pect the causes of the interactions and assmsati
found. The first is ‘intensity matching’ (Steveri957), based on the concept that unimodal stinarii loe

described in categories of ‘less’ and ‘more’. Tiwmtthe loudness of a sound could be mapped omto th
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intensity of a gustatory stimulus with the effdtattan enhancement in a property results into aeése in

the other property or dimension (Smith & Sera, J98%hother hypothesis is related to ‘hedonic matghi
through which some crossmodal correspondences amgnd on the affective value of different stimglr
example, tastes judged as unpleasant could be ethtich sounds rated as unpleasant and vice versa.
Nevertheless, Kndferle & Spence (2012) specify trdy a few studies have confirmed this hypothesis
(Crisinel & Spence, 2010b, 2012), concluding thadaubtedly the origin of the match between tasi an
pitch is attributable to different mechanisms. Altgively, crossmodal correspondences between &aste
sounds may be explained in terms of ‘statisticabcourrences’. As demonstrated by Simner, Cusidey,
Kirby (2010), participants map some phonetic spescbustic qualities to particular kind of tastesr F
example, sweet tastes are mapped into a lowerrapbaiance, as compared to sour tastes. Simner and
colleagues argued that taste-sound correspondenagshave contributed to the naming of objects in
language evolution. According to Simner et al. (0dnd Spence (2012) the association between bitigr
sweet tastes with low-high pitched vowels respetyicould be attributed to the natural orofaciastgee
made by every infant in response to different gosyastimuli. In particular, human babies, justseveral
other mammalian species, protrude their tongue autvand upward in response to pleasant tastes and
outward and downward in response to aversive téStemer, Glaser, Hawilo, & Berridge, 2001). Sitdial
co-occurrence would be generated by the babie€resqe to generate specific auditory cues in nespeo

specific gustatory input early in life (Spence, 2PD1

The last hypothesis, namely ‘semantic matching’uldcoriginate when a single term is used to
define sensations caused by the stimulation oéwfit sensory modalities. An example with respetadte-
sound associations, is the use of the word ‘sweeadefine a taste or a music brain: “sweet musstipport
for this suggestion is offered by the semantic wgdiypothesis by Martino and Marks (1999) accordog
which, the metaphorical associations between diffeisenses occur at the higher level of information
processes. Hence, the information that originatenfiseveral senses is codified by means of abstract

representations, likely verbal/semantic.

Taking into account the wide range of studies endtossmodal correspondence between aspects of

foods, beverages and sounds, a special mentiomvdedhe association between music and wine. Iy iftac
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has been shown that people have a strong tendenmyatch specific wines to particular pieces of musi
Spence and Wang (2015a, 2015b, 2015c) in a compsefee review have described in detail such
associations often collected during wine tastingneéviFor example, in one of these events, naivewuoers
were asked to taste two red and two white winedewistening simultaneously to one of eight preereled
classical music selections. They were also reqddsteate how well each wine matched with eacheiec
The results demonstrated that a 2004 Chateau Mar@ared wine) was matched by participants with the
second and third movements of Tchaikovsky’'s St@uartet No 1. While, a 2010 Pouilly-Fumé Silex,
Domaine Didier Dagueneau (a white wine) was matohigd Mozart's Flute Quartet in D Movement 1
Allegro. The authors, in their articulate reviewsalyse the possible origins of the match betweeatifip
music and different types of wine, with particulemphasis on the fact they are not attributable to
synaesthesia. Spence and Wang (2015a, 2015b, 204%e) observed that synesthetes that experienced
specific flavours hearing particular sounds areepkionally few, while the effects described in theviews

are shared by a great number of people. The autingued instead that at the basis of the phenomémene

are the emotions generated by the music which asseciated with the wine would seem to increase and
hence enhance (through selective attention), thensa of some characteristics of the beveragehén
present doctoral project, it was not addressedspieeific crossmodal correspondence between music an
wine. On a different line of research Woods et(2011) in a series of experiments demonstratedtheat
intensity of the background noise can modulatepieeption of food properties (sugar level, salelg
crunchiness, liking, food crunchiness, overall dlay, food liking). Participants during the experimhate
different foods while listening simultaneously to sound, quiet or loud background white noise. fEseilts
showed that the sweetness and saltiness of foo@vedsated as significantly lower in the loud congpkto

the quiet sound conditions. By contrast, crunchineas reported to be more intense under the former

condition of stimulus presentation.

Zampini and Spence (2005) showed that participapts’ception of carbonation intensity of
sparkling mineral water is affected by an alteratd the frequency of the auditory feedback emitigdhe
liquid just before consumption. During the expeminghe sound emitted by sparkling water was
manipulated in order to amplify its higher frequiesc The researchers found that the participamkggd as

more carbonated the water presented under thisitmondf stimulus presentation, as compared to a
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condition where no sound manipulation was perfornfedfar as the sound emitted by the machinery used
to manipulate food and beverages is concerned, éflef2012) in several experiments demonstrated tha
participants judged as tasting better the coffespgmed with a machine manipulated to emitted admnigh

quality sound during its use, as compared to a macthat produced a low quality sound during coffee

preparation.

Finally, an intriguing method that can be effeelyvused to investigate crossmodal correspondances
between the elements of the whole context (inclyditusic and sounds) where food is consumed is the
immersive approach by Sester et al. (2013). Thieoasitsuggest that several variables may interastdar
to influence food and beverages related behavibesfood (e.g. package or label), the person @agial
factor) and the eating situation (e.g. physicat@aunding) (Meiselman, Johnson, Reeve, & Crouch,0200
Weber, King, & Meiselman, 2004). In order to tebeit claims the authors created two bar-like
environments based on the idea of “having a ditn& bar”. The first set, mainly made with woodtiture
was defined ‘warm’ and the second, mainly made Wwitre furniture, was defined ‘cold’. Clips with vial

and music stimuli were also projected on a walhtmlulate the mood of the ambient (see Fig. 7).

Figure 7 — Left, the laboratory reconstruction of the waimmersive bar. Right, the laboratory reconstructainthe cold
immersive bar. (from Sester et al., 2013)

The results of this study demonstrated that thiemifit ambient of consumption are sufficient taeefffthe
drink choices of the participants. However, as @eimted out by the authors, it remains unclear tiosv
different variables of the experimental setting mlate the drink preference: a) separately or only i
combination; b) implicitly or explicitly; and c) thugh perceptual, cognitive or semantic associatiof

similar experiment with a more ecological approaets administered in The Chocolate Line Shop Antwerp
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in which participants tasted different type of chlate prepared in the working kitchen. In this cse
soundscape conditions of the environment were @vrsg that, people was divided in four groups and
tasted the chocolate wearing a pair of headphoneéhioh different audio files were alternately pldy¢he
ambient soundscape of the production kitchen; ng;sithe same song but to participants were alsbthalt

it was the chocolatier's source of inspiration wiheishe created the chocolate sample; the sameaswhg
the participants were told that the song was chdiem team of scientists because it was found to be
effective in enhancing the taste of the chocol3tee results revealed that the participants report
significantly better tasting and highest willingeet® pay for the experience in which the soundsewer
presented as part of the food'’s identity. Thairighe condition in which they were told that theng was

used as the source of inspiration by the chef &@ho et al., 2015).

2.2.5 The sound/shape symbolism in food and beverages ssamodal taste perception

The concept of sound symbolism derives from thosdiss that have investigated the presence of a
robust association between abstract rounded oransjutapes and the pseudo-words “Bouba” and “Koki”
“Maluma” and “Takete” (Kdhler, 1929; Kdhler, 194Jespersen, 1922; Ramachandran, & Hubbard, 2001;
Sapir, 1929). Specifically, almost a century agdl€d, (1929) showed that people significantly aggedhe
non-words ‘Baluba’ and ‘Takete’ respectively to mded and sharped abstract shapes (see Fig. 8). In
subsequent years, many experiments have replittadsd results using several non-words, althougtiate,
it has been not yet clarified the underlying mecéras. Indeed, some researchers have attributedatie
arbitrary association between pseudo-words andeshapthe differences in the dimension and conditjoin
of the vocal articulatory tract in pronouncing vasv&a/, /o/ and /u (in this case open and expassecated
to large and rounded shapes). That is, a smallcanttact vocal tract in pronouncing vowels /e/ dihd
might be linked to small and harsh shapes (Maupathman & Mondloch, 2006; Newman, 1933;
Ramachandran, & Hubbard, 2001). It has been suggy#isat sound symbolism might be the bootstrapef t
evolution and of the development of language basethe human inherited capability to map and irgegr
multimodal inputs (Asano, Imai, Kita, Kitajo, Okadehierry, 2015; Imai, Kita, 2014; Maurer et alQQsb;
Ozturk, Krehm, Vouloumanos, 2013). Intriguinglyetpresence of synaesthetic correspondences between

verbal properties of stimuli and gustatory stinméire studied by changing the visual and auditeagures
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of the non-words, using only specific phonemic sisyras well as, through the use of correspondeesh

Gallace et al. (2011) highlighted the presencerofsmodal associations between the visually predent
pseudo-words ‘takete/maluma’ and ‘bouba/kiki’ aheé taste of different kind of food. They found that
potato chips and cranberry sauce were rated ag Ineime ‘takete’ than brie cheese while mint chaeola

was rated as more ‘kiki’ than regular chocolate.

Figure 8 — Left the shape associate to the non-words ‘ldkdi ‘takete’. Right the shape associate to thewmnals ‘bouba’ and
‘maluma’ (from Gallace & Spence, 2006)

In a different study Spence and Gallace (2010¢@$keir participants to taste different foods bederages
and match them to visually-presented shapes ansense words. The results revealed that among $evera
foodstuffs people associated sparkling water, aagbjuice, and Maltesers — chocolate-covered malt
honeycomb to angular shapes and high-pitched mglasswords, such as ‘kiki’ and ‘takete’. Conveysel
still water, Brie, and Caramel Nibbles (chocolabeered caramel) were associated to lower-pitchedqrs
words, such as ‘bouba’ and ‘maluma’. Instead, Ngisra and Spence (2011) demonstrated that visually
presented shapes and non-words are differentisfigaated to chocolate samples varying in cocogenon
That is, Lindt extra creamy milk chocolate (30% @acand Cadbury’s Koko milk chocolate truffles were
associated with rounded shapes and softer soumder-pitched pseudo-words, such as ‘maluma’. While,
Lindt 70% and 90% cocoa chocolates were more diyoagsociated with sharper (angular) shapes and

sounds, such as ‘takete’.

A research on the crossmodal associations betwamercial exotic fruit juices and sound and
shape symbolism showed that juices that were judgaet and low in sourness, were matched with reund
shapes and speech sounds, and were generallyrfiked. Conversely, those juices that were judged as
tasting sour, were consistently matched with arrgsit@pes, sharper speech sounds, sounds with arhigh
pitch, and were liked less (Ngo, Velasco, Salg&tmehm, O’Neill, Spence, 2013). At a more perceptual
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level, Simner et al. (2010) created four sounds dha thought to represent the phonetic qualitfespeech
to map some acoustic characteristics of the bastes. They found that participants tend to aseosiaeet
tastes to a lower spectral balance (as comparedup tastes). Moreover, the authors showed thabl@eo

map several sound qualities to various taste cdrat@ms.

In the last few years, the research of the neilenssts on the crossmodal associations between
particular sounds/shapes and specific objects heaci®d the attention of companies interestedarat
applicative level, in optimizing the marketing dgsiof their products. Several experimental desiumge
then focused on certain commercially relevant aspefcfood (Salgado-Montejo, Velasco, Olier, Alvdoa
Spence, 2014; Velasco, Woods, Deroy, Spence, 20dksco, Woods, Hyndman & Spence, 2015). For
example, Velasco et al. (2014) assessed the rdikirg in the association of both ‘basic’ tastenres and
actual tastants to visual morphed shapes alongtheiness/angularity dimension. The results dematest
a significant match only between sweetness anddmess and only in the experimental condition with
actual tastants. Moreover, it was showed that peopiking for a taste influence their shape matghi
responses. Intriguingly, no results was found i élxperimental paradigm where the words that reptes
basic tastes were presented. By contrast, Salgauudid et al. (2014) demonstrated that simple line
segments and shapes that are used as graphic cemipofi some brand images (typeface and logo siymbo
evaluated trough visual analogue scale anchoresduod/shape symbolic stimuli, can contribute tovegn
particular emotional meanings. While, Velasco e{2015) by means of an on-line study investigdtea
basic taste words (sweet, sour, salty, and bitterich to typefaces, printed on a container andinvgrip
their roundness versus angularity. The authors detrated that participants matched rounder typsface
with the word “sweet,” whereas more angular tygeds were matched with the taste words “bitter,”

“salty,” and “sour.

2.2.6 The role of odours in gustatory perception

As already mentioned, the close relationship betwedour and taste has led to postulate that the
olfactory, gustatory, trigeminal components of fquefception, as well as tactile and auditory vistas
perceived when tasting foods, are inextricably gdirio form flavor perception (Auvrey & Spence, 2007

Spence et. al.,, 2014). This view abolishes the iofehasic tastes (such as ‘sweetness’), as a depara
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category and suggest that they should rather bsidemned sub-components of flavor, likewise ‘fruity

‘floral’.

Olfaction is not only one of the key elements obtgiory perception in helping to determine a
particular flavor, but taken as a separate systéngenerates powerful crossmodal associations with
tastes/flavors. For example, it was reported tmaidour can elicit also a taste response in alésste
solution, besides the expected olfactory resporaerdach et al.,, 1984). In a series of pioneering
experiments it was observed that strawberry odotaeces the sweetness of a sucrose whipped cream,
while peanut butter odour did not enhance sweetridsseover, strawberry odour did not enhance the
saltiness of sodium chloride, and by pinching theigipant’s nostrils the 85% of the effect of stteerry
odour on sweetness enhancement was eliminatechdrnre, it was also shown that the colour red,
contrary to strawberry odour, did not modulate snwess (Frank & Biram, 1988; Frank, Ducheny & Mize,
1989). Subsequently, it has been assessed thahdhease-decrease in sweetness taste perceptian is
function of the specific strategy adopted by patints for the evaluation and of the odours famiijialn
other words, these effects depend on the kindue$tipns asked to participants (e.g., whether éneyasked
to rate only the intensity of the sweetness ofaadur or, to rate the different components of adia), as
well as to the initial familiarity of the odour rbugh repeated exposures (Prescott, 1999). Stavenso
Prescott and Boakes (1999) showed that the dedregoors sweetness rated by participant deterntimes
degree of enhancement or suppression of the svesetfesucrose. That is, caramel, maracuja, strawber
and lychee odours enhance sweetness taste. Waitegstone and angelica oil odours suppress sweetness
Moreover, caramel odour was found to suppress thensss of citric acid. More recently, it was
demonstrated that ‘cut grass smell’ defined asegredour’ (a note characteristic of olive oil), anbes
bitterness perception (Caporale, Policastro, Meotst, 2004). Similarly, it was shown that the sadi
aroma enhance salt intensity in tasteless solutioris low-salt content solutions. (see also N&Sdptiel,

Beno, Salles, Thomas-Danguin, 2012).

Regarding the interaction of odours with more campstimuli Gallace, Risso, Covarrubias and
Bordegoni (in submission), by means of a small sufctory device investigated the crossmodal

correspondence between three different olfactdmudit (air, chocolate, citrus) and two differenfpts of
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food (sugar candies and crackers). In particulay flound that participants perceived candies aadkers

as more pleasant when presented together with dbe af citrus, than when presented with the odor of
chocolate or in a no odor condition. Moreover, ipgrants’ perception of sweetness of both foodsdga
and crackers) increased when presented with theafdmhocolate, as compared to when presentedtivgh
odor of citrus or air. Interestingly, the same ekpent conducted with three different beverageardng

water, tonic water and Spritedid not showed significant crossmodal effectthefodours.

Researchers are trying to understand and definendolanisms and the neural correlates that join
odours to flavour perception. Recently, it has beposed that flavour perception arise by botlegyatual
experiences and attention (Prescott, 2015). Acongrtti Prescott (2015), the hedonic characterisficastes
are transferred to odours. Hence, odour paired svitbetness become liked and sweet, the oppositesocc
for the odours paired with bitterness. What is méhescott argued that the binding between odoudls a
tastes is likely mediated by the tactile receptoirghe mouth that can provide spatial informatiord a
enhance localization (see Fig. 9). As far as thj®eats is concerned, in a fMRI study it was denrated
that odours that contribute to flavour perceptionl @¢hat are perceived via retronasal route (a tiomdi
where food molecules reach the back of the nosmugifir eating or drinking), activate the mouth aréa o
primary somatosensory cortex. It is worth notingtthdours presented orthonasally (when inhalediffed
directly from the nose) did not activate the sameaaf the somatosensory cortex (Small, Gerber,, Mak
Hummel, 2005). Regarding the role of attention, dffect would likely concern the kind of hedonic
evaluation requested to participants (syntheticsu®ranalytic). In fact, Prescott, Lee and Kim (2011
demonstrated that the flavour pleasantness of drielk is enhanced when the stimulation is evalliai® a
whole (synthetic approach), rather than when theigi@ants are requested to rate independently the
different components of the beverage flavour, faareple, sourness, sweetness, bitterness, lemooufiav
astringency (analytic approach). In other words, dhalytic approach of liking diminish the use etflibnic

information.
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Temporal & spatial contiguity

Moan sweetness rating

Figure 9— Prescott’s model of olfactory capture (from Pods2015)

In a recent review of the literature, Spence (2di&% underlined the crucial role of the distingtio
between orthonasal and retronasal olfaction, aggtivat the former is relevant to modulate the hédon
aspects and the expectations on food and bevenadele, the latter is more relevant to flavour espnce
(see Fig. 10). The author also postulated thab#dst approach to investigate the interaction betvtaste
and odours is the Bayesian causal inference m(@nardo & Smith, 1997; Ernst, 2006; Shams &

Beierholm, 2010).

Separate Multisensory
component(s) composite signal
Signal Response Signal Response Category
Equivalence
S a ———» D a+b—- D (mteg-nyunchonqed)
edundancy
b Enhancement
O a+b—— |:] (intensity increased)
a+b—— [] & (O Independence
Non- a 0 a+b—— [] Dominance <=
redundancy = O a+b D (orQ) Modulation !
a+b—— 4 Emergence<_|?
a+b—— (& A Confusion <}
Single signal a — ] a [ & (O synaesthesia
Oral Retronasal Taste Flavour
referral olfaction (gustation) O perception A

Figure 10— Spence’s modified model of the different typesnoiitisensory interactions. Red triangle represeathor’'s new
hypothesis on oral referral (from Spence. 2016)
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2.2.7 Olfaction, and the other sensory modalities

Given the uniqueness of the effects highlightedaste/olfaction crossmodal interactions one may
wonder if something similar occurs also with sidigaring, tactile (out of mouth) and hedonic assmis.
In previous researches, the presence of crossnuadedspondence between odours and specific colours
were observed (Engen, 1972; Dematte, Sanabria &c@pe2006; Dematté, Sanabria & Spence, 2009;
Gilbert, Martin, Kemp, 1996; Morrot, Brochet, Dubidieu, 2001; Stevenson & Oaten, 2008; Zellner,
Bartoli, Eckard, 1991). For example, caramel laet@dour was found to be paired with brown colour
(Gilbert et al., 1996). Dematte et al. (2009) inigeged both perceptual than semantic level of gssing
using a speeded odour discrimination task (lemorstrawberry). The participants during the expertne
were required to ignore the concurrent presentatiothree kind of distractors (black and white, m@d
yellow patches; black and white, red or yellow draywf a lemon; black and white, red or yellow diragv
of a strawberry while smelling the odors. With resipthe odour presented the distractor could béraieu
congruent or incongruent (e.g., a yellow strawbesgociated to the strawberry odour). The reshitsved
an effect of the congruent colour on the discriioraof the odour. Herz and von Clef , showed tihat
verbal label assigned to an odour reverse its paraéjudgment by participants of (e.g., a comborabf
isovaleric and butyric acids, I-B acid, is perceias ‘vomit’ or ‘parmesan cheese’ and unpleasardaiant
respectively, as function of the verbal contextpoésentation). Researchers working on the crossmoda
integration between odours and tactile informatiame demonstrated some interesting effects in aetiaty
the associations between odours and the textugbdt swatches (Dematte, Sanabria, Sugarman &d@pen
Fiore, 2006; Laird, 1932; Spector & Maurer, 2002) odours and the texture of abstract clay sctdstu
(Jezler, Gilardi, Gatti, Obrist, 2016). Olfactomgfarmation has also shown to interact with sourids,
particular pitches, musical notes and specific walsinstruments (Belkin, Martin, Kemp, Gilbert, 1799
Crisinel & Spence, 2012a; Crisinel, Jacquier, Der@ySpence, 2013). Regarding musical instruments,
significant associations were observed between musdur and brass musical instrument. Similar
associations were found between candied oranged gtums, iris flower odours and piano (Crisinebhkt
2013). Finally, Belkin et al. (1997) using a methafdlimits showed as a specific series of odoursewe

matched to n series of auditory tones.
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Researchers also demonstrated that shape symbalfsois olfactory perception (Crisinel et al.,
2013; Hanson-Vaux, Crisinel & Spence, 2013; Seal.e2010). In particular, it was found that lermamd
pepper were associated with an angular shape;eocatftrary, raspberry and vanilla were associatéu av
rounded shape (Hanson-Vaux et al., 2013). In Seal.g2010) experimental paradigm in which event-
related potentials (ERPs) were also measured, sdosteact symbols (see Fig. 11) were demonstrated to
match certain odours (phenylethanol PEA, similavitdet odour, or 1-butanol, similar to parmesaeese).
In a second experiment participants were requestadte the pleasantness and the intensity of wioe t
odours (PEA and 1-butanol presented associatetietshapes in three different conditions (no symbol,
congruent and incongruent symbol). The behaviarallts did not revealed any significant differenites
the intensity and pleasantness of the PEA odotedras pleasant by participants), or 1-butan¢égras an
unpleasant odour by participants). However, ERRs demonstrated that the congruency between olfacto
and visual stimuli gave rise to faster neural resps to odours. Moreover the congruence effectteelsimn

changes on peak amplitude and latencies of N1coemtayenerated by the stimuli.

PEA symbol 1-butanol symbol

Figure 11 —Seo’s symbols significantly associated to odoursti@@ left PEA Odour, on the right 1-butanol odfusm Seo et al.,
2010)

As far as the interpretation of these associat@&asconcerned, it was observed by Deroy, Crisinel
and Spence (2013) that associative learning cahexplain crossmodal interaction between odours and
tastes. Nevertheless, associative learning doesesoh to be the best explanation for other kingeoisory
integration (e.g., odours and sound pitches or g&acal shapes). Following on from this line ofseaing,
the authors in their review suggested that asseeidearning might be originated by repeated and

statistically relevant exposures between particidamuli (e.g., odours and colour) also defined as
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‘metaphorical mapping’. The other types of assamiet (e.g. between odours and shapes) according to
Crisinel and Spence might be better explained bwama of the amodal, indirect, and transitive maggpin

hypothesis based on structural perceptual or negical determinants.

2.2.8 Neural correlates of crossmodal integration in tast and smell perception

The main issues about taste and olfactory crossnmmdeespondence, regards the fact of, whether
their neural correlates are similar to those resida for the integration among the other sensaogatities.
As far as auditory-olfactory interactions are caned,in vivo extracellular recordings from the olfactory
tubercle in mice showed that single units of thrsicfure selectively respond to odours, and 19%hes$e
units respond also to auditory tone. Moreover, 28%4he single units tested showed superadditive or
suppressive responses to the contemporaneous fateseiof odours and tones, suggesting, accordinbe
authors, the presence of crossmodal modulationsg@ve & Wilson, 2010). Visuo-olfactory crossmodal
correspondence in the human brain were investigasitg event-related fMRI by Gottfried and Dolan
(2003). The study consisted of an olfactory detectask in which odours alone, pictures alone atwlis
plus pictures pairs were administered in semamficabngruent or incongruent trials (e.g., orange
odour/orange picture, orange odour/bus picture).th@ congruent condition of odour-picture pairs a
perceptual olfactory facilitation for the semanilicaongruent associations was found. This expeniale
condition was associated with an increased actiuitythe anterior hippocampus and rostromedial

orbitofrontal cortex (Gottfried & Dolan, 2003; sEwg. 12).

Flavour, conceptualised as an overall unitary p#rer, was investigated by Small and Prescott
(2005). The authors following a comprehensive meviof psychophysical, neuroimaging and
neurophysiological studies, proposed a neurocagnitnodel of flavour processing based on prior
experience, the particular combination of sensopufs, temporal and spatial concurrence, and aitexit
allocation. Following on from the authors’ clainfet‘flavour network” involves the chemosensory oegi
of the brain: including the anterior insula, frdntgerculum, orbitofrontal cortex and anterior cifage
cortex, as well as other heteromodal regions, dioly the posterior parietal cortex and the venatdral
prefrontal cortex. With respect to the role of otfan in flavour perception, Cerf-Ducastel and Mwp

(2001), in a fMRI study demonstrated that the msal olfactory stimulation with odorants delivetiad
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agueous solution, effectively activate the pirifoamd orbitofrontal cortex, hippocampal region, adajg,
the insular lobe, the cingulate gyrus and the adhain. Instead, no brain areas related to tasteepépn
was found to be activated. Verhangen and Engelg20@posed a model of taste/olfactory interachased
on a meta-analysis of previous literature. In patér, they argued that some common odour/taste

interactions may involve the same neural mechanisumdved in synaesthesia.

A Anterior hippocampus

B Rostromedial OFC

Figure 12— A) fMRI coronal and sagittal sections show actostfor visuo-olfactory integration in anterior pipcampus. B) fMRI

coronal and sagittal sections show activation fsu@-olfactory integration in rostromedial orbimfital cortex (from Gottfried &
Dolan, 2003)

3. Crossmodal correspondances in olfactory memory

3.10Ifactory short and long-term memory

The study of the olfactory system and of memory ddours in particular, has represented and
somehow still represents a challenge to researchepecially due to the particular characteristitshe
stimuli to be used (invisible, highly volatile, eft persistent). The main issue concerning olfaatoeynory
regards its architecture and in particular, whethirenot a clear distinction between long and shenri
memory for odours (similar to that reported in oteensory systems) exists. Within this debate,carst
relevant question regards the possibility thatafey short term memory (OSTM) is comparable to the
multi-component model of visual-verbal memory pregd by Baddely and colleagues (Baddeley & Hitch,

1974; Baddeley, 2010) (see Fig. 13).
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Figure 13— Baddeley’s multicomponent model of visual-ven&mory (from Baddeley, 2010)

Indeed, some authors have described olfactory me@¥) as only consisting of long-term components
(Engen, 1982, 1991; Gabassi and Zanuttini, 1983saiti& Stevenson, 2006; Zucco, 2003). In partigular
Wilson and Stevenson hypothesized the existencanoblfactory-centered unitary model in which the
difference in memory for odours (e.g., in termglofation of the trace) should be due to differeattgrns of
receptor activity that occasionally overlap, rattien to different systems activated by differeztention
intervals (see Fig. 14). Recently, it has been thg®zed that the distinction between short and-term
memory for odours is plausible, although to be eptwaalized within an unitary architectural systesag(
White, 1998, 2009 for detailed reviews on this ¢ppin early research that has attempted to stoeyriost
suitable model of memory for olfactory stimuli foalassic experimental paradigms were used: capacity
differences, differential coding, differential memdosses in neuropsychological patients, seriaitmm

effects.
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Figure 14— The olfactory-centered unitary memory model waittentional activation (from White, 2009)

The studies on olfactory STM (theorized as a tempostorage system with limited capacity), have
shown that a smaller number of odours are remeidtéer than larger quantities of odours (Engenskuai,
& Emas, 1973; Jones, Roberts, & Holman, 1978). €mely, studies on long-term memory for olfactory
stimuli have shown that a large number of odoulstzaremembered for a long period of time (Engeth an
Ross, 1973; Lawless, 1978; Lawless and Cain, 198 .research on the way in which olfactory stinamé
encoded in short and long-term memory would seesuggest the existence of differences betweenabe t

systems, similar to those responsible for the g information from other sensory modalities.

One important question in the study of olfactorynmey regards the code used to represent the
stored information: perceptual or semantic. Onghmindeed suggest that OSTM is based on a pemleptu
code while OLTM on a semantic code. If OSTM is mbased on a perceptual coding system, the siryilarit
between to-be-remembered odours should generafesimm in the recognition of the stimuli (Jonesakt
1978; Jehl, Royet, & Holley, 1994; White, Hornungyrtz, Treisman, & Sheehe, 1998). Performance in
OLTM tasks instead should not be affected by pduzpsimilarity, but only by semantic similarity.
Moreover the fact that certain odours can be easiiyed or labelled should improve OLTM but not OSTM
(Jehl et al., 1997; Schab, DeWijk, & Cain, 1991hwever, White et al. (1998) observed the presefice o
semantic representations in OSTM too, and Annett lagslie (1996) demonstrated that verbal and visual
interferences do not produce performance differemeelfactory memory tasks in which participantsrev

tested after 5 minutes or 7 days.

Familiarity, is also a factor that plays an impatteole in olfactory memory tasks, especially with
shorter temporal delays (2, 20, 40 and 100 s betweding and testing). In fact, it has been denmatext
that familiar odours are better remembered thaaraitifar ones, especially with relatively longer feomal
delays (Schab et al., 1991). The ability to idgntiflours is another characteristic suggested telbgant in
OLTM. Specifically, identifiable and familiar olféary stimuli are found to be better remembered, as

compared to unfamiliar and unidentifiable odourgniian and McDaniel, 1990).

The principal characteristic of the above mentiostdlies is the heterogeneity of the procedures

and timing of the experimental paradigms adoptezhdgally, for STM is intended a very brief time ipdr
32



in which the recognition phase is requested imnteljiafter the presentation of the stimuli, thatwithin a
few seconds. However, the correct timing of odadministration it is a very difficult-to-tackle gsteon,
since olfactory perception is rather slow compdcethe other sensory modalities (vision, hearifig)s fact
by itself might be taken to suggest that OSTM cdddjualitatively different from other types of shi@rm
memory. Another important difference between menforyolfaction and other memory system is the fact
that odours can be referred to the object thatasele the odorant molecule, rather than to the dag¢mi
compound that is directly responsible of the odtaglf. Consequently, the representation of odaulikely
associated to the image of the object from whiclexihales. Therefore, it is likely that certain odnpu
especially those that are easily nameable and itanaittivate multiple representations in the hurbeain:
linguistic, iconic and perceptual (related to cheersory perception). This observation raises tlestopn of
what is actually tested during olfactory experinsergurely olfactory features or the visual and Uilsgjc

characteristics linked to the odours?

Another important question that affect the studylkdctory memory is the difficulty in controlling
all of the strategies of stimuli elaboration (vdrhasual, perceptual) adopted by the participahtsng the
task. A number of techniques can be used to tabideproblem. For example, in order to avoid the af
verbal coding strategies one might use a serigfffidult to be named odours. Yeshurun, Dudai, Sudbel
(2008) performed a series of experiments in whigimeable and hard-to name stimuli were administered
with monorinhal presentation, or to both nostrilee results demonstrated that nameable odoursedter b
remembered than hard to name odours and the ndityeaffect was enhanced in both nostrils preséomat
An experimental design on olfactory short and léerga memory with odours previously rated as nangeabl

and hard to name is presented in this thesis (hapt€r VI)

As far as the neuropsychological evidences of thindtion between brief and long temporal delay
in olfactory memory are concerned, it should beeddhat a double dissociation between short angl tierm
memory task has been reported in brain damageenpsiie.g., patients H.M and K.F; Milner, 1966; [itea
& Warrington, 1970), and in patients affected by Korsakoff syndrome (Mair, Capra, McEntee, & Engen

1980). Though, the largest part of neurologicalgpés showed an overall impairment of both olfagtor
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detection (more related to OSTM) and odor qualigcrimination (more related to OLTM), just as 6@

occurs in Alzheimer patients (Doty, Reys, & Gred®87).

Lastly, serial position in odours memory is the mdr@enon through which a series of smells are
better remembered when presented at the beginpiimgacy effect, associated to STM processes) tneat
end (recency effect, associated to LTM processetlecto-be-remembered sequence. It is perhaps tinem
attempt to study serial position effects in odoeswory that the greater difficulties associated ik study
of olfactory memory emerges (leading often to caditttory results). Reed (2000) in five experimemiere
a two-alternative forced choice (2AFC) task wasdu$eund both recency and primacy effects for therts
(3 seconds) retention of olfactory stimuli. Duritig experiments the participants were presentdd avitst
of items and in the test phase they had to idemtifich of two test odours belonged to the previseises.
The retention interval used during experiments v@sre80s or 60s and, odour lists length could Imepased
of1 -4 -5-6 -7 items. Note however that Méesl Hodder (2005) in seven experiments investijate
recognition memory for sequentially presented odgumeans the same (2AFC) task used by Reed. @ non
of their experiments they were able to demonstaaggimacy or a recency effect. Miles and Hoddeduse
nameable and hard to name odours, articulatoryregpion, as well as, different temporal delays betw
items. The authors did not report olfactory fatigpecognition accuracy simply improved across drial
These two experimental paradigms are thus repi@senbf the global trend of contrasting resulteeting
the extant literature on olfactory memory (AnnettL&rimer, 1995; Miles & Jenkins, 2000; Yeshurun,
Dudai, & Sobel, 2008; White & Treisman, 1997; séso &Gabassi & Zanuttini, 1983; Lawless & Cain,
1975). The possible different results among théistureported is likely related to the role playsdthe
verbal mediation in the coding and representatioolfactory information. This aspect has been diészed
by using nonhuman animal participants, although rdselts reported can not be directly compared with

those collected with human partecipants (Miles &tter, 2005).

Another aspect to be considered here is thatdbelts of the extant literature on olfaction would
seems to suggest a lack of clear and robust ewediemdhe existence in OSTM of a fundamental aspéct
memory in other sensory modalities, namely theitgltib retain the serial order of the stimuli (Batky,

Gathercole, Papagno, 1998; Burgess & Hitch, 198Bat is, is that possible to retain within an olfag
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memory system a certain amount of the items predemith respect to their exact position in theesgrjust

as it occurs for verbal or numerical material (aememory span) and what is the capacity of thisesy?
Recently, a neuroscientific study made use of aupdpan task, previously adopted in animal stughes
rats), in order to study olfactory memory in fiver@esic patients with a damage limited to the hippgzal
region and sixteen healthy volunteers (Levy, Mamigpkins, Gold, Squire, 2003). The experiment ethrt
with the presentation of the first of a seriesairfeen odours, smelled by the participant andessieely
inserted on a cardboard bottle holder, togetheh vaihother odour of the series in a random order.
Subsequently, the task for the participants waddntify which of the two olfactory stimuli preseton the
cardboard was the new one. The experimenter catino add another odour to the list (again randomly
selected) and the task for the participant was ydwa identify which of the three odours was thevne
Following each correct answer a new smell was adaedthe task was repeated. Olfactory span length w
measured as the number of consecutive trials oohagarticipants correctly identified the new odartbeir
first attempt. Neurologically normal reached a spangth of 7.9 + 0.8 and patients of 5.3 + 1.3;

nevertheless, the comparison between the perfomsasfahe two groups did not reach significance.

3.2Neural correlates of olfactory short and long-termmemory

The study of the olfactory system and of memory ddiours, has taken advantage from the latest
neuroscience research techniques, (e.g., fMRI, EEH). By using these techniques researchers hiade t
to identify the population of neurons that are \attd during the different phases of odour peroapti
retention and recollection. In a positron emissiomography (PET) study was demonstrated that odour
sensory stimulation engaged bilateral piriform amtitofrontal regions, while discrimination between
odours involved the hippocampus. The correct ifieation of previously presented odours involvestéad
the left inferior frontal lobe (Kareken, Mosnik, 9 Dzemidzic, Hutchins, 2003). Savic and Berglund
(2000), in a PET study showed that unfamiliar odadiscrimination performance was superior when the
stimuli were presented to the right nostril complate the left nostril presentation. This conditialso
resulted in a higher activation of the right ceeglvemisphere. Interestingly, discrimination perfance for
familiar odours was correlated to activation oftbbemispheres, probable due to an involvement ef th

language areas in the brain.
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Dade, Zatorre and Jones-Gotman (2001) investigtitedinvolvement of temporal lobe structures in
odour learning and memory by means a PET studwiiems who underwent the surgical resection of one
temporal lobe as a result of an intractable epjlepbe results showed that patients performed wiitae
control participants. However, no difference regagdhe side of resection were found. In the satodys
different level of activity in piriform cortex (pmary olfactory cortex) were found depending ondhgoing
process. That is, no increased activity was fowmihd odour encoding, a small bilateral increase feand
during short-term recognition and a larger increafskilateral activity was found in long-term recwipn.
Such evidences would seem suggest that olfactomanerequires information from both left and right
structures to be fully effective.

Howard, Plailly, Grueschow, Haynes, Gottfried (2p@Emonstrated that odour quality coding and
categorization specifically activate spatially distited neurons in the human posterior piriformteeorbut
not in anterior piriform cortex, amygdala or orliitmtal cortex. The temporal sequences of actimatd
olfactory processing were investigated recordingnévelated potentials (ERPs) by Lascano, Hummel,
Lacroix, Landis, Michel (2010). They identified fodistinct processing steps ranging between 2001800
ms from odour presentation. Ipsilateral activationthe mesial and lateral temporal cortex (amygdala
parahippocampal gyrus, superior temporal gyrusil@smmediately followed the stimulation of thestrl
by odours. Subsequently, the corresponding strestan the contralateral side became involved, i@tb
by frontal structures at the end of the activaperiod.

An important relationship exists between olfactiand emotions, since odours can elicit particular
emotional state (Seubert, Rea, Loughead, & Hab@8;20/eber & Heuberger, 2008). In particular, odours
can induce positive (appetitive) or negative (aivejsvalence, to certain features of the environme&hese
effects might be also related to the partial oyebatween brain structures responsible for odoocgssing
and storage and structures responsible for therggme of emotional responses (such as, amygdala,
hippocampus, insula, anterior cingulate cortex aritofrontal cortex; see Soudry, Lemogne, Malimbau
Consoli, Bonfil, 2011 for a review). In an fMRI esqpmental paradigm Herz, Eliassen, Beland and Souza
(2004) showed a greater activation in the amygdath hippocampal regions during the presentaticsetsf
vs. other odours. Instead, during a PET study Rdfeilly, Delon-Martin, Kareken and Segebarth @00

participant’'s evaluated hedonic valence of a seidsundred twenty-six olfactory stimuli previougigted

36



as pleasant or unpleasant. The results showeddiiffeesponses of several brain areas to the iggatit the
olfactory stimuli. In particular, unpleasant odoactivated the piriform-amygdala area and the @& msula
more than pleasant odours. Moreover, unpleasantredativated the left ventral insula in right-harsland
the right ventral insula in left-handers, hencegygasting that emotional smells processing is lare on
the basis of handedness (see Yeshurun and Sol€l,&2@ Gottfried, 2010 for detailed reviews on ¢hes
topics).

The issue regarding whether odours are coded bynsned verbal, sensorial or both kinds of
representations, was investigated through a fumationagnetic resonance imaging (fMRI) paradigm by
Zelano, Montag, Khan and Sobel (2009) using naneeablinnameable olfactory stimuli to be remembered.
The results revealed a double dissociation betwbenmemory of nameable odorants which activated
prefrontal language areas, and unnameable odosdunts activated primary olfactory cortex. Accorditwg
the authors, the main task of the frontal pirifatortex is to maintain representations of the hardame

odour during working memory tasks.

In the following chapters of this doctoral thesis anumber of questions related to crossmodal
correspondence in food and beverage perception anshemory for odours will be addressed. In

particular:

Chapter I

The association between a container's weight angehception of the mineral water presented inside

Chapter Il

The association between a container's weight angdhception of the mineral water presented inside

Chapter IV

The association between the tactile attributescafrdainer and the perception of the mineral watesented

inside

Chapter V

The effects of a small size olfactory device ongbe's taste of food
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Chapter VI

The effects of different experimental paradigmstiactory memory for brief and long time periods

Vi

The differences in olfactory and visuo-verbal meyriarprobable Alzheimer’s disease patients

VI

General discussion
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CHAPTERII

THE ASSOCIATIONBETWEENTHE COLOUROFA
CONTAINERAND THETASTEOFA LIQUID PRESENTED
INSIDE

This research was published in:

Risso, P., Maggioni, E., Olivero, N., and Gallaée, (2015). The effect of coloured cup on people’s
perception, expectation and choice of mineral wieod Quality and Preferencd4, 17-25.
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1. Introduction

The behaviours associated with thirst are guidedabyomplex set of factors that include
physiological states, genetic inheritance and atibm of high and low level neural processes (casig
perceptual and semantic elaboration) (Egan e@03; McKinley & Johnson, 2004; Szinnai, Schachinge
Arnaud, Linder, & Keller, 2005). The interactiontWween these factors certainly contributes to dategm
people’s judgments of food and beverages (see ¢@aaSpence, 2014; Spence, Hobkinson, Gallace, &
Piqueras-Fiszman, 2013; Wan, Woods, Seoul, ButcheBpence, 2015, for recent reviews). Pioneering
work on the effects of modulating a visual qualifyfood, namely the colour, on people’s perceptdn
carbonated water demonstrated that the additiofoad colorants (red, brown and yellow) to sparkling
mineral water, did not compromise the identificatiof the liquid in blindfolded and not blindfolded
individuals (Hyman, 1983). More recent studies hale® investigated whether or not certain aspectiseo
container, rather than of the content itself, ci@cathe participants’ judgments regarding thedrage that
is contained inside it (see Wan et al., 2015). &@mple, it has been shown that an orange plagtican
enhance the flavour of hot chocolate, as comparednditions where the same liquid is served iadaar in
a white cup (Pigueras-Fiszman & Spence, 2012). I&ilyi Guéguen (2003) has demonstrated that
beverages contained in blue and green (cold cilglastic cups were considered most thirst-quernygas
compared to the same beverages contained in regadiodv (warm colours) cups. Importantly, by using
guestionnaire procedures, it has been shown thtgirtecolours are associated with particular béastes
(see also Spence & Wan, 2015d, for a recent intdérased study regarding the effect of the ‘appadpriess
of the container on the overall perception of tlewdvage that is usually served in it). For examfiie,
colours red and orange were shown to be positiasbpciated with sweet, green and the colour yeNittv
sour and white with salt. In contrast, green, brollack and grey were found to be negatively assedi
with sweet and red, blue, brown, purple, blackygiad white negatively linked to sour (Koch & Koch,
2003; O’'Mahony, 1983; see also Tomasik-Krétki &dgtr, 2008, for the effect of cross-cultural factan
the associations between basic tastes and cokegsiVan, Woods, et al., 2014, for a review onttijgc).
Recently, Ngo, Piqueras-Fiszman, and Spence (26@f)loyed an on-line questionnaire to assess the

presence of crossmodal correspondences betweleansticarbonated water, colours (blue, red, greed)
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shapes (rounded or angular). This research shohadptarticipants associated still water with rouhde
shapes and carbonated water with angular shapesi&e Spence & Gallace, 2011, for similar ressis
Wan, Velasco, et al. (2014) for a cross-culturatigton the associations between colour/shape ohtainer
and food). Moreover, both water samples (still aacbonated) were preferably associated with theutol

blue rather than red or green.

Despite of the increasing number of studies on tbgic of multisensory interactions in
food/beverage perception, at the moment it remaimdear whether the associations and the perceptual
effects found in the existent literature betweelowoand flavour are general or specific for certands of
products. For example, does a certain colour alvemysmnce the flavour of different food/liquids (pegps
also on the basis of the intrinsic arousing/calmeftect of such colour on people’s perception; (see
Labrecque & Milne, 2012; Wilson, 1966). As far &stpoint is concerned, it is important to consitler
broad range of flavours and the diversity in teohitensity of taste among different liquids amdd. On
the basis of these peculiarities, one might exmfferent multisensory interactions for every kiod
beverages or food. In support of this view, it dddue considered that the enhancement of tasteméro
of a certain liquid served in a particular coloucmhtainer often depends on some sort of assoeiat
memory based elaborations made by the particip&ats.example, it was demonstrated that a coffee (a
typically dark brown beverage) served from a brgavr(a clay container with a wide opening at thg, that
is usually used for storing food) was judged asrgfer than the same coffee served in red, blueltovwy jar
(Favre & November, 1979; pp. 82-85). By contrastairecent experiment Van Doorn, Wuillemin, and
Spence (2014) demonstrated that a white mug enfiaheeflavour intensity and reduced the perceived

sweetness of the coffee served in it, as comparedftee served in a transparent or a blue mug.

As far as the main causes of these effects aresooed, it is worth noting that a number of studies
have suggested that people’s expectations regaadspgcific product can exert an important inflieean its
overall evaluation (e.g., Levitan, Zampini, Li, §p&ce, 2008). In particular, Levitan and her cgjless
(2008) asked their participants to judge whethpaias of differently coloured candies (Smarties&) the
same flavour or not. The authors demonstrateditiesudgments were affected by the participantsijaus

beliefs (i.e., regarding whether or not such oracgedies taste differently from other coloured das)d
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Miller and Kahn (2005) proposed an interesting arption for the influence of colours on peopleas@ur
perception based on Grice’s (1975) theory of “cemsational implicature”. Specifically, these autho
postulated that an ambiguous use of colours ooflanames (i.e. blue haze, Alpine snow) might It
consumer to search for the reason of the devidtam their expectations. Such search might in tesults
in more cognitive efforts to characterize the pidand even to more favourable responses. Theredor
the basis of these considerations, and on thdHattvater is colourless as compared to other bges; one
might expect completely different (or even nonégiiactions between the colour of the container whiee
liquid is served and its taste, as compared toiestuperformed on other kinds of beverage. Impadstant
previous studies on the topic of multisensory @téons in food evaluation investigated separately
perception, expectations, opinions and choice diggra given product. It is however important tdice,
that all of these three aspects might be diffeyemibdulated by the same experimental manipulafidrms
difference is certainly relevant to the applieddiésee Spence & Gallace, 2011b). In fact, fromaaketing
perspective one might reasonably claim that in of@enaintain old customers it is more profitalwertvest
more resources into the perceptual characteriefi@s product (in order to maintain it constant vere to
improve it). The possible associations betweerptireeption of the product and the colour of thetaioer
might be also relevant here. In fact, if it becormapparent that a certain visual quality of a fooodpict (i.e.,
a colour) is associated with its taste in the nahthe consumers, it might be profitable for thenpany that
produces it to try to brand such visual aspect. (sge the Coke red or T-Mobile pink). By contrdfsg
company’s aim is to extend the sales of their pctglto new customers, it is essential to focaleedfforts

on the expectations of their potential clients.

The aim of the present study is to investigateetffiects of manipulating the colour of a container o
the perception, expectations and choices regardimgturally not coloured liquid, namely water tist
served inside such a container. The participantaluation of the water was measured by means af fou
different scales (along the dimensions of freshnpkessantness, level of carbonation and lightndds}
choice of these scales was justified by the faat pleople do not recognise other aspects regatiéenbasic
taste of water (sweet, sour, salty and bitter)if professionally trained. Therefore the scales wexe used
here are those that people generabgociate to thirst and evaluation of water intakep those emerging

from marketing strategies studies (Dietrich, 200&;chiari & Pravettoni, 2012).
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2. Experiment 1

2.1 Participants

Twenty-seven participants, with a mean age of 2%yedirs (SD = 5.31, 19 female), took part in
Experiment 1; they were graduate and undergradsftdents and received course credits for their
participation in the study. All the participantsvgawritten consent prior to their participation. €rh
Experiments described here were all performed com@ance with the ethical standards laid down & th
2008 Declaration of Helsinki and approved from theal ethical committee. Experiment 1 lasted for
approximately 50—-60 min. This duration comprisesimitial overview of the experimental setup, the
explanation of the instructions, the explanatiod aignature of the ethical forms and a final 10+ii6 of
debriefing regarding the main aims of the experim€&he actual experiment lasted about 30-35 mioplee
who claimed to be affected by any olfactory ordagysfunctions, as well as people suffering frorad cy

flu were excluded from taking part in the experimen

2.2 Stimuli

Three different types of mineral water were uséighly sparkling (Ferrarel® 0.5 | bottle) sparkling and
still mineral water (S. Benedetto? sparkling antll stineral water, 0.5 | bottle) the chemical aniypical
properties of each type of water are representébhbie 1. Each plastic cup used was filled withg26f
water and the bottles used were always kept at@oinoom temperature (19-22 °C). Common plastx cu
produced by the same commercial brat@pla S.p.A) and varying only in terms of their@al (blue, red,
and white, see Fig. 15) were used to serve therwate

Table 1

Chemical and physical properties of the three kinds of mineral water used in
Experiment 1, 2 and 3.

S. Benedetto still S, Benedetto Ferrarelle slightly

mineral sparkling sparkling
Bicarbonate 313.0" 313.0° 1433.0°
Calcium 50.3" 50.3* 392.0°
Sodium 6.0 6.0" 50.0°
Chlorine 22 22" 20.0°
Silica 12.0° 12.0° 86.0°
Magnesium 30.8° 30.8° 22.0°
Nitres 9.0 9.0° 4.0°
Sulphites 3.7° 3.7 4.0°
Chlorides 22" 22" 20.0°
Potassium 09" 0.9° 50.0*
Fluorides <0.1" <0.1° L1
Carbon 8.0° 8.0"(with post 2360.0°

Dioxide addition of CO;)

Oxygen 6.4" 6.4° -

Note: "mg/l.
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Figure 15— The coloured plastic cup used in Experiment An#l, 3

2.3Procedure

The procedure followed a within-participant desidime study was conducted in an experimental
booth fitted with a laptop (screen resolution: 0288 pixels, refresh rate: 60 Hz) positioned oneakd
directly in front of the participants. The partiaiis sat comfortably on a chair, approximately fOawvay
from the laptop screen. In each trial, a plastip dlled with water was placed on the desk by the
experimenter. The participants were instructed#&sgthe cup at a signal of the experimenter awldibd as
much water as they wished. They were also askeatéathe water, immediately after drinking it, ajdiour
dimensions (freshnes$pleasantness, carbonation and lightness), by srefab50mm long visual analogue
scales (VAS), anchored with the terms ‘not at afid ‘very much’ and presented on the PC screen. The
participants used the mouse to select the poirtherscale that best represented their evaluatiach Eype
of water was presented 3 times in each colourestiplaup for a total of 27 (3 waters x 3 colour$ x
repetitions) samples of water to be evaluated. & ldiéerent random combinations of colours and wate
types were counterbalanced every 9 participants.plastic cups were presented one at a time arack b

paperboard box was used to hide all of the cupzrédhey were presented.

Y In Italian the word ‘freschezza’, (freshness) Hiferent meanings; in this case we used the teitim tive meaning of
thirst-quenching/refreshing capacity rather thathefwater temperature itself.
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2.4 Results

The participants’ judgments regarding the watee ($able 2) were submitted to a repeated measures
ANOVA with the colour of plastic cup (white, redluk), type of water (still, slightly carbonated,
carbonated) and scale (freshness, pleasantnes$ ofevarbonation and lightness) as factors. Thayais
revealed a significant effect of water [F(2,52) .25 p = 0.004], a significant interaction betweeale and
colour [F(6,52) = 2.52, p = 0.024] and a significameraction between scale and water [F(6,1562 9@, p

< 0.0001]. A Newman—Keuls post hoc test on theiggmt main effect of water showed that particifzaon
average provided quantitatively lower evaluations.,(evaluations closer to the ‘not at all’ endpaf the
scale) for still mineral water than for carbonateater (p = 0.003) and quantitatively lower evaloas for
slightly carbonated water than for carbonated wgber 0.036). A Newman—Keuls post hoc test on the
interaction between scale and colour, showed thathe scale measuring carbonation perception, w@liner
water was judged to be more carbonated when tasteded (p = 0.002) or blue (p = 0.001) plastip,cas
compared to the same liquid tasted in a white cge Fig. 16A). No differences were found on theeioth
scales. A Newman—Keuls post hoc test on the inierabetween the factors of scale and water redeale
significant differences between still water andbcawated water and between carbonated water aridiglig
carbonated water on the scale of carbonation iitfen&s expected, still water was perceived as less
carbonated than slightly carbonated (p < 0.000#)carbonated water (p < 0.0001). Moreover the post
test also revealed significant differences betwa#hwater, slightly carbonated water and carbedawater

on the scale of lightness, with still water pereeias lighter, as compared to slightly carbongped (.001)
and carbonated (p < 0.001) water (see Fig. 16B)significant differences were found on the remagnin
scales. The main effect of colour [F(2,52) = 0.0 0.50], scale [F(3,78) = 1.06, p = 0.37], and th
interaction between scale, colour and water [F(12),3- 0.95, p = 0.50] did not result to be sigrafit. The
results of Experiment 1 show an effect of the cololuthe plastic cup on the participants’ evaluasiaf
certain characteristics of mineral water. In orderunderstand weather or not such effects areysolel
determined by the participants’ expectations (aeieed by the colour of the plastic cup), rathemntt@any
multisensory interactions occurring at a more paiea or cognitive level, in Experiment 2 we askbd

participants to evaluate the same qualities ofstheer without tasting the liquid.
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Table 2

The participants’ mean judgments (and standardsobthe means) on each of the four scales (feshmpleasantness, carbonation
intensity, and lightness), as a function of thedkirfi water presented and of the colour of the astp where the liquid was served

in Experiment 1

Colour of plastic cup:  Still water Slightly carbonated water Carbonated water
White Red Blue White Red Blue White Red Blue
Scales:
Carbonation 112694046 7982:054 1764+050 1384+059 7257+051 101.76+056 17.85+048 84.07+042 107.83 +0.45
Lightness 88.59+051 85624069 8582+068 6541+052 67.05+045 6581+£057 6003+049 59904055  67.1140.52
Freshness 8232+052 8268:064 8051+058 70.02+068 70.14+0.50 7387+057 76.15+059 73.30+0.56 76.23 £ 0.46
Pleasantness 80.68+0.55 80.30:071 7567+068 6893+069 64912059 68.90+068 71.88+065 69.64+0.66 69.15+0.61
A B
Very much Carbonation Scale Very much Lightness Scale
150 ~ 150 -~ | Kk
ok | [ |
120 4 f \ 120 —_—
*k
0 —— 90 - I
60 A I 60 -
30 - 30 -
O 0 T T 1
' ' Still Water Slightly Carbonated ~ Carbonated Water

Not at all White Glass Red Glass Blue Glass Not at all Water

Figure 16— [A] The mean participants’ judgments of carbooraiintensity as a function of the colour of thestiacup in which the
liquid was served. [B] The mean participants’ judans of lightness perception for still, slightlyricanated, and carbonated water.

Asterisks represent Newman—Keuls significant défferes atp * < .05; ** < .001; *** < .0001

3. Experiment 2

3.1Participants

Twenty-two undergraduate and graduate studenth, avinean age of 24.68 years (SD = 4.45, 11
female), took part in Experiment 2. Just as in Expent 1, all the participants received course itsefdr

their participation in the study. The experimerstda for approximately 40 min.

3.2 Stimuli

The materials used in Experiment 2 were identicahtse used in Experiment 1.
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3.3Procedure

The procedure followed a within-participant expental design. Experiment 2, investigated how
the colour of the plastic cup modulated the pgotints’ expectations, regarding a number of feataféke
water (freshness, pleasantness, level of carbonaia lightness). Exactly the same procedures @seth
used in Experiment 1 were adopted in Experimentifh the following exception: the participants were
asked to evaluate the water only by watching tlast cup and without tasting the liquid. The fowater
characteristics were rated using the same scakd insExperiment 1, on the basis of the particigant

expectations regarding the water rather than cactisal taste.

Table 3

The participants’ mean judgments (and standardswbthe means) each of the four scales (freshpdsasantness, carbonation
intensity, and lightness) as a function of the kifidvater presented and of the colour of the pasip where the liquid was served

in Experiment 2.

Colour of plastic cup:  Still water Slightly carbonated water Carbonated water
White Red Blue White Red Blue White Red Blue

Scales:

Carbonation 50.96 +6.19 5480+ 645 57.80+5.18 95.14+£399 93.20+6.29 75.58 £5.64 95.52 +5.31 96.34£498 74.80+5.74
Lightness 83.05 £+ 7.40 75.08 £6.57 73.66 £ 6.62 82,42 £6.50 70.75 £5.97 74.72+£6.33 77.14 £ 6.06 66.58 £ 4.89 66.83 £ 6.21
Freshness 81.22+6.57 7213593 78.68 +6.92 90.79 £ 6.00 78.96 +547 83.67 £5.32 94.80 +6.52 80.24 £5.38 87.17 £6.36
Pleasantness 7354+592 7385%6.15 70.61+656 80.21:534 7891+516 77.75+558 8503+525 7565%426 78.92:6.30

3.4Results

The participants’ mean ratings (see Table 3) vget@mitted to a repeated measures ANOVA with
the factors of colour of the plastic cup (whited,rblue), type of water (still, slightly carbonateadrbonated)
and scale (freshness, pleasantness, level of catdamd lightness). The results of the analysisaled a
significant main effect of water [F(2,42) = 13.56,< 0.0001], but not of the scale [F(3,63) = 1.84¢
0.269]. The effect of colour approached the sigaiit level [F(2,42) = 2.91, p = 0.065]. The int¢i@c
between scale and colour [F(6,126) = 3.32, p =4],0&cale and water [F(6,126) = 14.21, p < 0.0001d
scale, colour and water [F(12,252) = 2.44, p = B]@0so resulted to be significant. The interacti@tween
colour and water [F(4,84) = 2.02, p = 0.10] did nedult to be significant. The interaction betwaseale,
colour and water was analysed by means of fourraspaNOVAs, one for each scale adopted. This
analysis performed on the scale of freshness redeabignificant main effect of colour [F(2,42) A%, p =

0.010] and of water [F(2,42) = 7.61, p < 0.001]Nawman—Keuls post hoc test on the effect of colour
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revealed that people expected the mineral watdretéresher when presented in a white plastic cup (p
0.007), as compared to the same liquid servedrada&up (see Fig. 17A). A Newman—Keuls correctest po
hoc test on the significant main effect of wateowbd that people expected still mineral water tddss
fresh, than slightly carbonated (p = 0.010) andaaated (p = 0.001) mineral water. The interaction
between colour and water [F(8,84) = 0.56, p = Odifl] not result to be significant. The ANOVA on the
scale measuring pleasantness did not revealedignificant main effect of colour [F(2,42) = 0.42,&p
0.66], water [F(2,42) = 3.14, p = 0.05] and of theteraction [F(4,84) = 1.05, p = 0.38]. The ANOVA
performed on the scale measuring carbonation iityerevealed a significant main effect of colouf2F2)
=4.81, p = 0.013], water [F(2,42) = 26.27, p <00.0] and of their interaction [F(4,84) = 4.21, 9.804]. A
Newman—Keuls corrected post hoc test on the saifi main effect of colour revealed that minerateva
was expected to be more carbonated when contamnadnhite (p = 0.01) or red (p = 0.02) plastic cap,
compared to the same mineral water contained loeadup (see Fig. 17B). A Newman—Keuls correctest po
hoc test on the main effect of the water reveabed $till mineral water was expected to be lesbarzated
than slightly carbonated (p < 0.0001) and carba@hfte< 0.0001) water. A post hoc test (Newman—Keuls
on the interaction between colour and water revketilat participants expected slightly carbonatetenn

be less carbonated when contained in a blue plasficas compared to the same liquid containedwhite
cup (p = 0.0006). The analysis also revealed thatparticipants expected carbonated water to = les
carbonated when contained in a blue plastic cugoagpared to the same liquid contained in a white (
0.005) or red (p = 0.005) cup (see Fig. 17C). ThONA on the scale measuring lightness failed teeatv
any significant effect of colour [F(2,42) = 2.88,/#0.07], water [F(2,42) = 1.66, p = 0.20] and béit
interaction [F(4,84) = 0.29, p = 0.88]. The resudtgygest that the colour of the plastic cup affidtes
participants’ expectations regarding a number @fratteristics of mineral water. Importantly, théeef of

the colour on the participants’ evaluations werd thee same as those reported in Experiment 1. In
Experiment 3, we investigated whether the partiigapreferentially choose a certain drink plastigp
colour to taste different kinds of mineral wateheTmain aim of this study was to understand if the
participants’ choices were consistent with morecgptual (as tested in Experiment 1) or more expegta

driven (as tested in Experiment 2) factors (or witime of the two).
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Figure 17 — [A] The mean participants’ judgments of mineralter on the freshness scale as a function of tlwiicof the plastic
cup in which the liquid was served. [B] The meartipgants’ judgments of mineral water on the sa#learbonation intensity, as a
function of the colour of the plastic cup in whittte liquid was served. [C] The mean participanidgments of carbonated water on
the scale of carbonation intensity, as a functibthe colour of the plastic cup in which the liquichs served. Asterisks represent

Newman—Keuls significant differences atp*< .05; ** < .001

4. Experiment 3

4.1Participants

Thirty-six undergraduate and graduate studentd) witnean age of 22.97 years (SD = 2.96, 25

female) took part in Experiment 3. All the parti@its received course credits for taking part indtuely.
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The participants were recruited using the sameicdsh parameters as in Experiments 1 and 2. The

experiment lasted for approximately 20 min.

4.2 Stimuli

The stimuli used in Experiment 3 were identicaihiose adopted in Experiments 1 and 2.

4.3 Procedure

The experimental procedures consisted in a withitigipant experimental design. In order to test
the participant’s choice regarding the plastic eupere each type of water was contained, the paaints
were instructed to select one of three cups preddmbrizontally aligned in front of them. The plastups
were presented on a desk at a distance of 70 emtfre participant’s body. The task was phraseaki®nf:
“Please image to choose a cup to drink mineralewathich one of the present cups would you like to
use?”. The participants were also informed abbet ttype of water that was supposedly containedhén t
plastic cup (still, slightly carbonated and carlded® The same task was per- formed for the threestof
water (still, slightly carbonated and carbonatddije linear sequence of the coloured cups and tther af
the water type were randomized for each participAntotal of 9 cups (3 colours ? 3 water types) aver
presented to each participant. A black paperboardvias used to hide all of the plastic cups befbey

were presented to the participants, just as in Exgat 1 and 2.

4.4 Results

The percentage of participants who chose to dmimkeral water in a certain coloured plastic cups
were calculated over the total. The results shawati69.44% of the participants chose a white ougrink
natural water, 25.00% chose a blue cup and 5.56%dacup (see Fig. 18A). A chi-square test on the
preference expressed by the participants indicitedpresence of significant differences betweersegho
values (v2 = 64.99, p < 0.001). A comparison betwthe proportion of preferences for a certain plasip
colour demonstrated that the largest part of ppetits chose a white cup to drink still water, asipared to

a red (p < 0.001) or blue cup (p < 0.001). Morepvdr44% of the participants chose a blue cup itakdr
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slightly carbonated water, 41.67% a red cup an89e8.a white cup (see Fig. 18B). A chi-square testhe
preference expressed showed that these valuessiggnéicantly different (v2 = 17.13, p = 0.001). &h
comparison between the proportion of preferencea faastic cup colour to drink slightly carbonateater
showed that the largest part of participants seteet blue or red cup (p = 0.005; p = 0.003, respsyj,
rather than a white cup. Finally, 55.55% of thetipgrants chose a blue cup to drink carbonated nyvate
27.78% a red cup and 16.67% a white cup (see BiG).1A chi-square test on the preference expressed
revealed that these values were significantly obffie (v2 = 24.04, p < 0.001). The contrast betwewn
proportion of preferences for a certain cup coldemonstrated that the participants preferred takdri

carbonated water in a blue cup, as compared tdte (gh< 0.001) or red cup (p = 0.009).
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Figure 18 — Results of Experiment 3. [A] Percentage of pgrtiots who chose to drink still mineral water froroeatain coloured
plastic cup. [B] Percentage of participants whosehto drink slightly carbonated mineral water frarnertain coloured plastic cup.
[C] Percentage of participants who chose to dreabonated mineral water from a certain colouredtaup. (For interpretation of
the references to colour in this figure legend,rdaer is referred to the web version of thisckaYi
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5. General discussion and conclusions

The results of the three experiments reported steoeved that people’s perception, expectations and
choice regarding mineral water are differentiaffgeted by the colour of the plastic cup whereltheid is
contained. In particular, the results of Experimkmtemonstrated that the participants perceivekiadls of
mineral water (still, slightly carbonated, carb@wjtto be more carbonated when the liquid wasdasieng
a red or blue cup, as compared to when it was ddrva white cup. These results are partially cdibfz
with those obtained by Ngo et al. (2012). In fabgse researchers demonstrated that still and Ismark
water were associated to the blue colour, but weteassociated to red or green colour. It is ingurto
note here that in our Experiment 1 participantsiatt tasted the water, whereas in the study by higd
colleagues the test was performed by using intdvased questionnaires. On the basis of this differeone
can reasonably conclude that the effects relatéitetactual perception of the water can be diffelbgrthose
related to memory and expectations regarding andigeid (see also the results of Experiment 2 féother
support of this claim). Another important differenbetween our study and the one reported by Ngo and
colleagues is that in the latter the experimenéxhs were selected on the basis of the coloureptastic
bottles that are generally used to sell minerakewdtor this very reason, different colours wereded in
their experiment as compared to ours (e.g., grestead of white). Finally, one might expect thabocs
have different meanings and/or lead to differentc@gtual effects when attributed to different ptast
packaging, (e.g., a bottle of mineral water, orlastic cup). The results of Experiment 1 suppodsth
obtained by previous research showing the presehcaultisensory interactions in beverage and food
perception, (see Stewart & Goss, 2013; Wan et28ll5) but they also show the presence of intemgstin
differences with the extant literature. In partaoylHyman (1983) demonstrated that the additiofoot
colorants to sparkling mineral water does not campse people’s perception of the liquid. By cortirése
results of the present study showed that the calbtine container can affect the participants’ eatibn of
the characteristics of the mineral water servatl iHowever, it is important to notice that Hymaid dot ask
his participants to rate a certain quality of thatev (e.g., its carbonation intensity), but onlyetiter or not
they could identify correctly the nature of theuiidj tasted among a number of alternatives (conmgisoda,

diet coke and tonic water). Therefore, it remaiassible that a modulation of colour is not suffitieo alter
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the participants’ recognition of water, but it migiiter its perception across a number of dimerss{gnch
as that relative to the perception of carbonati®hat is, the colour red cannot shift people’s pption from

water to soda, but can make them perceive the \amatslightly more carbonated.

A possible explanation of the effect of the colofithe plastic cup on taste perception of mineral
water might be related to a change in participaletel of arousal determined by the colour. In faichas
been reported that colour can affect people’s aloldore specifically, research has shown thatwedld
seem to have a greater capability of increasingsaioas compared to blue (Ali, 1972; Gerard, 1958tti,
Savage, & Torgler, 2012). Importantly, our resudl®wed that both blue and red equally increased the
perception of carbonation intensity (as comparedvhite), thus suggesting that an increase of atousa
elicited by the colour cannot be the sole explamatif the effects found. Moreover, it remains uachehy
an increase of arousal should lead to an alterafi@arbonation perception. One might also hypdteethat
the effects found in our experiment are not relatethe hue of the colour per se, but to other ipatars
involved in colour perception such as, saturatind eontrast. In particular, Van Doorn and his cajlees
showed that a white mug enhances the intensitigeoflavour of a coffee, as compared to a transpanenq;
while, a white mug diminishes people’'s perceptidrihe coffee sweetness, as compared to the blue or
transparent mug (Van Doorn et al., 2014). The astbbthis study hypothesized that such effectshintig
attributed to the colour contrast between the eofind the mug. Importantly, however, a study bynBru
Martani, Corsini, and Oleari (2013) showed thatipgrants eat and drink significantly less food dindids
when contained in red plastic plates and red laedefilastic cups than when contained in white oe blu
plastic plates and blue labelled plastic cups Brenal. (2013). Crucially, Bruno and his colleaga¢so
considered the possible effects of contrast andniante of plateware and cups on food intake, bleddo
find any effect of these parameters. They suggesiadtheir results could be due to a sort of aaood
behaviours implicitly associated to the colour rad, unconscious reference of danger and prohibition
(Elliot, Maier, Binser, & Pekrun, 2009; Genschovweu®er, & Wanke, 2012). This interpretation does no
seem to be easily extended to the results of audystThe results of Experiment 1 also showed that t
participants perceived still water as lighter, tiséightly carbonated and carbonated water. Thetfeattstill
water was evaluated as lighter than other kindsaiér although not related to the effect of theunlis an

interesting and, to our knowledge, novel resulte @right argue that the different evaluations of liheid
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on the scale of weight might be related to the ggation of water weight in the participant’'s moutinat is,
the burst of CO2 bubbles might elicit an activatairmechanoreceptors and nociceptors on the totigie
are interpreted by the participant’s brain as datian of weight. Interestingly, the mouthfeel satisns
elicited by CO2 (defined by participants as tingliprickling, painful, burning and irritant; Carsteet al.,
2002; Dessirier, Simons, Carstens, O’'Mahony, & @as 2000; Dessirier, Simons, O’'Mahony, & Carstens
2001; Green, 1992; Hewson, Hollowood, Chandra, Hbigman, 2009; Simons, Dessirier, Carstens,
O’Mahony, & Carstens, 1999; Yau & McDaniel, 19919ud seem to be generated by the activation of the
trigeminal, facial and glossopharyngeal nerves.islt worth noting here that the trigeminal and
glossopharyngeal nerves also innervate the sorsatisory receptors, giving rise to superficial seosa
(touch, pressure, and temperature) and allowinglp&oestimation of the weight of the bolus in nmout
(Miyaoka, Ashida, & Miyaoka, 2008). Whether or tio¢ activation of such receptors due to the COZbean
also related to water weight perception is ceryamltopic that psychophysiological studies will dee
address in the future. Another explanation fordifiierent evaluations of water lightness as a fiomcof the
CO2 diluted in it, might be linked to the cross-rabdssociations between liquids and the percepfon
some sensory attributes of the stimuli. As far lds point is concerned, research has demonstrasdd t
participants associate carbonated mineral with langasual shapes and with particular high-pitctmech-
words, such as ‘Takete’. By contrast, still minenater is generally associated with rounded shapes
low- pitched non-words (such as ‘Maluma’) (Ngo &t 8012; Spence & Gallace, 2011a). Such kind of
multisensory or synaesthetic associations (seea@glBoschin, & Spence, 2011; Gallace & Spence;)200
might also be present between water and a typisaliyaesthetic aspect of the stimuli, such as weidig
main results of Experiment 2 showed that the exbiects of the participants regarding certain
characteristics of mineral water can be modulatethb colour of the plastic cup in which the begerds
served. In particular, the participants expectaghsl carbonated mineral water to be less cartahathen
contained in a blue plastic cup than in a whitestadacup. Participants also expected carbonatedrtatbe

less carbonated when contained in a blue plasgicttan in a white or red plastic cup.

It is important to notice here, that the effeasrfd in Experiment 2 differ, at least in part, from
those reported in Experiment 1. In particular, kp&iment 1 the participants tasted the liquid eeted

mineral water as more carbonated when containedrgd or blue plastic cup than in a white plastip,c
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while in Experiment 2 people evaluated carbonatatémwas more carbonated when contained in a white o
red cup than in a blue cup. This difference is inga for two reasons. First, it shows that papaaits in
Experiment 1 did not base their evaluations onlytlua visual aspects of the water (that were tested
Experiment 2). That is, people’s expectations reigara beverage are not the sole component to thie
perception of it. Secondly, these data clearly slioat different evaluations can be obtained by ragki

people to taste a liquid or to evaluate it onlyttoe basis of their expectations.

The effects found in Experiment 2 might be relatedhe memory of previous experiences with
liquids and container or on some sort of higheeo@ksociations in the participants’ minds. Thapeople
might have learned to associate a particular cotouhighly carbonated mineral water by their shop
experience in supermarkets or through the medidadt brands such as ‘Rocchetta’ advertise tHgiio*
Blu” water with blue bottles for slightly carbondtend bright red bottles for highly carbonated mahe
water. Similarly, the market leader ‘San Pellegrisparkling water has used a red star on its |abele
1908. Another interesting result of Experiment darels the scale of freshness. As far as this guislit
concerned, we found that the participants expeoteeral water to be fresher when contained in aewhi
plastic cup, as compared to the same liquid seirvedred cup. Here, it is worth mentioning thattadian
the word “freshness” in beverage taste perceptiomore often used to rate the thirst quenchingreaf a
drink more than its temperature. However, participavere not forced to adopt this interpretatiorthef

term and the possibility of an alternative intetptien cannot be fully excluded.

Interestingly, the effect on freshness was not domnExperiment 1 where the participants tasted the
water. This result might be based on people’s higihger associations between the colour white drared
the experience of fresh or heat respectively. ¢, fa nature white is the colour of snow and ighile red is
the colour of fire, volcanic lava, and hot subsemcSimilarly, red is also the colour of some syl
generally defined ‘hot’ food such as chill-pepp@he results of Experiment 3 showed that people
preferentially chose a specific plastic cup coltardrink each different kind of mineral water (stilr
carbonated). In particular, participants choseguegftially a white cup to drink still water andlador a red
cup to drink slightly carbonated water. They alsefgrred to drink carbonated water in a blue cupera

than in a white or red cup. Here one might arga¢ people have chosen the plastic cup on the bakeio
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personal preference for a colour over the otheengldn, Olkkonen, Walter, & Gegenfurtner, 2006; H&Im
Tucker, 1962; Hurlbert & Ling, 2007; Moscovici, L&ag& Naffrechoux, 1969; (")zgen & Davies, 2002).
However, if this was the case, the choice woultehzeen the same for every kind of mineral watestelad,
participants chose a specific cup colour as a fonatf the level of carbonation that was expectadthat
kind of water (as communicated by the experimeniérjs clearly suggests that the choice of thetiglasip

is not merely based on perceptual preferences iffareht colours, but most likely, on the associa

(being them perceptual or cognitive) between aagerdolour and a certain kind of water.

One important matter to be considered here, is lvendhe participant’s choice regarding the cup
colour (Experiment 3) are consistent with people&ception, as tested in Experiment 1, and/or with
people’s expectations regarding the liquid, asetesh Experiment 2. A greater number of participant
Experiment 3 chose a red or blue plastic cup te teerbonated mineral water. Interestingly, in Expent 2
the participants expected the water to be moreocated when contained in a white or red plastic tbap
in a blue plastic cup. By contrast, in Experimerthé& participants perceived the water as more cated
when contained in a red or blue cup than in a white On the basis of these results, one might thig the
choice of a blue plastic cup for tasting carbonateder found in Experiment 3 was related more to
perceptual, rather than expectation-based facldrat is, participants perceived the water in theslfand
red) cup as more carbonated than in white plaspc(Experiment 1) and they also chose to drink @aaked
water when it was served in a blue rather than imhée cup (Experiment 3). By contrast, even ifythe
expected the carbonated water to be more carbonakexh served in a white (or red) plastic cup
(Experiment 2), they still chose to drink the waiera blue cup rather than in a white or a red cup

(Experiment 3).

The topic related to the main factors responsibteie participant’s choice of coloured glassptasti
cup is certainly relevant for the development ofrketing strategies. That is, if the marketing siggt is
related to gaining new consumers the results oeExm@nt 2 should be considered and a white bdtthells
be used for selling carbonated water. If the mangestrategy is related to maintaining an old comsy a
blue or red bottle should perhaps be used insteadrder to improve the customer’s perception & th

water).
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However, before drawing any conclusions on the sha$ithe factors involved in affecting the
participants’ choice of container colour and onirthEossible application to the marketing field, i¢t
important to note that in our experiments we did assess the participants’ individual preferencesaf
certain kind of water over the others. Neverthelesge might reasonably think that also this vasatsuld
have affected the results of Experiment 3 (and lesser extent those of Experiment 1 and 2). Thaf a
person does not like carbonated water he/she wibably chose the glass where carbonation is perdgei
or is expected to be, less intense. The oppositdikely occur for a person who likes carbonateater. The

factor related to individual preferences shouldaiely be considered in future studies on thisdopi

A final aspect to be considered here, is that ¢iselts of the present experiments were obtaindd wit
a relatively small number of participants (a tahB5 in the three experiments), who tasted a smatiber
of water samples (3 repetitions for each conditiétidhough a larger number of tasting sessions cabe
achieved when water intake is required to humatigyaaints (due to their physiological limitatiors drink
larger amount of water in a relatively short perimidtime), the possibility to recur to larger aneks
homogenous (in terms of age and cultural backgrpgnoups of participants, should be considerechen t
future. In fact, one might expect that differerdukts can be obtained in populations that diffenfrthe one

tested in the present study.

In conclusion, the results of the present studywshitat perception and expectations regarding
mineral water can be differently affected by thdouoo of the plastic cup where the liquid is served.
Moreover, the results also showed that the paditip preferentially chose to drink certain kindsaatter
when served in plastic cups having a specific aoléwrther investigations should be directed on how
perceptual and cognitive factors regarding a coetanteract with the participants’ preferences kvel of
expertise (see the Associazione lItaliana DegustAtmue Minerali — ADAM www.degustatoriacque.com
for an example of professionally trained waterdest in affecting their perception and choice ohenal

water.
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CHAPTERIII

THE ASSOCIATIONBETWEENA CONTAINER'SWEIGHT
AND THE PERCEPTIONOF THE MINERAL WATER
PRESENTEDNSIDE

This research was published in:
Maggioni, E., Risso, P., Olivero, N., & Gallace, £015). The effect of a container's weight on the

perception of mineral watetournal of Sensory Studi€3), 395-403.
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1. Introduction

The need for nourishment and fluids is basic toryevwing organism’s survival. Importantly,
however, eating and drinking behaviors are detexthiby a complex combination of physiological,
perceptual, cultural, and social variablas.far as sensory and perceptual aspects are cau;ét has been
shown that the evaluation of external stimuli, videetthey are related to food and drink, is deteewchiby
multisensory interactions occurring within a personeurocognitive system. Different sensorial aspec
have been shown to determine the final perceptibra @iven food or drink (Sgresen et al. 2003).
Importantly, not only do sensorial aspects of &gifood or drink contribute to its perception, liltas been
suggested that all stimuli that are involved in #a¢ing and drinking experience affect our finahleation
and behavior (Edwards et al.2003; King et al. 2@¥&ter et al. 2013). In particular, an increasmgber of
studies in the last few years have shown that pé&opdste perception can be affected by certaituffes of
the container in which food or beverage is servetia experienced. For example, it was demonstitesd
the color and the shape of a plate can modify theemess, flavor intensity, quality, and enjoyment
perception of a dessert (Stewart and Goss 2013)aiticular, Stewart and Goss (2013) showed tleit th
participants perceived a piece of cheesecake swieter, higher in flavor intensity, superior irality and
more pleasant when eaten on plates with certawced®n between their shape and color (i.e., widitend
or square plates and black round or square pledes)larly, Piqueras-Fiszman et al. (2012) showet the
color of a plate (black or white) can affect pe&pleerception of mousse when served in a certah dr
container. Note, however, that these studies faitedind a direct effect of the plate’s shape omeirth
participants’ perception. In beverage perceptiorhais also been shown that the taste of a liquid b=
altered by modifying the characteristics of itstadmer (e.g., Piqueras-Fiszman and Spence 201#®@lso
Standage 2007). For example, it has been showithiaaame batch of hot chocolate was perceivedoas m
flavorful when served in an orange plastic cup carag to a white or a red cup (Piqueras-Fiszman and
Spence 2012a). Other experiments have instead tigat=sl the presence of multisensory mental
associations between colors, shapes, and beverBlgese studies have shown that people tend toiassoc
still and carbonated water with the color blue eatthan red or green (Ngo et al. 2012). Interebting

participants associate still water with round sisaped carbonated water with angular shapes (Spertte
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Gallace 2011; Ngo et al. 2012). In a recent stiRigso et al.(2015) demonstrated that changing aler of

a plastic cup is sufficient to change the percepid the mineral water in which it is served. More
specifically, the authors reported that their gastints rated mineral water as more carbonated when
contained in a red or blue cup instead of a whife &isso and her colleagues also reported thagftbet of

the container’s color not only affected the papideits’ perception of the liquid but also their extpdions

and final choice. Many other studies have docuntktite effects of crossmodal interactions between th
characteristics of a liquid and certain featurethef container on people’s perception and expecist{see
Spence and Wan 2015 for a recent review; Wan €04l5). See also Gatti et al. (2014) for a studyhen

effect of the color and weight of a soap bottlelmnfragrance of its contents).

A large majority of studies on the interactionvbe¢n the perception of a beverage and the beverage
container focused on the visual aspects of theagwent (e.g., Cliff 2001; Raudenbush et al. 2002) f&,
very little attention has been dedicated to otledevant characteristics of the container such sa$aittile
gualities (e.g., Krishna and Morrin 2008). Howevitrjs important to note here that touch has been
suggested to be a very powerful sensory modaldt¢hn affect people’s behavior, emotions and |peiae
(see Gallace and Spence 2014). Recent studiesbleaum to address the role of tactile sensory sigmal
food evaluation. In a study by Piqueras-Fiszman Spdnce (2012c), it was demonstrated that a heavier
container enhances a participant’'s perception @fdgmsity of yogurt (i.e., a semi-solid food) adlas the
expected satiety and feeling of fullness even leetbe food is tasted. Similarly, Piqueras-Fiszmad a
Spence (2011) reported that yogurt eaten in theiésteof three identical bowls was rated as thetrdesse,
pleasant, and expensive. The same research grdgpef&s-Fiszman et al. 2011) also showed that
participants judged yogurt as more pleasant ankehign quality when eaten with a stain-less stpebsa
rather than a plastic spoon. It is, however, imgarto note here that the food used in these expets was

limited to yogurt, a gel-like substance that cartv®ftully classified as a solid food or beverage.

The only study that discussed beverage perceptaanconducted by Piqueras-Fiszman and Spence
(2012d) who investigated the effects of increasirggweight of a bottle on people’s expectationarding
certain characteristics of wine. These authors dotlwat potential customers expected the wine tanbee

expensive and better quality when contained in ileedoottles instead of lighter bottles. Note, hoagthat
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the participants in that study did not taste anpemdr even interact with its container but insteady
evaluated the product using an online questionndinat is, Piqueras-Fiszman and her colleaguesdaske
their internet-recruited participants to rate thegreement with a series of statements about threlation
between the weight of a bottle and the quality ande of the wine using a 9-point Likert scale. ¥he
correlated the participants’ responses with theglatedf the bottles in which the wines are commauid.
Therefore, it remains unclear if beverage perceptian be affected by the tactile/haptic aspectthef
container and whether various liquids are similafficted by the same tactile manipulation of thetainer

in which they are served.

Understanding the way in which different aspedta container may affect people’s perception of
beverage is very relevant, not only from a theoapoint of view but also from the perspectivepodctical
application. In particular, marketing strategieswdocertainly benefit from understanding the peticepof
package or container attributes that can drive lgéoperception and choice of certain beverages.
Furthermore, understanding one or more aspectsoatainer that facilitates the perception of water
more appealing may help improve the drinking exgrae for people who are at risk of dehydrationhwit
possible positive consequences for their wateket# one considers that dehydration has been show
affect people’s performance in a number of cogaitmd psychomotor tasks (see Suhr et al. 2004; Bdmo
and Burford 2009), the usefulness of modulatingewgerception becomes even clearer. For exame, th
elderly, who suffer from an insensibility to thifgtypodipsia: Silver 1990; McKinley et al. 2007hildren
who live in countries with frequent high temperati(Bar-David et al. 2005), and children and adelets
who participate in sports (D’Anci et al. 2009) mal benefit from a container design that optimizies

perception of water’s beneficial attributes.

The present study aims to investigate the consegseof the manipulation of a container’s weight
on the perception of certain characteristics oflitpeid being contained. Based on the fact thathoand
proprioception appear to have a profound effecpeaple’s perceptions and behavior (see, for example
Jostmann et al. 2009, for a study that showed @aphysical weight of a curriculum vitae can affet

evaluation of the job applicant) and that our petiom of the external world is often, if not always
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multisensory in nature (Spence and Driver 2004¢, might expect that the characteristics of a beeecan

be affected by a change in weight.

2. Participants

Thirty-three participants, with a mean age of 23yéars (SD53.19, 21 female), took part in this
study. The participants pants were graduate andrgrabluate students. They received course credihéar
participation in the study, and all gave writtemsent prior to their participation. The experimdascribed
here was performed in accordance with the ethteaidards described in the 2008 Declaration of Hilsi
and was approved by the local ethics committee. &kgeriment lasted approximately 30—40 minutes.
People who claimed to be affected by any olfactorytaste dysfunction as well as those affected by
temporary conditions known to alter the sense siietand olfaction (i.e., cold or flu) were excludeam

taking part in the experiment.

3. Stimuli

Two types of mineral water were used: carbonatedi still mineral water (S. Benedetto0.5-L
bottle, see Fig. 19A). The chemical and physicapprties of each type of water are reported in @mndp
(Table 1). Each cup used was filled with 20 mL cfter and the bottles used were kept at a stabla roo
temperature (19-22C). Standard white plastic cppsjuced by a commercial brantDQOpla S.p.A) and
varying only in terms of their weight (see Fig. J9Bere used to serve the water. The cups’ weigig w
manipulated by creating a false bottom to the clipsee experimental conditions were adopted: 1{@hg,
no weight was added to the cup), medium (11 g),leealy (30 g). The quantity of the water used vas t
same (20 g) in all three experimental conditiortse @ifferent weights of the cups were chosen adcgrit
pretests performed in our laboratory and basedherektant literature on human weight perceptionséRo
and Murray 1996; Kawai 2002). All cups used in theee experimental conditions were visually ideadtic

varying only in terms of their weight.
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(e

Freshness
Notatall ____________ Verymuch

J

Figure 19— (A) Two types of water bottles used in experiméB) the three identical plastic cups, varying omiyterms of their
weight, used in the present experiment. (C) experiaieset-up: a cup of water to be evaluated; thiégi@ants used the mouse to
select the desired point on the scale the vas mie@n the pc screen; and in the background, ik Ipaperboard box used to hide

the cups before they were presented

4. Procedure

The procedure followed a within-participant expegirtal design. The study was conducted in an
experimental booth equipped with a laptop (witresotution of 1024 x 768 pixels and a refresh rété0o
Hz) positioned on a desk directly in front of tharitipants. The participants sat comfortably oohair
approximately 70 cm away from the laptop screentd&a the effect of the container's weight on water
perception, a cup filled with water was presentgdhe experimenter on the desk. The participantewe
instructed to grasp the cup at the experimentégisat and drink as much water as they wished. Thexe
also informed that, after tasting the water, theyeato rate the liquid according to four attribuieeshnes’s
pleasantness, level of carbonation and lightnesg)gua 150 mm long visual analogue scale (VAS),
anchored with the terms “not at all’ and “very mticihhe evaluation scales adopted in the present
experiment have been used in previous studiesREs® et al. 2015) and were chosen on based diadhe
that people are not typically able to identify thesic taste of water (i.e., sweet, sour, salty, latidr; see
Wells 2005) if not professionally trained (Hyman8B9 de Araujo et al. 2003; Simon et al. 2006; Ghiin
Cuspinera et al.2006). As far as the lightnessssatonsidered, we did not provide a specificrprgtation
to be used for the term. However, in the Italiamenal water market, this term is commonly assodiatih
the digestive properties of the liquid and its lmineral and impurity content. The VAS was displagéthe

center of the PC screen, and the participants theedhouse to select the desired point on the sEaleh
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type of water was presented 3 times in each maatigailcup for a total of 18 (2 types of water x fiedént

cup weights x 3 samples) samples of water to béuatexd by each participant. Three different random
combinations of weight and water types were colbalanced for every 11 participants. The cups were
presented one at a time and a black paperboardvhexused to hide the cups before they were prasente

(see Fig. 19C).

5. Results

The mean participant VAS-based evaluations webgested to repeated-measures ANOVA in terms
of the weight of the plastic cup (light, mediumdameavy), type of water (still and carbonated) acdle
(freshness, pleasantness, level of carbonationligimmess). The analysis revealed a significaninne#fect
of scale [F(3, 96) = 10.4%,< 0.0001] and a significant main effect of waté¢l], 32) = 31.62p < 0.0001].
The analysis also revealed a significant interachetween scale and weight [F(6, 192) = 3j©%, 0.007],
scale and water [F(3, 96) = 71.48< 0.001] and a trend toward significance in theraction between
weight and water [F(2, 64) = 2.58,= 0.08]. The main effect of weight [F(2, 64) =8,p = 0.26] and

the interaction between scale, weight and wated, [F92) = 1.46p = 0.19] did not show any significance.

A Newman—Keuls post hoc test on the interactionveeh weight and water on the pleasantness scale
showed that people perceived mineral water in tbavier cup as less pleasapt< 0.05) compared to
mineral water in the lighter cup (see Fig. 20B). @e contrary, the same post hoc analysis on the
carbonation intensity scale revealed that partitipgerceived mineral water served in the heavier as
more carbonated(= 0.05) compared to mineral water served in thletér cup (see Fig. 20A). That is, the
use of heavier cups resulted in the participargsnteng a decrease in water pleasantness and seasein

carbonation perception.

A Newman—Keuls post hoc test on the significantmmeiifect of scale showed that participants on
average gave quantitatively lower scores (i.e.resxc@loser to the “not at all” end of the scale)tha

carbonation scale than on the freshnpss @.05), pleasantness £ 0.05) and lightnes® & 0.05) scales.

A Newman—Keuls post hoc test on the significantmmefifect of water revealed that participants on

average gave quantitatively lower scores (i.e.rexcaloser to the “not at all” end of the scale) dall
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mineral water than for carbonated watpr= 0.05). A post hoc test (Newman—Keuls) on theranttion
between scale and water showed on the carbonatiensity scale that people perceived still wateleas
carbonated = 0.05) than the carbonated water. The resultdhfercarbonation intensity scale, in which
carbonated mineral water was rated as more camxnedmpared to still water, demonstrated that
participants were able to discriminate betweenttiwtypes of liquid in the experiment. This anadyaiso

revealed that people perceived still water as éigft < 0.001) than carbonated water (see Fig. 20C).

Very much Carbonation Scale Very much Pleasantness Scale
150 -~ 150 -
* \ *
A f \
[ 1
100 - 100 -
50 - 50 -
0 T T 0
Notatall Light Medium  Heavy Not at all Light Medium  Heavy
Very much Lightness Scale
150 -
—_—
100 -
T
50 A
0 T 1
Still water Carbonated water
Not at all

Figure 20— (A) The mean participants’ judgments of carbanatntensity as function of the weight of the pilasup in which the
liquid was served. asterisks represent the newnans-lsignificant differences at p<0.05. (B) The mearticipants’ judgments of
pleasantness perception for still and carbonatedrvea function of the weight of the plastic cupvimich the liquid was served.
asterisks represent the newman—keuls significdferdnces at p<0.05. (C) The mean participants’watan of lightness perception
of still and carbonated water as function of thégieof the plastic cup in which the liquid waswasa. asterisks represent the

newman-Kkeuls significant differencegpat 0.01
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6. General discussion and conclusion

The results obtained in the present study cleagimahstrate that the weight of the plastic cup
affected the participants’ taste perception of mahe/ater. Importantly, the effect of the weightfelied as a
function of the characteristics of the liquid to éealuated. Interestingly, participants perceiveidenal
water as less pleasant when contained in the hreawps. However, participants judged mineral wéidoe
more carbonated when contained in the heavier dil. is, an increase of cup weight resulted inteelr
levels of pleasantness and higher levels of catimmarlhe first result does not appear to be fatinsistent
with the previous literature on the effects of aupight on people’s taste perception. In fact, Pigse
Fiszman and Spence (2012d) reported that theiricjemts judged wine in heavier bottles as more
expensive and superior in quality to wine in lighb®ttles. It is, however, important to note hehatt
participants in that study did not taste the wing, were the bottles manipulated; this makes anypewison
of their results with those obtained in our studfiailt. In a separate study, Piqueras-Fiszmaalef2011)
also reported that participants rated the same ry@gumore pleasant, more expensive, and thickenwh
served in a heavier dish than when served in adigtish. However, the particular type of food ubgd
Piqueras-Fiszman et al. (2011, 2012c), again, pteskfficulties when comparing their results witfose in
the present research. Moreover, it is relevantéation here that while lightness is a quality sduajter in
mineral water, the same quality is probably notsidered equally important for yogurt or wine. Thgta

yogurt or wine that is “too light” may be perceivasl somehow “diluted” and thus of lower quality.

Our study improves upon previous research by hgplilig that tactile/proprioceptive qualities may
play a role in affecting a participant’'s evaluatioha liquid in addition to the visual charactadstof the
container, such as its color (see Risso et al. R0t5s also important to note that while the \dbu
characteristics of the container have been showmaffect only the participants’ evaluation of water
carbonation (Risso et al. 2015), the tactile/prageptive manipulations used in the present studg al
affected the perception of the overall pleasantoédbe liquid. This result certainly strengthehs tlaim
that somatosensory information plays an importatg m hedonic evaluations (Gallace and Spence £011

2014; Etzi, Spence & Gallace, 2014).
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The reduced pleasantness perception of water inedtén the heavier cup might be linked to the
role of higher order cognitive associations affegtperception. For example, it has been shown ttieat
perceived pleasantness of interpersonal tactiléacbmand the neural activation that results depemdthe
perception of the person who delivered the touake(and Guerrero 2001; Gazzola et al. 2012; see also
Gallace and Spence 2010 for a review). Interestjirtzased on a number of studies on the role ofhtdnic
product evaluations, it has been suggested thaalikract concept of “importance” (i.e., compristhg
expected price and quality of a product/servicdased on the bodily experience of weight (Jostnetral.
2009). The results of a recent study publisheccierige appear to support this claim (Ackerman.e2@il0).

In fact, Ackerman et al. (2010) reported that a pgiplicant is evaluated more highly when his/her
curriculum vitae is presented in a heavy, rathanth light, cover (even if the CV itself remainetthanged;
Ackerman, Nocera, & Bargh, 2010). Not surprisinghg results of the present experiment clearly stiat
the role of weight in product evaluation is not ay@ unidirectional (e.g., more weight results inreno

positive evaluations), but strictly depends ongpecific product and qualities to be rated.

It is worth mentioning here that at an associdemantic level, the idea of the water is ofted tie
the concept of lightness rather than the idea alweThat is, who prefers to drink “heavy” w&tin fact,
water is probably the quickest stimulus that flawshe stomach (as compared to solid food and wario
other liquids) with its extremely low level of vissity (see Gupta 2014). Currently, the natural @ation
between water and lightness is likely to be moiafoeced by the number of mineral water marketing
campaigns. For example, in Italy, the marketersheftop selling mineral water “Levissima” by thenSa
Pellegrino group have focused their marketing cagmpan the light- ness of this product. Interedynghe
name of the product “Levissima” is formed by th@elative of the Latin word “levis,” or “lightnessh

English.

The result obtained for the evaluation of carbimmaintensity showing that participants perceived
the mineral water served in the heavier cup as margonated may be linked to the sensations imibgth
caused by carbonated water at a more sensory Bpetifically, the sensation of bubbles from cadied

water in the mouth likely elicits complex neurafcdit activity that involves oral thermal receptors

“Note that in chemistry, “heavy water” refers topeaific form of water that contains a larger thanmal amount of
the hydrogen isotope deuterium. This water is digthéghly toxic for humans and animals.
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mechanoceptors, and nociceptors (the trigeminaleneBreen 1992; Dessirier et al.2000; Hewson et al.
2009). Moreover, it has been demonstrated thaoation perception involves the afferent nervobers
linked to weight perception in the mouth (Miyaokaak 2008). Therefore, one might speculate that th
pressure caused by bubbles bursting in a particgparouth is interpreted by the brain as increasetht

on the tongue. In this case, the information reiggrdhe weight of the cup may directly interacttwihe
processing of weight in the participant’s somatssey cortex. If so, such an explanation may alsadeful

for clarify the results found in the interactiontween scale and water, where we found that thecpmhts
judged still water as lighter than carbonated wétee also Risso et al.2015, for a similar finding)ese
speculations certainly require further and moreusate investigations. One may also wonder whether t
perceived carbonation and overall pleasantnesseofviater are related, in which a change in oneabbei
may determine the change in the other. Unfortupaksiwever, in the present experiment, we did otect

any data that allow us to determine a causal rotee variable over the other. To answer this qoesbne
would probably need to know the participants’ prefiees for certain qualities in water. That isnight be
expected that if the participants generally tengbriefer carbonated water to still water, an inceeiasthe
perceived level of carbonation may also affect pleeceived pleasantness. Therefore, the participants
preferences regarding certain qualities of watgretye.g., perceived carbonation) represents another

important factor that should be considered wheruaoting further research on this topic.

One might argue that the results obtained in thesgnt study resulted from the focus of the
participant’s attention only on the weight diffeces of the containers rather than on the charatiteriof
the liquid that they were evaluating. However, hie debriefing session that followed our experimém,
results showed that the large majority of the pagrdints (approximately 90%) declared that they were
aware of the weight manipulation. Therefore, itmikely that their evaluations were explicitly efted by

the effect of weight on people’s attention.

In one of the few studies which have investigatiee tactile/haptic aspects of a container on
beverage perception, Krishna and Morrin (2008) sftbthat the firmness of a plastic cup can affeopfes
perception of the quality of the mineral water gelin the cup. That is, these authors reportedttleafirmer

the cup is, the higher the participants’ evaluaioh water quality will be. Interestingly, this tdswas
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found when participants with a low autotelic need touch (a non-focused pleasure to touch; Peck and
Childers 2003) were tested. Although, weight amohfiess are different haptic characteristics, reteas
have shown an important relationship between tle ®ading to a “material-weight illusion” (Wolfe828;
Flanagan and Wing 1997; Ellis and Lederman 1999pther words, objects with identical mass that are
made with different surface materials are judgetasng different weights. For this very reasone aould
argue that the effects found in our experimentralated to the perceived firmness of the contaiadrer
than the manipulation of weight, per se. Neverglé is important to highlight that in the presstudy,
unlike Krishna and Morrin’s study, the manipulatiofithe weight did not result in a change of thienfiess
of the cup, given that all containers that weredusieared the same texture. Moreover, the largerityajf

participants failed to notice any change in theewabntainers.

In conclusion, the results of the present expentrokearly demonstrate that mineral water perceptio
can be affected by the weight of the cup in whicé liquid is served. A detailed understanding & th
different sensory interactions between water amdwbight of its container may be employed in migtip
contexts. Recently, restaurateurs have begun te dnare attention to pairing mineral water with the
specific characteristics of the food to be eatast as has been done with wine for many decadekk (Wi
2006). Seen within this context, the results ofghesent study would seem to suggest that the ciesistics
of the water and the cups in which the water igsestshould be considered for these food-water &g8mts
to be more successful (which has been reportediiftarent types of wine/liquors and their contaser
Delwiche and Pelchat 2002; Wan, Velasco, Michel, Mioods, Spence, 2014; see also Standage 200¥, for
discussion on the importance of the containerqnidi evaluation). Finally, further investigationgegding
the specific multisensory associations betweertabiéle/proprioceptive aspects of a container dnude of
the liquid within will likely improve our understding of the neural mechanisms and constraints lyidgr

food and beverage sensory evaluations.
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CHAPTERIV
THE ASSOCIATIONBETWEENTHE TACTILE

ATTRIBUTESOFA CONTAINERAND THE PERCEPTION
OF THE MINERAL WATER PRESENTEDONSIDE
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1. Introduction

As any professional chef would know, our experientdood is not solely related to the
sensations arising from the activation of a fewnaizal receptors on our tongue (see Spence & Piguera
Fiszman, 2014, for a review). For example, Michéd|lasco, Gatti, and Spence (2014) recently examined
how some visual factors can influence food tastequion. The authors demonstrated that the ppaints
provided higher tastiness ratings to the culindeynents of a salad dish when arranged in an artigdy
(similar to a Kandinsky’s paint), as compared te thtings given to the same dishes presented with n
artistic arrangement. As far as food containeescancerned, Stewart and Goss (2013) demonstitaded t
the association between the colour and the shapelatte (i.e., white round or square plates aadkotound
or square plates) can significantly modify the swess, flavour intensity, quality, and enjoymentcpgtion

of the dessert served in them (Bruno, Martani, @gr&leari, 2013).

With reference to beverages, Zampini and Spenc@5)26howed that participants’ perception of
carbonation intensity of sparkling mineral wategaffected by an alteration of the frequency of alditory
feedback emitted by the liquid just before constiomptDuring the experiment, the sound emitted by
sparkling water was manipulated in order to ampli$yhigher frequencies. The researchers foundttieat
participants judged as more carbonated the waesepted under this condition of stimulus presemtatis
compared to a condition where no sound manipulatias performed (see also Spence and Gallace, 2011a,

for the connection between carbonation intensitjioferal water and certain word sounds).

The texture of food is one of the key aspects useeveryday cooking, just as by professional
tasters, for their evaluation of food quality andgsantness. In fact, Tournier et al. (2009) shothatl a
variation of the texture of food can affect peoplperception of some of its characteristics. Irntipalar,
they found that an increase in the viscosity ofuatard dessert enhanced people’s perception téste
intensity. As far as food containers are conceriégljeras-Fiszman and Spence (2012b) demonstiaed t
the texture of a container can modulate peoplesajve perception of the biscuits that are conslimet.
Specifically, the biscuits taken from a rough parevperceived as crunchier and harder than théea ta
from a smoother pot. Similar results were repobg@iggs, Juravle and Spence (2016) in a seriastaen

science’ tests in which people rated the mouttdeel food sensations of biscuits and (jellies balsesved
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in plates having rough or smooth finish. The resoftthis study showed that participants ratedftloel as
crunchier and rougher when tasted from rougheegl#ttan when tasted from smoother plates. Simjlarly
participants evaluated the biscuits as saltier ginderier when picked from the rough plate and seree

when tasted from the smooth plate.

Regarding the interaction between taste and texpereeption of beverages Szczesniak, (2002)
investigated through questionnaires and interviefvich attributes of liquids and food textures makem
unacceptable or inappropriate for participants. ugmssingly, they reported that lumps or hard et in
beverages are considered inappropriate (due tdattiethat they provoke fear of choking). While thwi
respect the effect of the textures of the contaimeliquids, Schifferstein (2009) used cups madédiféérent
materials (translucent plastic, opaque plasticameaie, glass, ceramic) to evaluate the drinkingeerpce
relative to two different beverages (soda or haj.t&he participants rated also the empty cups witipect
to a set of characteristics related to affectivmatisions (i.e., pleasant-unpleasant, good-bad)sansory
perception (i.e., heavy-light, thick-thin). The laoit found that, with just a few exceptions, thenkirg
experience followed the experience of the cups.,(¢hg more pleasant was perceived the cup, the mor
pleasant was perceived the drinRote, however, that in this study the participardted the whole
experience of drinking (consisting, as suggestedhieyauthors of the perception through the serikes,
meanings and values attached to the product, anteélings and emotions that are elicited) rathan the
actual perception of the drink inside the cup. Osirailar line of research, Krishna and Morrin (2P08
investigated the effect of the firmness of a ptastip on the taste perception of a mixed drink (cene of
Sprite diluted into 6 litres of water). The residt®wed that the firmer a cup was, the higher drégpants’

evaluated the quality of the drink inside.

In a more recent study, Tu et al. (2015) investigahe effect of different packaging materials on
taste perception of traditional Chinese cold teaelsmge. Participants were asked to evaluate three
dimensions, bitterness, sourness and sweetnebke shtne tea drink (although they were led to beltbat
three different brands of the beverage were tasted)ed in cups made of different materials (glpaper,
organic plastic). The results showed that the bhgptrception of the cup affected people taste pénre of

the beverage contained in them. In particular, [geogted the sense of ice (a sub-dimensions ofthée
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measuring sweetness) of the beverage as significaigher when tasted by means of the glass cup wit

respect to paper or organic plastic cups.

The aim of the present study is to shed more laghthe interaction between touch and taste in
beverage perception by investigating whether and the texture of a container can affect the peroaptf
the water that is served in it. We hypothesized tha tactile properties of the containers migtectf
people’s judgment by means of a phenomenon cadlffdctive ventriloquism{Spence & Gallace, 2011).
This concept concern to emotional domain findingsl aefers to research by means, for example,
participants rate how happy or sad is a personftoiwcan see the face and hear the voice. Resesrche
through the manipulation of the face emotion anthefvoice simultaneously presented, derived ttaive
contributes of the two different sensory modalittegarding people’s affective judgments (de Gelder,
Vroomen, 2000). Spence & Gallace (2011) arguedaffattive ventriloquism effects might be extended
tactile multisensory stimulation with particularfeeence to products packaging design. That is, some
research suggest that in multisensory stimulatianind people’s estimation of several qualities of a
stimulus, the sensory modality with the lowest aace (i.e., noise) probably will “drive” or “domited the
perception of inputs arriving from the other segsopdalities. Such effect was defined maximum Ihebd
estimation (Ernst & Banks, 2002). Alternativelyetbontainer textures effects on beverage perceptatd
be attributed also to ‘halo/horn effect’ (Beckwith Lehmann, 1975; Lawless and Heymann, 1997
Thorndike, 1920). The former, refers to the facattithe positive hedonic/emotional attributes of a
product/stimulus perceived via one modality canll’pir bias) a person’s estimate of the qualitydan
pleasantness of the product/stimulus derived frémerosensory modalities into alignment, and by sl
modulate a person’s overall product/stimulus. Coselg, the definition horn effect is used when the
negative attributes within a product/stimulus |léadyeneral more negative evaluation of it with ezdghe

norm or in term of intensity.

It has been shown that touch plays a very impontalet for our emotional wellbeing (Gallace &
Spence, 2011; Gallace & Spence, 2014; Hertens¥@nkamp, Kerestes, & Holmes, 2006; Walker &
McGlone, 2013) and that tactile sensations can epramotions (Hertenstein et al., 2006), just asalis

properties of stimuli (Paradiso, Johnson, Andreasgheary, Watkins, Boles Ponto, & Hichwa, 2014).
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Following on from these considerations, the emaioralenceof textures (see Etzi, Spence, & Gallace,
2014, for a study on people’s judgments of hagiieatplored textures) experienced during the maaipan

of containers, might be transferred to the peroepdf the liquid that is contained inside and timflsiencing

its perceptual evaluation (e.g., more pleasanutextmight lead to more pleasant evaluations ofvduwer).
Alternatively, an effect of the texture of the ainer on beverage perception might be driven byleso
expectations based on their memory of previous rexpees éxposure effeckswith water containers
(Gallace & Spence, 2008; 2009). In this case, theerthe container deviates from a number of feattivat
are perceived as ‘standard’ in water containees)dabs pleasant and lower in quality could be pesdethe
water. In this case, one might expect that an afsed container (such as the plastic glass) leadsote
positive water evaluations than novel - differentiytured - containers. Woods, Poliakoff, Dijkstéghand
Thomas (2010) experimental paradigm, strengtheryipothesis based on people’s memory of previous
experiences. The authors demonstrated that twagserved from two jugs, and differing only in sivess
were rated as more similar when poured from tdeniical jug, as compared to when presented from
different jugs. They argued that these results iareagreement with the assimilation-contrast model
(Anderson, 1973; Hovland, Harvey, Sherif, 1957)ctsa model postulated that if a food is sufficigntl
similar in liking and flavour to people’s previoexperiences, the expectations were respected and it
assimilated to the norm (Woodruff, Cadotte, Jenki®83). Conversely, the model foretell the failtwe
assimilate a flavour to the norm when individualgeéves an incongruity of the present gustatoryeegmce
with the memory of analogous experiences. Wood&alkidf , Dijksterhuis, Lloyd, Thomas A. (2010)
postulated that the consecutive exposures to audtaimprove the memory representations of its rétur
fluctuation starting from the prototypical one. Fkdast considered as (the peak of the distribpaod (the
spread of the distribution) respectively. Huttehieg Hedges, Vevea (2000) developed a Bayesianlrhgde
means to determine the degree and extent of thpe dfahe distribution of taste expectation effgots the

basis of the uniformity and the amount of previexperience with a food.

In our experiment, the participants’ judgments loé fiquid were measured by means of four
different scales (along the dimensions of freshnglssisantness, level of carbonation, and ligh)negsich
were used in previous studies (Maggioni, Rissoyeédti, & Gallace, 2015; Risso, Maggioni, Olivero, &

Gallace, 2015). The scales were chosen among theriptors of the categories used to classify the
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mouthfeel sensations of liquids (Szczesniak, 19YB¢ choice of mineral water as experimental iterdue
to the fact that it is odourless, so that, smedisnot interfere with the evaluation of the featwethe liquid
(something that cannot be said of the beveragas ingerevious experiments on this matter; e.g.efal.,
2015). By using this particular stimulus, we codicectly analyse the effect of tactile qualitiescohtainers

on people’s taste perception of liquids, withow thfluence of other sensorial attributes of thest.

Given that water is often defined as tastelessrtyained people (i.e., with the exception of highly
trained hydrosommeliers) we asked our participamtssess the characteristics more closely lingedirst,
or to the advertising campaign related to mineratew (Dietrich, 2006; Lucchiari & Pravettoni, 2012)

instead of the basic tastes (sweet, sour, sattgrhi

2. Participants

Forty-eight participants, with a mean age of 23y&ars 8D = 4.75, 38 female) took part in the
experiment; they were graduate and undergraduatiersts. The students received course credits &r th
participation in the study. All the participantsvgawritten consent prior to their participation. €Th
experiment was performed in accordance with thea@tistandards laid down in the 2008 Declaration of
Helsinki and it was approved from the local ethicammittee. The experimental session lasted for
approximately 40-50 min. This duration includes iaitial overview of the experimental setup, the

explanation of the instructions, and a final defbwiel0 minutes, regarding the main aims of thegtu

3. Stimuli

Two different types of mineral water were usedargfing and still mineral water (S. Benedétto
sparkling and still mineral water, 0.5 | bottlehelchemical and physical properties of each typeabér are
represented in Chapter Il (Table 1). Common plastjzs, produced by the same commercial brb®pla
S.p.A) and varying only in terms of the materiagédiso cover them (sandpaper, satin, and plastiog wsed
to serve the water (see Fig. 21). The textured rsosatin and sandpaper) were selected on the bhais
previous study showing that, across a range oflifégrent materials, people perceive sandpapersatid as
respectively a very rough (and unpleasant) andasmooth (and pleasant) material (see Etzi etall4).

The textures were glued around the container Igavincovered only the part of the cup where the
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participant’s lips had to be placed in order tokirihe content. Each plastic cup used was filleith @D ml

of water and the bottles used were always kepbragtant room temperature (19-22 °C).

Figure 21— The coatings used to cover the plastic cupstiggarom the left plastic, sandpaper and satin

4. Procedure

The procedure followed a within-participant desidime study was conducted in an experimental
room fitted with a laptop computer (screen resohutil024*768 pixels and had a screen size of 23ncm
height x 30,6 cm in width; refresh rate: 60 Hz)eTdomputer was placed on a desk directly in frérthe
participants. The participants sat comfortably ochair, approximately 50 cm from the laptop scrdan.
each trial, a plastic cup filled with water was qdd on the desk in front of the participants by the
experimenter at about 25-30 cm from the particigambdy. The individuals were blindfolded and insted
to grasp the cup when the experimenter placed dngntheir fingers and to drink as much water ay the
wished. Immediately after the tasting session, tveye asked to remove the blindfold and rate theewa
along four dimensions (freshnésgleasantness, carbonation and lightness), by snefat60mm long visual
analogue scales (VASSs), anchored with the termsahall’ and ‘very much’ and presented on the czof
the PC screen. Participants were not informed dhéhg the experiment tasted always the same twd ki
mineral water (still and sparkling). Responsesh® YASs had to be provided by using a computer mous
At the end of the experimental session people awtlthe pleasantness of the three textured cimpg the
same VASs of the previous part of the experimehe Participants were also requested to indicatet wha
kind of mineral water they generally prefer to #rifcach type of water was presented 3 times in each

different cup for a total of 18 (2 waters x 3 tertsix 3 repetitions) samples to be evaluated.
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Figure 22— The participants’ mean judgments on the scalesorewy freshness perception for both kind of wasea function of the
texture of the glass in which the liquid was servédor bars represent standard errors of the messterisks represent Newman-

Keuls significant differences at< .05

5. Results

The data were analysed with STATISTICA 6.0 (Stat3tdly). The participants’ mean ratings were
submitted to a repeated measures ANOVA with théofacof texture of the plastic cup (i.e., sandpaper
satin, plastic), type of water (i.e., still, carlavexd) and scales (i.e., freshness, pleasantnessd, dé
carbonate, lightness). The results of the analgsisaled a significant main effect of the scal8[F4{1) =
13.96,p < 0.001] and of texture [F(2,94) = 5.42+ 0.006], but not of water [F(1,47) = 3.8 0.061]. The
interaction between scale and texture [F(6,282)3%,D = 0.03], as well as the interaction between saaté
water [F(3,141) = 118.43 < 0.001] resulted to be significant. The intei@ttbetween texture and water
[F(2,94) = 0.06,p = 0.94] and between scale, texture and water [Bg,2 1.14,p = 0.34] were not
significant. Newman—Keuls post hoc tests weregoaréd on all the significant effects. The main efffef
scale showed that on average participants provigiedtitatively lower evaluations (i.e., evaluatiahsser
to the ‘not at all’ endpoint of the scale) for timensity of carbonation scale than for freshngss 0.001),
pleasantnesg(< 0.001) and lightnes® & 0.001) scales. A post hoc test on the signifiedfgct of texture
demonstrated that people on average provided dqatweiy lower evaluations (i.e., evaluations closethe
‘not at all’ endpoint of the scale) for sandpaper~=(0.01 and satinp(= 0.01), as compared to the plastic

texture. A post hoc test on the interaction betwsesle and texture revealed that participants perde
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mineral water as fresher when served in a plasii; as compared to a cup covered with sandpaper (

0.049) or sating = 0.028) cups (see Fig. 22).

The post hoc test also revealed that water waseped as more pleasant when served in a plastic
cup, as compared to the water served in cups cdwwresandpapemp(= 0.01) or sating = 0.04) (see Fig.
23). Finally, the results showed that the mineralewwas perceived as lighter when served in diplesp,
than when served within a cup covered by sandp@gper0.054) (see Fig. 24). No significant differences
were found on the scale of carbonation intensitypo&t hoc test on the interaction between the faatb
scale and water revealed that participants perdestd water as freshefp = 0.01), more pleasanp
0.001) and lighterg < 0.001) than carbonated water. Not surprisinglgrbonated mineral water was

perceived as more carbonated than still water .001).
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Figure 23— The participants’ mean judgments on the scalesmesy pleasantness perception for both kind oéwas a function of
the texture of the glass in which the liquid wasved. Error bars represent standard errors of tbans Asterisks represent

Newman-Keuls significant differencesgak .05

A univariate ANOVA was performed on the particigginpleasantness evaluations of the three
textures. The results of the analysis revealedyaifgiant main effect of texture [F(2,141) = 13.G6<
0.001]. A Newman-Keuls post-hoc test showed thatigpants rated sandpaper as less pleasant as
compared to satirnp(< 0.001) and plastiqp(< 0.001). Finally, people’s responses regardirgy thbility to
recognise the textures and their preference fontimeral water were calculated: 47 individuals grised

the plastic (98%), 41 recognised the sandpaper \8d 2 recognised the satin (4%). As far as the
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evaluations of the water preferences are concef&garticipants in general preferred to drinkl stikter

(75%), 10 carbonated water (21%), and 2 slightipaaated water (4%).

A linear regression analysis was carried out @eoto evaluate the relationship between the
perception of mineral water and the pleasantnestheftextures on each of the four scales. The four
dimensions investigated freshness=[ 0.11,p = 0.93], pleasantness F 0.35,p = 0.77], carbonation
intensity f = 0.93,p = 0.23] and lightness E 0.55,p = 0.63] of the water did not show any correlatigth

the perceived pleasantness of the textures.
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Figure 24— The participants’ mean judgments on the scalesore®y lightness perception for both kind of watera function of the
texture of the plastic glass where the liquid watsad. Error bars represent standard errors ahttens. Asterisks represent

Newman-Keuls significant differencesgak .05

6. General discussion and conclusions

The results of the present study revealed thapéneeption of certain attributes/qualities of maier
water was affected by the different textures usecbier the cup where the liquid was served. Iti@dar,
the results demonstrated that participants perddye¢h the still and the carbonated mineral wasdiresher
and more pleasant when the liquid was tasted itastip cup, as compared to conditions where thes cup
were covered by sandpaper or satin. On the dimesisiblightness was found that people perceivecerain
water lighter when the liquid was tasted in a ptastip, as compared to conditions where the cupg we

covered by sandpaper. That is, people perceiveld kintds of mineral water as more pleasant and éresh
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when served in plastic cups, than when servedensahdpaper and satin covered cups. Intriguingbsd
results show that the texture of a container cadutade people’s judgments regarding some charatitei

of mineral water.

One might wonder whether this effect is determibgdhe overall evaluation of the pleasantness of
the textures. That is, participants could havesiemed their perception of pleasantness from a&rgiv
material to the liquid contained in such matetitdwever, this interpretation is not supported by tbsults
given that in the present experiment satin andiplasps were rated by the participants as equudigsant.
As well as, it cannot be attributed to halo/horfeets (Beckwith & Lehmann, 1975; Lawless and Heyman
1997). Since, there is the lack of a fundamentapety, that is, the shift of the positive/negativedonic
feelings of some characteristics of the stimulitbeir overall evaluation. In fact, the texturedetiéntially
modulated mineral water perception. For exampleyaraation intensity perception, was not modulated b
the textures, and regarding lightness was founigraficant difference only between plastic and gzaqkr
covered cusps. Moreover, regarding halo/horn efféabccur when are rated characteristics thatrigeto
the same cluster (i.e., mouthfeel sensationsgpsted by Kappes, Schmidt and Lee (2006) and hetvin
addition were rated attributes in other differerddality. Lastly, to our knowledge in literature wenot

reported halo/horn effects due to the tactile fieetwf the experimental stimuli.

Several hypotheses may explain the effect repantélde present study. First, a key factor could be
the degree of the appropriateness of the cont&nére whole drinking experience of the particiganh
fact, as reported by Spence and Wan (2015d) favhalc drinks, people quickly learn to associate th
consumption of different liquids to receptacles mad specific materials and having specific shafre
might then hypothesise that these preferences lsaneatend to non-alcoholic beverages. In the prtese
study, it is possible that the participants, asirecfion of their previous experiences, considehedpiastic
cup (covered by the same material used to makeugppeas the more appropriate container in whiathritok
mineral water. In fact, it should be noticed thamhdpaper and satin represent unusual materials toip.
Thus, drinking the water from containers coverethwhose materials, could have violated the pgdicis’

expectations regarding their drinking experiencggsniak, 2002).
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It might also be possible that participants attiélouto the water some of the characteristics of the
texture (such as the presence of rough particlesdipaper and of fabrics), thus diminishing thell®f
acceptance of the water. Note in fact that drinkeptance mainly depends on the presence of certain
unexpected hard particles or of no edible mateialseverages (Szczesniak, 2002). In addition utee of
materials, such as sandpaper and satin, that arerajly not used to serve water might have also
compromised the patrticipants’ perception of watanka@bility (see a detailed review on the appraeiniass

of the container on the perception of contentsnSe& Wan, 2015d).

It is important to mention here that the effectsnid can be also related to emotional responsdeto t
stimuli. That is, the breaking of participant’'s expations regarding the matching between the comtaind
the content could have generated negative emotmmsh in turn may had affected the evaluation atev
characteristics. In this case, therefore, one ngglggest that the evaluation of water was detemniryethe
affective ventriloquist effect; (see Spence & Ga#la2011b) for which the emotional response eticiig a
tactile aspect of the container (negative in tlisecdue to the break of expectations), affectedveeall
evaluation of the drinking experience. Hypothebat tagrees well with Woods et al. (2010) model¢esin
containers covered with sandpaper and satin coeldotally novel with respect participant's previous
drinking experience. Hence, this fact could hawgsed a perceptual discrepancy regarding the flavbtive
mineral water served in classic plastic containeste similar to the prototypical beverage flavotared in
memory. Intriguingly, the intensity of carbonatiof mineral water was not affected by any crossmodal
effect with respect the three different textureshef cups. In the future, emotional reactions &dbntainers

should be evaluated also by means of physiologiegisures (Etzi & Gallace, 2016).

Finally, it needs to be considered here that wéaledpaper and satin textures were glued around the
plastic container (just as it occurs with prodwdidls or covers), the plastic cup was covered bydry
same material of the cup in our experiment. Onehtrtigen suggest that the more or less explicitggron
that the container was manipulated (less relevattiaé plastic covered cups), rather than the poesefithe
specific materials, resulted into a more negatxadieation of the content pleasantness. It wouldhiortant
in the future to explore also the effect of textum water perception using cups, which are speadiyi

designed with specific surface properties (e.ghiffstein, 2009). Moreover, as already mentioned
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participants were not informed that they would alsvéasted the same two types of water. When infdrme
during the debriefing, some of them reported tlaatehguessed it, others reported they supposedtastesl
different types of mineral water and somebody reggbdid not understand well how many types of water
were tasting. Hence, the a priori knowledge ofdkeerimental aim should not have interfered witbghe's
evaluations. However, this cannot completely exeltitat someone has tried to please the experimenter
during the evaluations, if her/he sensed the aimhef experiment. It might also be pointed out, at a
methodological level that the number of the expernital stimuli is too small (only two) and thereaisack

of a neutral ones. Since, as observed by Woodbk €011), an experiment that includes liked, radwnd
disliked stimuli prevent the possibility of someltien effects. Nevertheless, the experimental projddch

the present experiment, is part, investigated anodsl interaction specifically of tasteless and wtiss
stimuli (for naive people), and only water possesiese characteristics. In particular, the gersnalof the
experimental project is to exclude the so callesidotastes (sweet, sour, bitter, salt) and odoarsgived
both retronasally than orthonasally from particifmtaste experience. Relevant issue, taking ictmant
how proposed according to Auvray and Spence (208Farding flavour, in which basic tastes, smells,
trigeminal, and tactile sensations would be ineatly unit to form a unitary percept. It is alsodrthat it
could be added also slightly carbonated minerakmwad the experimental stimuli. However, the prable
would remain unchanged, since, this last is raseth@ most unpleasant and ambiguous stimulus. &sbgn
there is no mineral water considered neutral im$epf pleasantness. Probably, these conditionsdcoul
prevent the possibility to extend these results tmore wide range of stimuli. Nevertheless, Itaythe
country with the highest number of mineral wateairgpand is the first exporter in the world. Circstances

that perhaps, could compensate for the possilofithe scarce generalization of the observed effect

In conclusion, the results of the present studywshwat the perception of mineral water can be
modulated by the textures of the materials usedoi@r the cups in which the liquid is served. Feirth
investigations should be directed to assess hoverdiit types of liquids interact with the same
characteristics of the textures used to cover th&ainers. For example, one might study the efédct
sandpaper coated cups on the taste perceptioraimfygneverages (i.e., pear juice) to see whetheolitd

lead to different results with respect to mineratav.
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The results of the present study might provide irtgpa insights to the study of crossmodal
correspondences between haptic/tactile and gustatspects of the stimuli. Moreover, they are also o
importance for the development and marketing of ewgpackaging able to enhance the positive
characteristics of a beverage or to modulate its@mption (see Gallace, 2015). As well as, to imprie
distinctive characteristics of certain beveragesn@ans of the multisensory stimulations elicitesbdly the
container (Gallace, 2015; Spence & Gallace, 20bi1grestingly, these findings, together with thoether
recent studies (Maggioni et al., 2015; Risso et215), shed light on how the extrinsic qualite#sthe
packaging affect the perception and the evaluaifahe products contained in it (Gallace, 2012;|&a &
Spence, 2011b). In particular, the results of tresgnt study might be also useful for the develoypiné
more appropriate and effective products labelsomers (see Spence and Piqueras-Fiszman, 2012 dor t
observation that a vodka producer has recently rided its product by means of a label printed on

sandpaper).
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CHAPTERV
THE EFFECTSOFA SMALL SIZEOLFACTORYDEVICE
ONPEOPLE'STASTEOFFOOQOD
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1. Introduction

In Human Computer Interaction (HCI), olfaction &ry seldom included as interaction modality. This i
because knowledge of olfactory perception is lesgelbped as compared to other sensory modality. As
consequence, it is hard to use smell effectivebpeeially under conditions of multisensory stimulus
presentation. Moreover, devices to display odotgsratheir infancy and cannot be practically usalohder
ecologically valid conditions of stimulus preseitat (see Barfield & Danas, 1995; Nakamoto, 2013;
Sanders & McCormick, 1993). That is, the majoritly current olfactory devices are cumbersome and
definitely not wearable. Here we tested a new cptime small size olfactory display in order to detme if
the sensory experience generated by the devicbecanccessfully used to modulate people’s evaluatia

number of food characteristics.

In the last decades, psychological and neurostientisearch has shown that the different featofes
product, such as its color, shape, odor, tastélgdeel, sound and so on, are rarely processéblation by
our neural system. A number of interactions ocemnsng them, and our final perception is much mioaa t
a mere sum of these characteristics (see Spentg&aR0rhis consideration also applies to food eatiin,
where it has even been suggested that the percegtiaste should be considered more of a multegns
than unisensory experience (e.g., Spence, HobkinGallace, & Piqueras-Fiszman, 2013). In fact
psychological and neuroscientific research has ahibwat visual, auditory, olfactory and tactile aspeof
food (see Spence & Piqueras-Fiszman, 2014, focenteeview) can all modulate our gustatory peioept
For example, Michel, Velasco, Gatti, and Spencel420ecently reported that the participants prodide
higher tastiness ratings when asked to taste & sk¢h visually arranged in an artistic way (simila a
Kandinsky’'s paint), than when the same dish wasemed without any artistic arrangement. As far as
beverages are concerned, Zampini and Spence (2808ited that participants’ perception of carbanati
intensity of sparkling mineral water is affected dy alteration of the frequency of the auditorydfesck
emitted by the liquid just before consumption. artizular, amplification of the higher frequencimsitted
by the beverage when served results into the gaatits reporting a higher intensity of carbonatvamile

tasting the water.
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Interestingly, a number of studies has also dematest that food perception is not only affectedhsy
sensory qualities of food, but also by those ofdbmetext where food is presented. For examplecther of
a container can affect the taste of food and bgeemesented in it (e.g., Biggs et al., 2016; Krésl&
Morrin, 2008; Maggioni et al., 2015; Spence & Wafa15d; Piqueras-Fiszman & Spence, 2012c; Piqueras-
Fiszman et al., 2012; Risso et al., 2015; Zamg@ingpence, 2005). In particular, Risso, MaggioniivéXo,
and Gallace, (2015) recently reported that peoetegive mineral water as more carbonated when ic@uta
in a red or blue plastic cup, than when contaimea white cup. Similarly, Stewart and Goss (201®vsed
that different combinations of colours and shapea plate can significantly modify the sweetneksdur
intensity, quality, and enjoyment perception of tessert served in them (see also Bruno, Martansid,
Oleari, 2013). Even the weight of the container M@eem to affect the perception of the beveraggedan
it, where heavier cups make the participant peecéine mineral water less pleasant than when senved
lighter cups (Maggioni, Risso, Olivero, and Galla2@15). Olfaction is certainly one of the most ortant
stimuli used by humans to evaluate gustatory stinhulfact, it has been shown that our taste pdicep
decreases when olfaction is not available (e.g.rpMy & Cain, 1980). Following on from these
observations, if one’s aim is to improve peoplexparience of food under ecologically valid condito
such as in restaurants or in realistic virtual itgadimulations, olfactory stimuli need to be pneissl
effectively and in a highly controlled way. In pauar, wearable olfactory interfaces would allow 10
present in a timely precise context specific odarsich might modulate people’s food experiences and
choices. Here we tested the effectiveness of aotetory device in modulating people perceptiorfafr
different qualities of food (Experiment 1; pleasads, sweetness, saltiness and bitterness) arevefdyes

(Experiment 2; pleasantness, sweetness, saltiniéesness and carbonation intensity).

2. The olfactory display

We developed a novel Multi-Fragrance Olfactory Tagp(MFOD), which is very light and small,
and is able to release multiple fragrances. The BiFOnsists of a multi-fragrance dispenser of cormpac
powders of fragrances contained into small cashghnallows releasing up to eight fragrances inaanner

that is precisely controlled.
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The MFOD is based on a novel principle for the gatien and release of fragrances, which is the SFR
Solid Fragrance Release method that delivers stdemtsgh the modulation of an airflow striking @it of
solid fragrance. This method differs from thosengsliquid or vaporous fragrances (8), which are enor
“invasive” and permeate the environment. In additithe use of solid particles delivered througlflair

allows us to more precisely control the flow.

The same principle can be used for the implememtadf a wearable configuration and of a desktop
configuration (Covarrubias, Bordegoni, Caruso & ydg2016). In this specific research, a desktorsios
of the MFOD has been used (see Fig. 25). It cangistan actuated dispenser allowing us to storbteig
fragrances and to control the timing, intensity auodation of the fragrance release. The MFOD inetud
centrifugal fan (see Fig. 25 (1)), which provide®d acontrols the airflow, a servo-assisted cylinalric
repository (3), and eight small tubes including past powder fragrances (4). The servo-assisteddnjtial
repository is controlled through an Arduino boaedd(iino.cc), which is connected to the E-Prime tool
(www.pstnet.com/eprime.cfm). E-Prime is an envirenin for computerized experiment design, data
collection, and analysis, which has been here feeithe selection and delivery of the fragrancesally, a

pipe (see Fig. 25 (5)) releases the selected dddbe user’'s nose.

The MFOD performs three main functions:

1. Airflow Generation — A Direct Current (DC) poweer fan generates and airflow that is directed tdwar

the fragrance repository.

2. Odour Selection — Small PVC tubes contain thgriince compact powders. Each tube contains &ispeci

fragrance, except one that is left empty and isl @ cleaning function. The tubes are fixed totatimg
cylinder, similar to a revolver gun. A servo motsrused to rotate the cylinder to the desired mrsiand

select the specific smell to deliver.

3. Odour Delivery — The airflow generated by tha fsasses through the selected tube in the fragrance

repository, and the odorous airflow, generated @sion process, goes through the flexible magspe

and is delivered close to the user’s nose.
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The fragrance intensity can be adjusted by modifyime airflow generated by the centrifugal fan. The
latency from generation to perception of a selecalr is less than 0.5 sec., with a length ofdélkvery
pipe of 600 mm. This configuration has been tested judged as sufficiently fast to allow usersdel fa

new selected fragrance synchronous with the useggsaction.

1. Centrifugal / Axial Fan
2. Servo-Actuator
Concept of the 3. Fragrance Repository
MEFOD 4. Solid Fragrance

5. Pipe

Max. Size (mm): 60 x 90 x 60 I

=) ( /\. \‘;
/

\\
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Figure 25- The Multi-Fragrance Olfactory Display

3. Experiment 1

3.1Participants

Eight participants with a mean age of 29 years {5083, 6 female), took part in Experiment. All
the participants gave written consent prior torthparticipation. The Experiment described here wadle
performed in accordance with the ethical standdais down in the 2008 Declaration of Helsinki and
approved from the local ethical committee. The Expent lasted for approximately 20-30 min. Peopl®w
claimed to be affected by any permanent or temgastactory or taste dysfunction, were excludedrfro
taking part in the Experiment.
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3.2 Stimuli

Two different types of food were used: salty cragkaarrefour) and lemon sugar candies (Perugina).
Common white plastic dishes (produced by Bibo I@ly.A. for Carrefour) were used to serve the fdde

two odors administered were chocolate and a mixaticitrus fruit (Oikos Fragrances).

3.3Procedure

The study was conducted in an experimental bodtle. Farticipants sat comfortably on a chair in

front of a desk. The participants were instructedrasp and eat the food presented on the des&iga of

the experimenter, while at the same time they sdedh odor or clear air administered to both restor
about 15s. They were also informed that afterrigsthe food they had to rate it along four dimensio
(pleasant, sweet, salty, and bitter) by means IBGmm long visual analogue scale (VAS), anchorigd w
the terms ‘not at all' and ‘very much’. The VAS wpsesented at the center of a 17" PC screen. The
participants used the mouse to select the poittherscale that best represented their evaluatiach Ebod
was presented 3 times for each olfactory conditfon,a total of 18 (2 foods x 3 odors x 3 repetigd
samples of food to be evaluated by each participghé presentation of the food and the odors was

completely randomized.

3.4Results

The mean participants’ judgments along the VASseveeibmitted to a repeated measures ANOVA
with the within subjects factors of Odor (chocolate citrus), Food (sugar candy vs. cracker), acaleS
(pleasantness, sweetness, saltiness, and bitteridss results of this analysis revealed a sigaific
interaction between all the three factors [F(6,22)8; p=.003]. Consequently, we decided to performa

ANOVA for each of the four scales adopted, with letors of Odor and Food.

The ANOVA on the scale of Pleasantness showednéfisignt main effect of the factor Odor [F(2,14)68;
p=.02] and of the interaction between Odor and A6&¢#,14)=4,32; p=.03]. A Newman-Keuls post hoc on

the factor of Odor showed that participants evalddhe taste of both food as more pleasant whesepred
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with the odour of chocolate (p=.01) or citrus (F3).than when no odour was presented (see Fig.A26).
Newman-Keuls post hoc test on the interaction shidtivat the participants evaluated the taste ofiearab
more pleasant when presented together with therodfouaitrus (p<.001) or with the odour of chocolate
(p=.002) as compared to when it was presentedouiitany odour.

Pleasantness
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Figure 26 - The participants’ mean judgments of pleasantiressm (0O=not at all; 150=very much) for the twmfts tasted, as a

function of the different odour conditions. Errarb represent the standard errors of the means

The ANOVA on the scale of sweetnhess resulted ifgaificant main effect of the factor of Odor
[F(2,14)=4.4; p=.03] and of Food [F(1,7)=85.47;, ®B01]. As expected, participants found the candy
sweeter than the cracker. A Newman-Keuls post mate factor of Odor showed that participants fotied
taste of both food as sweeter when presented hatlodor of chocolate than when the odor of citprs@3)
was presented ; see Fig. 27). The interactions dmiwhe two factors did not result to be signiftcan
[F(2,14)=2.27; n.s.].
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Figure 27 - The participants’ mean judgments of sweetnessrin(@+not at all; 150=very much) for the foods tdstes a function

of the different odour conditions. Error bars reygret the standard errors of the means

The ANOVA on the scale of saltiness resulted inigmiicant main effect of the factor of Food
[F(1,7)=94.60; p<.0001]. As expected, the partiotpafound the crackers as saltier than the cantlies.
significant effects were found for the factor ofd@dF(2,14)=1,7; n.s.], nor for the interactionueéen Odor

and Food [F(2,14)=2,39; n.s.].

The ANOVA on the scale of bitterness resulted insigmificant effects of the main factors and of
their interaction (all p.s n.s.). However, a tretiogvards significance was found for the factor ofoéo

[F(1,7)=5.07; p=.059].

4. Experiment 2

4.1Participants

Sixteen participants with a mean age of 24.69 y&zips= 3.89, 10 female), took part in Experiment.
All the participants gave written consent priottheir participation. The Experiment described heege all
performed in accordance with the ethical standdmds down in the 2008 Declaration of Helsinki and
approved from the local ethical committee. The Expent lasted for approximately 20-30 min. Peoplt®w
claimed to be affected by any permanent or tempasHactory or taste dysfunction were excluded from

taking part in the Experiment.

4.2 Stimuli

Three different types of beverages were used: Bpgriknineral water (S. Benedetto®) 0.5 | bottle),
tonic water (Schweppes® 0.25 | bottle) and Spri(€®ca-Cola Company 0.5 | bottle). Common transgaren
plastic cups (DOpla® S.p.A) were used to serveidigiuThe two odors administered were chocolateaand

mixture of citrus fruit (Oikos Fragrances).

4.3Procedure

The study was conducted in an experimental bodtle. Farticipants sat comfortably on a chair in

front of a desk. The participants were instructedrasp the plastic cup and taste the beveragedémnit at
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a signal of the experimenter, while at the same tihey smelled an odor or clear air administeredati
nostrils for about 6s. They were also informed thiér tasting the liquid they had to rate it aldhg
dimensions (pleasant, sweet, salty, bitter andozetion intensity) by means of a 150 mm long visual
analogue scale (VAS), anchored with the terms &ataill’ and ‘very much’. The VAS was presentedis t
center of a 17” PC screen. The participants uded rhouse to select the point on the scale that best
represented their evaluation. Each liquid was mtesk3 times for each olfactory condition, for tatmf 27

(3 beverages x 3 odors x 3 repetitions) sampledigoid to be evaluated by each participant. The

presentation of the beverages and the odors wagletaly randomized.

4.4 Results

The mean participants’ judgments along the VASseveeibmitted to a repeated measures ANOVA
with the within subjects factors of Scale (pleasas$, sweetness, saltiness, bitterness, carbormatosity,
Odor (chocolate vs. citrus) and Beverage (Sparkivater, Tonica, Sprite). The results of this analys
revealed a significant effect of scale [F(4,60)G75, p < 0.0001], beverage [F(2,30) = 22.88, pGO0O1]
and a significant interaction between scale ancia®e [F(8,120) = 15.19, p < 0.0001]. The mainaeftd
odor [F(2,30) = 0.15, p = 0.86], the interactiotvien odor and beverage [F(4,60) = 1.80, p = Gahd]the
interaction between scale, odor and beverage [B4D§,= 1.11, p = 0.35] did not result to be sigrsfit.
That is, the odors presented did not modulate #nticfpants’ perception of the beverages preseimtethy

of the scale analysed.

A Newman—Keuls corrected post hoc test on the raHfiect of scale revealed that participants on
average provided quantitatively lower evaluations.,(evaluations closer to the ‘not at all’ endpaf the
scale) for saltiness, as compared to pleasantpesd(001), sweetness (p = 0.001), bitterness Qp081)
and carbonation intensity (p = 0.001). Moreover,tba significant main effect of scale participaots
average provided quantitatively higher evaluatipms, evaluations closer to the ‘very much’ endpaif the
scale) for carbonation intensity, as compared tagdntness (p = 0.001), sweetness (p = 0.001) and
bitterness (p = 0.001). A Newman—Keuls post hotdaghe significant main effect of beverage showted
participants on average provided quantitativelydowvaluations (i.e., evaluations closer to the atoall’

endpoint of the scale) for sparkling mineral wdten tonic water (p = 0.001) and Sprite® (p = 0)0GL
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Newman—Keuls post hoc test on the interaction betwthe factors of scale and beverage revealed that
participants perceived Sprite® as more pleasamt tiwaic water (p = 0.001) and sparkling mineral evep

= 0.02), Sprite® as more sweet than tonic water (p001) and sparkling mineral water (p = 0.0019ni€
water resulted to be perceived as more bitter gparkling mineral water (p = 0.001) and Sprite®=(p

0.001).

5. General discussion and conclusion

The results of the present study clearly suggedtdbr olfactory device can be successfully used to
alter people’s experience of food. In particulae showed that participants perceived candies ag mor
pleasant when presented together with the odoiitiefscor chocolate than when presented with no .odor
Moreover, we found that the participants’ percaptaf sweetness of both foods (candy and crackers)
increased when the odor of chocolate, as comparttetodor of citrus, was presented. That is, tfaetry
stimuli delivered by means of the new olfactorypthy showed to be effective in modulating people’s

evaluation of food.

Interestingly, no modulatory effects of the olfagtestimuli were found when beverages where
presented. The lack of effect in this case mightebeted to the perceived congruence between tbies @hd
the presented beverages. That is, chocolate anditthe fruit might not be the more appropriate rsdo be
used in order to enhance the quality of the driialsted in the present experiment. As a consequénee,
more or less explicit perception by the particigathiat the context of stimulus presentation wadcally
manipulated (e.g., that the odour did not arisenftbhe beverage itself) could have made more diffitie
integration between the olfactory and gustativelities of the drinks (cf. Dietrich, 2006). Howeyat
should also be considered the possibility that tuehe high variance of the participants’ perceptua

judgments our study was underpowered to identggificant effects.

The results reported here are in line with previeggentific evidence showing that people’s
perception of food can be altered by the multisgnsontext where the stimuli are presented (Maggatn
al., 2015, Piqueras-Fiszman & Spence, 2012c; Pagdeiszman, et al., 2012; Zampini, & Spence, 2005).

fact, despite of the fact that the participantsvkrieat the odor did not originate from the foockltstheir
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evaluation was still significantly affected by As far as this point is concerned, our resultstheefirst to
show an interaction between taste and odor in pé&oplvaluation of food pleasantness and sweetness b
using a small size olfactory interface. Furtherdis should be addressed at investigating the teffeic
delivering olfactory stimuli by means of such ded®n the perception of different food and bevesagiso
under ecologically valid condition of stimulus peegation (e.g., in restaurants or within virtuahlity

simulations).
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CHAPTERVI
THEEFFECTSOFDIFFERENTEXPERIMENTAL

PARADIGMS ON OLFACTORY MEMORY FORBRIEFAND
LONG TIME PERIODS
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1. Introduction

Until a few decades ago, researchers consideredlthetory system a less attractive sensorial
domain to be investigated, perhaps also due tdiffieulty of handling odours in the experimentaiting.
Hence, less data on olfaction in general, and dacwry short-term memory in particular, have been
collected so far (as compared to the amount of degarding visual and auditory processing and mgmor
To date, one of the more debated issues in thg stiuthe olfactory system is whether olfactory shterm
memory (OSTM) is structurally and functionally siamito STM in other sensory modalities. In partizul
there is no agreement on the conceptualizatioromd land short-term olfactory memory as two separate
systems, as well as, on the verbal coding of tleued(Andrade & Donaldson, 2007; Gabassi & Zanutini
1983; Herz & Engen, 1996; Engen & Ross, 1973; Zglddontag, Khan, & Sobel, 2009; White, 1998;
White, 2009; Wilson & Stevenson, 2006; Yeshurund&luSobel, 2008; see also Chapter 1 for a disouissi

on this point).

In order to assess the existence of two separat@monye systems for odours, research has
investigated the presence of double dissociationséuropsychological patients who show memory
impairments (White, 1998). Moreover, for the veame reason, it was investigated whether memory for
odours is sensible to the serial position effe€the stimuli (indicating the presence of two sepamemory
system: one related to the recency affect and ther @ao the primacy effect). A wide range of taslere
used in order to evaluate these aspects. A feviestindve investigated the presence of differentstorage
capacity between short and long term memory inctifa. Within this domain, it was demonstrated tinat
immediate recognition of an odour is better wheona to one, rather than a one to three, or onévéo f
comparisons between target odours needs to berpedaJones, Roberts, Holman, 1978). That is, theem
odour are presented the worst is the participgrggformance. By contrast, in olfactory long-termnmaey,
participants were shown to be able to recognizerately the 70% of a large amount of odours (48)oug0
days after their presentation (Engen & Ross 19i®)ortantly, Lawless and Cain (1975) showed thatsit
size stimuli did not affect long term recognitiomhfle it affects short term recognition). In fapgrticipants

recognized 22 odours with a mean of the 75% ofecbrresponses after 28 days between the presentatio
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and the matching task. Similarly, Lawless (1978)vetd that 24 odours were recognized by participants

after 4 months from their presentation with an agerof 75% of correct responses.

The difference between short and long-term memoydiour coding has been investigated by means of
the same procedures used to assess different measnprgonents within the theoretical multi-component
model of STM proposed by Baddeley and Hitch (19Td)particular, within this framework, differences
between the presence of a perceptual (Conrad & He@4), rather than a semantic coding (Baddel@§o)l
are considered related to STM and LTM respectivibcording to different authors, the similarity \ween
odours within an experimental set should impaitipigant’'s performance in an OSTM task (Jehl, Rpget
Holley, 1994; White et al., 1998). According toglelaim, Jehl et al., (1994) showed that the shitylaf the
odour probe with a previously presented target odoa list of olfactory stimuli diminished its imediate
recognition. By contrast, some authors showedwubdial associations with odours did not improve mgm
for odours (Engen & Ross, 1973; Lawless & Cain,5t3erz, 2000). Actually, Lorig (1999) argued tlaat
mutual interference between odour and languagedliasks exists.

With respect to LTM for odours, it was demonstrathdt not only semantic, but also perceptual
characteristics of olfactory stimuli (e.g. familtgy, although to a lesser extent, can modulatepjee®
performance during the memory task (Jehl, Royejalley, 1997; Rabin and Cain, 1984; Schab, DeWiik,.
& Cain, 1991). In particular, Schab et al, (1994¢wed that within a list of familiar and unfamilits be
remembered odours with retention intervals of 2,40and 100 s., familiar odours were rememberéibe
than unfamiliar odours in all conditions of temgdatalay.

As far as the studies on neurological patients cmecerned, evidences of patients with a double
dissociation between short and long term olfactmgmory have been reported (although defined as not
particularly robust). For example, patient H.M,eatied by an impairment in LTM consolidation in mese
of a preserved ability to perform STM tasks (Miln€orkin, & Teuber, 1968) was also tested in otiact
memory tasks. Eskenazi, Cain, Novelly, and Friefi®83) showed that H.M. performed correctly in
detection and intensity discrimination of odourgijlerhe was not able to discriminate the odourigual

A number of studies have also investigated odounamg in Korsakoff patients (Mair, Capra, McEntee,
& Engen, 1980; Rupp, Fleischhacker, Drexler, Hausmé&linterhuber, & Kurz, 2006). In particular, &

been reported that both Korsakoff's patients angalegically normal control participants performieetter
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in discriminating similar odours than dissimilarood, a behaviour, suggesting and impairment of OLTM
By contrast, patient K.F. showed an impaired gbifi OSTM and a moderately preserved OLTM (Shellic
& Warrington, 1970).

Deficits in OSTM were also observed in patienteetiéd by epilepsy. Hudry, Perrin, Ryvlin, Mauguiére
and Royet (2003) demonstrated that patients witiptgal lobe epilepsy were impaired in odour rectigni
memory for short temporal dealy. Carroll, Richardseand Thompson, (1993) also showed that patieitits w
right temporal lobe epilepsy have difficult in timstantaneous recognition of nameable odours.

One important aspects to be considered here isttrenains still unclear whether olfactory anduabk
or verbal memory share, at least up to a certatenéxthe same neural architecture and have similar
characteristics. Answering to this question is vetgvant from both a theoretical and applied pointiew.

As far as the latter is concerned, one might hyggitfe that if olfactory memory is less compromiteth
visual or verbal memory in brain damaged patieotiactory cues might be used as aids to remember
relevant information or to perform important acgon

Here in Study 1 we compared olfactory and visuamwwy for brief time periods using a single
probe serial recognition recall task. In Study @stéad we compared the performances in memory
recognition of nameable and hard to name odourdrief and long time periods by means a recognition
task. Importantly, in all studies was used the saateof olfactory stimuli previously tested regagltheir

degree of nameability and familiarity.

2. Study 1

2.1 Experiment 1

2.1.1 Participants

Seventeen participants, with a mean age of 20.%28syéSD = 2.03, 14 female), took part in
Experiment 1; they were graduate and undergradstidents and received course credits for their
participation in the study. All the participantsvgawritten consent prior to their participation. €Th
Experiment described here were performed in acooelavith the ethical standards laid down in the&00

Declaration of Helsinki and approved from the loetilical committee. People who claimed to be adéct
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by any olfactory or taste dysfunction, as well asgie suffering from cold or flu were excluded frtaking

part in the experiment.

2.1.2 Stimuli

54 olfactory stimuli were used. The stimuli wer&eta from Le Nez du Vin® wine taster kit (i.e.,
Jean Lenoir Editions, Carnoux-en-Provence, FR) dindled into five categories: fruit, floral, vegéta
animal and smoked aromas (see Fig. 32). The odwenes rated with respect to their level of familia@and
on how easily they could be named by people inegipus pre test experiment. The nameable odouis use
in this Experiment 1were: lemon, cinnamon, coffiérice, strawberry, vanilla, pear, mushroom,velp
raspberry, pine, peach, leather, caramel, quinemarm, hay. Six stimuli were selected as namable
distractors odours: orange, chocolate, saffromelippepper, smoked. The first 18 olfactory stinwugdire
selected in order to be as much nameable as peasailol to ensure that in all the three series ofsike
odours used in the Experiment all the categorieshef kit were represented at least once.. The nine
distractors odours were selected to belong todheescategory of every odour probe within the thiste of
olfactory stimuli presented to participants durthg encoding phase of the experiment and also@bdkis

of their degree of nameability. Every odor was aored in a small glass bottle.

2.1.3 Procedure

The procedure consisted in a single probe sercgr@tion task. The study was conducted in an
experimental booth fitted with a laptop (screerohaétson: 1024x768 pixels, refresh rate: 60 Hz) poeied
on a desk directly in front of the participants.eTparticipants were blindfolded and sat comfortaintya
chair, approximately 60 cm away from the laptopesor The experimenter sat in front of the participa
with the odours bottle hidden from their view. Dwyithe test, a sequence of six bottles contairtieg t
olfactory stimuli were sequentially placed at ab@im under the nostrils of the participant by the
experimenter and kept on that position for abose&onds with a 5-second interval from each othethé&
end of the presentation of the six olfactory stirtiué participants were informed that the next ifenesented
was the odour probe. Participants, after smellimglast odour were allowed to remove the blindfotan

their eyes and to assess if that stimulus was puely presented within the lists of olfactory stlimar not.
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They were required only to respond ‘yes’ (stimybusviously presented), or ‘not’ (stimulus not presel
before) by pressing a key on a PC keyboard Theepradis selected among the stimuli presented only in
position 1, 3 or 6 of the odour sequence. The semueresented in the encoding phase of the expetrime
were three and were formed by using 18 differemewble odours. The distractor odours were in ttal
Each trial was separated from the next by a rdaetial of two minutes. Each target and distracious
were presented 3 times for each position of theetlists for a total of 18 (2 odours x 3 repetition3 odours
lists) olfactory stimuli to be compared. The odowithin the three series were partially randomizeath as
that items in position 1, 3 and 6 of the threeslisiere always presented in the same position, witige
corresponding distractors were randomized accorttintpeir respective target odour across the thste
The use of this procedure was forced by the fattdhly a relatively small number of nameable odauvere
available for the experiment. For every particigatihe presentation order of the 3 different otiactlists
was counterbalanced according to the 18 presensatioreover, the order of presentation of therenti
experiment was completely counterbalanced acragigipants. Experiment 1 lasted for approximatedy-5
60 min. This duration comprises an initial overvi®el the experimental setup, the explanation of the
instructions, the explanation and signature ofettiécal forms and a final 10-15 min of debriefiegarding
the main aims of the experiment. The experimentatgdure was carry out by means the scientificrsk

E-Prime 2.0.

2.1.4 Results

The mean of participant’s correct responses tmHlaetory target in the three different positiafs
the item lists, were submitted to a univariate ANOWvith ‘odour position’ in the lists as independen
variable. The results of the analysis revealedyaifstant main effect of the target odour positiarthe lists
[F(2,99) = 3.84p = 0.03]. A Newman-Keuls post-hoc test revealet tharticipants performed better for

stimuli presented in position 3, as compared tdtjposl (p = 0.04) and position (= 0.023) (see Fig. 28).

100



Proportion of correct  Correct Recogniton of Nameable Target Odours
recognitions plus Odours Ditractors
* 1 1 *
1000 - I VI 1

0,800 - T
0,600 -
0,400 -

0,200 A

0,000 T T 1
Position1 Position 2 Position 6

Figure 28 — Participants’ means of the correct recognitiomafeable target odours plus distractor odoursers&s represent

Newman-Keuls significant differences at p < .05

2.2 Experiment 2

2.2.1 Participants

Seventeen participants, with a mean age of 21 y8&s 2.52) all female, took part in Experiment
1; they were graduate and undergraduate studedtsearived course credits for their participatiorthe
study. All the participants gave written conseribipto their participation. The Experiment descdldeere
were performed in accordance with the ethical stedgllaid down in the 2008 Declaration of Helsiakd
approved from the local ethical committee. Peopl® wlaimed to be affected by any olfactory or taste

dysfunctions, as well as, people suffering frondam flu were excluded from taking part in the eckpent.

2.2.2 Stimuli

Eighteen ‘hard to name’ olfactory targets and miistractor stimuli were selected from to Le Nez du
Vin® wine taster kit (i.e., Jean Lenoir Editionsar@oux-en-Provence, FR). Just as in experimenhel, t
odours were rated with respect to their level afifearity and on how hardly they could be namedpepple
in a previous pre-test. The hard to name odourgvetrerry, green pepper, blackcurrant bud, lintdeyme,
grapefruit, Muscat, walnut, cedar, apricot, acabiackcurrant, blueberry, violet, truffle, hawthordry

prune. The six hard to name distractors odours :vikaekberry, dregs, lychee, butter, toasted almangsk.
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The first 18 olfactory stimuli were selected to‘as difficult as possible’ to be named and to eeghat in

all the three series of the six odours used in Expnt 2 all the categories of the kit were presdrdt least
once. The six hard to name distractors odours welected to belong to the same category of eachrodo
probe within the three lists of olfactory stimuliegented to participants during the encoding plohtkee
experiment and on the basis of their degree of eaaitity. Each odor was contained in a small glasttie

just as in Experiment 1.

2.2.3 Procedure

Exactly the same procedures as those used in Experil were adopted with the only exception

that the stimuli used were hard to name odours.

2.2.4 Results

The participant’s means of correct responsesddaiyget stimulus (correct recognition of targed an
rejection of distractor) were submitted to a unate ANOVA with odours position in the lists as
independent variable. The results of the analysiealed a significant main effect of the odour posiin
the list [F(2,99) = 5.67p = 0.005]. A Newman-Keuls post-hoc test revealed the participants performed
worse in the recognition of odours in position &,campared to the odours in positionp3=0.01) or in

position 6 p = 0.01) (see Fig. 29).

Correct Recognition of Hard to Name Target Odours

plus Odours Distractors
Proportion of correct

recognition * I
f |

1,000 - —

0,800 -

HH

0,600 -
0,400 -

0,200 -

0,000

Position 1 Position 3 Position 6

Figure 29 — Participants’ means of the correct recognitiomafd to name target odours plus distractor oddAsterisks represent

Newman-Keuls significant differences at p < .05
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The participant’'s means of the performance in #r&abkrecognition of the odours in Experiment 1
and 2 were compared by means of mixed repeatedunesa&ANOVA with Odour Group and odour Position
as factors. The results of the analysis revealadraficant main effect of Odour Position [F(2,665.58,p
= 0.01] and a significant interaction between OdBGuoup and Odour Position [F(2,66) = 4.@6= 0.01].

The main effect of Odour Group did not revealed aignificant effect [F(1,33) = 0.81p = 0.37]. A
Newman—Keuls post hoc test on the interaction betm@dour Group and Odour Position showed a better
performance in the recognition of the nameable ucglaas compared to the hard to name odques@.05)
(see Fig. 30). A Newman-Keuls post hoc test ondfiect of Odour Group revealed that, in general,
nameable and hard to name odours in position hefitem lists are better recognised, as compared to

nameable and hard to name odours in positiontieotem lists§ = 0.004).

Serial Position effect of Nameable and Hard To

Proportion of correct! Name Odours plus Odours Distractors
recognition
. *
1,000 7 !
0,800 -
0,600 -
0,400 -
0,200 -
0,000 -
P1 P3 P6 P1 P3 P6
Odori denominabili Odori difficilmente denominabili

Figure 30 — Participants’ means of the correct recognitiomaimeable and hard to name target odours plusadistrodours in
postion 1, 3, 6. Asterisk represgnt .05

2.3 General discussion and conclusion

The results of Experiment 1 revealed that in tinglsi probe serial recognition of nameable odours ,
the target items presented in the middle of theiece (position 3) were remember better than thosee
beginning (position 1) and at the end (positiom®Bihe list. To our knowledge, none of the previsumilar

experiment with odours, resulted in such a kingh@fformance. This is an intriguing result, sinceegally
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the literature of visual and verbal memory showat tthe items in the middle of a series are those
remembered worse. Reed (2000) in a series of fperénents investigate olfactory serial positiofeefs

by means of a two alternative forced choice (2AR&k. The author used different retention intervals
between the odours presentation and odours testrddults demonstrated in all experiments an emanc
recognition for the odours presented at the beggaind at the end of the list, as compared to doirs in

the middle for the condition with 3s retention ivi@. Moreover, the presence of articulatory supgian,

did not show any effect on serial position recagnitHowever, very few other studies were able=fdicate
both primacy and recency effects in olfactory dgpi@sition tasks. In fact, Lawless and Cain (19@Bj
Gabassi e Zanuttini (1983) did not found any sgy@dition effect in their experiment. Neverthelegsss
worth noting that Gabassi e Zanuttini used longnbn intervals between the presentation and rétog

of the odours (10 min). More recently, Johnson liids (2009), by means an olfactory serial positiecall
task in which participants had to state verbally gwosition of the probe in the previously presetitsdof
odours, did not observed any serial effect on gigdnt's memory performance. Instead, Annette and
Lorimer (1995) used two memory tasks (recall anmbgaition) with and without verbal elaboration. The
authors demonstrated recency olfactory effectdlitha experimental conditions and a primacy effealy
when the task required a verbal processing ofttheil. White and Treisman (1997), also found aieef of

recency without primacy.

It is possible that the uncommon result obtainetha present experiment were due to the higher
nameability of the olfactory stimuli used, or teetkpecific timing of stimulus presentation. In faitte
processing of nameable odours is in agreement twéhuse of both a verbal and a perceptual encoding,
according to the dual coding theory of Paivio (19&8ternatively, it is possible that the lack opamacy
effect was caused by the presence of ‘bottlentEt’ made more difficult the passage of the mnésdzes
of the first stimuli presented from short to lomgrh memory. Such hypothesis might be in agreeméht w
the olfactory-centered unitary memory model by Whinhd colleagues (White, 2009; Wilson & Stevenson,
2006) in which odours memory is conceptualized asmigue continuum (i.e., without a clear distinaotio
between STM and LTM). In fact, the model preditiattan increasing number of odours to be remembered
affects memory due to an increase in the probwglthiat the essences presented share similar ceasécs.

This similarity makes more difficult the encoding@e of the stimuli for both short and long termnmoey
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tasks. By contrast, the recognition of the odoupadsition 6 may have been rendered more difficylthe

high cognitive load involved in remembering threea odours positions in a list of 6 stimuli.

The data analysis of Experiment 2 showed that ttandme odours recognition presented in position
1 was worse than for the recognition of odoursgmtsd in position 3 and 6. In such a conditioncemey
effect, just as in Annett and Lorimer (1995) andiMland Treisman (1997) studies was found. Intrigly,
again the odours presented in position 3 gavetoisehigher performance, since were better recedrisan
odours in position 1. These results might be adghen consequence of the specific timing used in the
experiment, or, as already mentioned for nameablgurs, might depend on the specific structure of
olfactory memory. Instead, the recency effect foaadld be related to the fact that the processirwa to
name odours, did not involve the verbal encodinghef stimuli (the attempt to use a verbal strategi
namable odours could have impaired the sensornngaifithe stimulus as compared to the conditionreshe

hard to name odours were presented).

The comparison between the results of Experimeand Experiment 2 revealed that participants
recognised better the nameable odours in positioaslcompared to hard to name odours in the same
position. It is likely that these differences degiemn the double encoding of nameable odours (varizh
perceptual; this result would seem to suggest ttietparticipants adopted a verbal rather than paraé

coding strategy (see Paivio, 1986).

The study reported here and their comparison with éxtant literature clearly demonstrate that
olfactory serial recognition data are highly com&nsial. In particular, different results seem &dollected
as a function of the kind of task used (2AFC, snglobe serial recognition, delayed-match-to-sanfpie
recall), of the odours presentation time and of ristention interval timing (Annette and Lorimer,9859
Johnson and Miles, 2009; Reed, 200; White and maais 1997). Another crucial issue in the extant
literature concerns the nature of the odorants,usdect in every experimental design differenbods were
used, making even more difficult a comparison efrisults. Other studies will certainly need toradsd the

most problematic aspects responsible for the cstimigaresults in olfactory memory studies.
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3. Study 2

3.1 Participants

Eighteen in part undergraduate and graduate stwd#nBicocca University and in part volunteer
recruited by means of leaflet and social netwonkihe city of Milano with a mean age of 31.39 yd&B =
14.24, 13 female), took part in the experiment. vdrsity students received course credits for their
participation in the study. The experiments desttibere were performed in accordance with the athic

standards laid down in the 2008 Declaration of iHklsand approved from the local ethical committee.

3.2 Stimuli

Ten target nameable odours and ten target handrtee odours, plus ten nameable and ten hard to
name odours distractors belonging_®Nez du Vifi wine taster kit (i.e., Jean Lenoir Editions, Camen-
Provence, FR) were selected on the basis of eegtexhd used in the experimental design. The tereable
odours were: lemon, cinnamon, licorice, coffeenge banana, strawberry, almond, caramel ,mushroom;
the ten nameable distractors were: pear, vanilkve¢c chocolate, peach, ananas, raspberry, quioasted
hazelnut, pine. The ten hard to name odours wdaekturrant bud, musk, violet, cherry, cedar, butte
hawthorn, muscat, dregs, blackcurrant; the ten tarchme distractors were: thyme, truffle, acaajajcot,

linden, green pepper, walnut, prune, blackbernyebérry.

3.3 Procedure

The procedure followed a within-participant desigrhe experiment consisted in an olfactory
recognition task of nameable and hard to name a&dpilus odours distractors. The participants were
blindfolded and sat comfortably on a chair at &kdedront of the experimenter. The experimentakpigm
was divided in two different sessions separatedrbinterval of seven days. In the first sessionpdmadigm
consisted of two experimental conditions in whialo tdifferent kind of olfactory stimuli (nameable mds
and hard to name odours parts) were administer@dryEcondition consisted of two parts: odours
presentation/encoding of the ten target odours @ihmlir recognition of the ten target odours plus the

distractors. The experiment started in the encogimgse with the presentation of the ten target edfmr
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about 3 sec under the participant’s nostrils. Afteretention interval of 1 min a random list of tanget
odours plus ten distractors were represented tgdngcipant nostrils. People task was establishefich
odorants if it was presented among the ten targeérees smelled before. The participant's responses
consisted in verbally pronouncing the word yes @rThe response was collected by the experimenser t
five minutes of rest were left to the participanédter this time of the remaining target odours ever
presented with the same procedure. The secondseassthe experiment took place seven days latédr wi
the same group of participants. In this part of éx@eriment participants were only presented whid t
olfactory target and distractors lists (the samgets presented in the encoding phase of thestasdion and
new distractors). Immediately after the presentatb each target odours or distractors, people have
determine if the stimulus was presented or nohedncoding phase of the first session of the é@xpat
seven days before. The procedure was similar toett@gnition phase of the first session both faneable
than hard to name odours. The presentation orddhefolfactory stimuli in the encoding and in the
recognition phase was completely randomized amanticipants. The experiments lasted for approxifgate
30-40 min in the first session and about 20-25 mirthe second session. The total duration of the
experiment was approximately 55-60 min. People athoned to be affected by any olfactory dysfuncsion

as well as people suffering from cold or flu wexeladed from taking part in the experiment.

3.4 Results

The mean participant’s correct responses to theenhle and hard to name odours to the two
different sessions (1 min after the presentatiod afier 7 days) (see Fig. 31) were submitted to a
multivariate ANOVA with odours nameability (nameabhard to name olfactory stimuli) and temporal
delay (1 min, 7 days) as factors. The analysisaledea significant main effect of temporal delayl[g7) =
4.29,p = 0.05]. The main effect of odours nameabilityl[A({/) = 2.30p = 0.15] and the interaction between

odours nameability and temporal delay [F(1,17)E6]p = 0.30] did not showed any significant effect.

A Newman—Keuls post hoc test on the significantnnedfect of temporal delay showed that, in
general, all the odours were better recognised aftein of temporal delay, as compared to 7 days of

temporal delayg = 0.05) (see Fig. 32).
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Figure 31— On the left the averages of the correct targeucarecognition in different temporal delay betwegesentation and
recognition: nameable 1 min M = 6.78; hard to ndnmein M = 6.06; nameable 7 days M = 5.72; hardame 7 days M = 5.61

N. of correct Recognition of Nameable plus Hard to Name Target
recognitions Odours 1 min - 7 Days
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[ \

Recognition 1 min Recogniton 7 days

Figure 32— The comparison of the averages of the targetsdeaognition of nameable plus hard to name odeiths1 min or 7
days of interval between presentation and recagnifNlameable odours M= 6.42; hard to name odour&M# Asterisks represent

significant differences ai < .05

3.5 General discussion and conclusion

The results of the odour recognition task for skemtl long term time intervals showed that in
general, participants performed better after 1 ragcompared to 7 days of delay between targettim
encoding and the test phase. This result would ¢eesuggest that there is a decay of the memocg tod

olfactory stimuli after 7 days from stimulus presgion, just as it occurs from other forms of meynor
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Importantly, however we found a lack of differendmtween performances obtained with namable odours
and with hard to name odours. That is, this resolild seem to suggest that linguistic processinthef
nameable olfactory stimuli does not contributenipliove their retention. Such a result is in agredgmeth
previous works that demonstrated as the verbaldngoof olfactory stimuli do not improve memory for
odours or odours processing (Engen & Ross, 1978ldss & Cain, 1975; Herz, 2000; Richardson & Zucco,
1989; Royet and Plailly, 2004; Wilson and Steven2®®3). However, others studies showed that theaVe
encoding of the olfactory stimuli enhance theirgdarm recognition (Jehl et al., 1997; Lyman & MciBs,
1986). These incongruences in results are a tyfaafiire of olfactory memory research for both shwan
long term time intervals and depend mainly by tlegrde of nameability of the odours used during the
studies. Interestingly, the results of our previpukescribed experiment on STM for olfactory stimuging

a serial position task showed that the presentaifomameable and hard to name odours lead to eifter
performances, while those of our latter study shbthe lack of such difference. This observationhhige
taken to suggest that the coding strategy of afgcstimuli can vary as a function of the task ® b

performed.

Regarding the results of olfactory long term ratemfor both nameable and hard to name odours the
performances resulted to be worse with respechase reported in previous experiments. In particula
previous studies demonstrated that a wide numbdevdarants can be remembered for long periodsnué.ti
For example, Engen and Ross (1973) found that pgopl average) recognise 70% of 48 odours aftiene t
interval of 30 days, while the 75% of 24 odoraneswecognised after 4 months (Lawless, 1978), {sagie
the 75% of 22 odours was recognised after 28 dagwsléss and Cain, 1975). In the present experirett
nameable than hard to name odours were recogniged\80% of accuracy by participants, even if ské
used was significantly smaller with respect thedibry stimuli of the above mentioned studies. Onhthe
possible explanations for this finding, is thatffetiently from other studies in this field, the tiégtors
odours of Experiment 3 (both for nameable than handame odours) were matched to the target olfacto
stimuli according to their category (fruity, floramoked, etc.). Therefore, it is possible, asaalyeshown by
Engen and Ross (1973), that the use of similar imdas distractors, significantly impaired targeburs

recognition.
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CHAPTERVII

THE DIFFERENCE3N OLFACTORY AND VISUO-VERBAL MEMORY IN
PROBABLEALZHEIMER'S DISEASEPATIENTS
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1. Introduction

Alzheimer's disease (AD) symptoms are charactkbyememory deficits, in particular regarding the
encoding of new information. Impairments in theadgnts are caused by the atrophy of the medigboeah
lobe structures, specifically the hippocampus (§@ar Esiri, Hiorns, Wilcock & Powell, 1985; Schreet
Stein, Maslowski, Neumann, 2009; Sperling, Dickardeihlajamaki, Vannini, LaViolette, Vitolo, Hedden
Becker, Rentz, Selkoe, Johnson, 2010). As farasigual and verbal modality are concerned, Kawas. e
(2003) investigated whether the long-term defidiisind in these cognitive domains can predict the
development of AD decades later. The study was uced by means of the analysis of the Benton Visual
Retention Test (BVRT) and the Wechsler Adult Ingelhce Scale—vocabulary (WAIS-voc) scores, exthcte
from the Baltimore Longitudinal Study of Aging (BB$ The authors demonstrated that a high number of
errors in the BVRT (six or more errors) is assaatvith a doubled risk of AD up to 15 years law&fhile,

WAIS-voc scores did not showed any significant aeigin with AD risk.

Olfactory deficits are a relevant expression oZzh&imer's disease (i.e., detection sensitivity,
discrimination, identification, and memory) (DoB8003). Recently, it has been proposed that, silyitar
Parkinson’s diseaseBéba, Kikuchi, Hirayama, Nishio, Hosokai, Kannoadt 2012)also AD olfactory
symptoms could represent an early marker of thérgyne (Atanasova, Graux, EI-Hage, Hommet, Camus,
Belzung, 2008; Djordjevic, Jones-Gotman, De SoGéeertkow, 2008; Naudin, Mondon, El-Hage, Desmidt,
Jaafari, Belzung, Gaillarda, Hommeta, Atanasovd42®erby, Mohan, Aryan, Williams, Mohs, Davis,

1996; Zucco & Negrin, 1994).

A problem concerning the early olfactory impairrgeim AD is to identify its onset, and to establish
if olfactory deficits were present before the begng of the clinical symptoms. This question is ticated
by the fact that the olfactory decline is a commageing related event (Pinto, Wroblewski, Kern, $ainy
& McClintock, 2015). Djordjevic et al. (2008) invé&gated these issues by means several tasks (odour
detection thresholds, quality discrimination, addntification) administered to three different ggeuAD,
mild cognitive impairment (MCI) and normal eldedgntrol. The results showed that the olfactory aitfi

which would appear before the clinical symptom#\D are: a higher detection threshold and an implaire
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identification of odours. Moreover, odours perceptability in AD patients continues to decline thgbout

the entire course of the disease.

It is important to highlight here as the reseamchearly olfactory deficit in AD do not take into
account the unresolved debate regarding odours nyeamohitecture and functioning. Consequentlysit i
difficult to define which specific olfactory funcins and structures are first damaged during the pre
symptomatic stage of AD. Furthermore, in the largest of previous studies only odours identifioatand
detection were considered the prodromal symptomthefearly olfactory decline in AD (Albers, Tabert,
Devanand, 2006; Doty, 2008; see Mesholam, MobemhiriDoty, 1998 for a meta-analysis of 42 studies).
However, odour identification is heavily based de tinguistic ability to associate a verbal labelthe
essence. In particular, Westervelt, Somerville,f®af and Tremont, (2005) found a stronger corretat
between language and odour identification in oldelults. Hence, by means the use of an odour
identification test (where the odour needs to bmed), it might be easier to get poor performanttes are

only related to the verbal abilities of the patgemather than to an impairment of the olfactorstem itself.

The first two experiments of the present studyesiigated olfactory and visual memory recognition
for different brief period of time (1 min, 3 min, rhin under articulatory suppression) in three défe
groups: probable Alzheimer disease patients, glaerlirologically unimpaired, graduate and undenggée
students. The last two experiments assessed thediata identification of olfactory and visual stiin@The
aim of the first part of the experimental paradigias to adopt a recognition task that, accordingrigen
(1987), does not require the verbal naming of tmauwi. A further objective of the first part oféhstudy was
to compare the results obtained by the three exgetial groups, in order to assess the differentdbe
decline of both olfactory and visual recognitiorAD patients, unpaired elderly and a normal congrolup.
The general aim of the study was contribute tordasggle the question related to an early involvenoén

olfactory system deficits in AD patients.
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2. Experiment 1

2.1.Participants

Sixty-six participants divided into three equal goe took part in Experiment 1; Group 1 was
composed by graduate and undergraduate studentstedcat the University of Milano Bicocca and ygun
adults recruited through social networks (N= 22amage of 31.18 yea&D = 11.41, 14 female). Graduate
and undergraduate students received course crisdittheir participation in the study. Group 2 was
composed by twenty-two elderly participants livimyMilan and Bolzano city areas with a mean age of
69.73 years 3D = 5.40, 15 female), recruited by means of socidvaks. Group 3 was composed by
twenty-two patients affected by Alzheimer's dised8®) with a mean age of 85.78D = 85.73, 17
female). The patients were recruited at the resieléAgostoni’ in Lissone, ltaly, at the Memory Gtnof
the Geriatric Ward of Bolzano Central Hospital dxyydmeans of social networks in Milan. The Experitnen
described here was performed in accordance witlettiieal standards laid down in the 2008 Declanatib
Helsinki and approved from the local ethical contesit The selection criteria for the inclusion of AD
patients in the experimental group was a seo2d to the Mini Mental State Evaluation (MMSE) testh a
mean of 18.908D = 3.7). The patients' scores to MMSE ranged frdnidl24. People who claimed to be
affected by any olfactory or taste dysfunctionwadl as people suffering from cold or flu, were lexted

from the experiment.

2.2. Stimuli

54 olfactory stimuli belonging the Nez du Vifi wine taster kit (i.e., Jean Lenoir Editions, Cammen-
Provence, FR) were used in the experimental deSige.stimuli adopted were taken from five categorie
fruit, floral, vegetal, animal and smoked aromas.

The olfactory stimuli were randomly assigned to tegquals groups consisting of 15 targets and 15
distractors. The targets were: melon, acacia, eyt leather, coffee, lychee, linden, pine, cedaasted
hazelnut, blackcurrant, honey, cinnamon, toasteddyrmuscat, pine. The distractors were: pear,Huamt

truffle, musk, almond, strawberry, violet, clovégokice, orange, rose, green pepper, smoked, cherry
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chocolate, (see Fig. 33). The odours of the kitemeted with respect to their level of familiarignd
nameability in a pre-test experiment. A t-test parfed to compare the nameability and the familiarit
degree of the two groups of stimuli did not showaeg significant difference. Every odour was corgdim

a small glass bottle.

gguuunul
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Figure 33— The olfactory stimuli belonging to Le Nez du Vin@ne taster kit

2.3.Procedure

A pre-test was administered to avoid the recruitnoémnosmic or hyposmic individuals, as well as,
to avoid medical conditions that reduce olfactoapabilities (e.g., cold or flu). None of the papants
showed any problem in odour recognition.

The experimental procedure followed a between-gpents design and consisted in an odour
recognition task. The study was conducted in aredxgntal booth with the student control grouptheir
home in a quiet place with the elderly group, altdraatively in their private room at the Lissortesker
residence, in a study of the Bolzano Hospital draahe with the AD patients.

The participants sat comfortably on a chair atskde front to the experimenter and had to asddbg i
odour presented after a time interval was the sasnthe previous one. The bottles with the odounse we
placed at about 3 cm under the nostrils of theigipaint by the experimenter and kept on that parsifor
about 5 seconds. The test included 30 olfactomgudtiand was divided in three experimental blockstie

basis of the different temporal delay between dtisipresentation (retention phase) and the to-bésated
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odour (recognition phase). Every block was formed ® stimuli (5 target odours and 5 distractorq)ribg
the recognition phase, every target odour was ptedeonce with the same stimulus administered én th
retention phase and once with the correspondemadisr. In the first block, the temporal delayvibetn the
presentation of the target odour and the to-beuatedl odour was 1 minute; in the second 3 minutetie
third 1 minute under articulatory suppression (pgrants repeated aloud the non-wdid, bla, bla,during

all the temporal delay (Baddeley, 1983). In evexpezimental block five olfactory target stimuli veer
presented twice during the retention phase, whiléhe recognition phase both the five target oddhan
the five distractors were presented one time. Titer trial interval of the first experimental blaclvas set at

2 min. Each block was separated by an interval wirb Each of the five target odours was admingste?
times in the first presentation of the three experital blocks and 1 times in the recognition phafsie
three experimental blocks, each of the five distraodours were administered 1 times in the redagni
phase of the three experimental blocks for a tota&0 olfactory stimuli to be evaluated. The ADipats
were tested in three different sessions, one foh experimental block in order to reduce their aiffay
fatigue. The AD patients were tested in differeesssons of the same morning, or in different days
depending on their level of attention and bored®he investigator recorded the participants' respeas a
sheet of paper. The presentation of the olfacttiniusi was completely randomized both for targetlan
matched odours. That is, the order of the stimihiaistered during the retention and the recogniibase
was completely different for every participants pesiment 1 lasted for approximately 65—-75 min aras w
administered in the same session as Experimerti€efitire experimental session lasted approximathy
145 min, this duration comprises an initial ovewief the experimental setup, the explanation of the
instructions, the explanation and signature ofettiécal forms and a final 10-15 min of debriefiegarding

the main aims of the experiments.

2.4. Results

The participant’'s means response to the odour réthog task (correct target identification and emtr
recognition of distractors) were submitted to a edixepeated measures ANOVA with Temporal Delay as

within factor and Group as between factor. Theltesaf the analysis revealed a significant maireetffof
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Group [F(2,63) = 40.8(Q < 0.0001] and of Temporal Delay [F(2,126) = 20@5,0.0001]. The interactions
between these factors also resulted to be signifi€g4,126) = 3.16p = 0.02]

A Bonferroni post hoc test on the main effect ob@®r revealed that the overall performance of the
control students was better than that of the gldmtticipantsf = 0.003) and AD patient < 0.0001), and
the overall performance of the elderly group wattelbethan that of the AD patientp & 0.0001). A
Bonferroni post hoc test on the main effect of TerapDelay demonstrated that in general, all pigpaicts
performed worse in the 3 min interval condition,casnpared to the 1 min interval conditign< 0.0001)

and in the 1 min interval condition with articulatsuppressionp(< 0.0001).

N. of correct Odour/Distractor Recognition - 1 min
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Figure 34 — A The participants’ mean of odour target plustrditor with 1 min of delay between stimulus préagon and

recognition Asterisks represent significant differencep at.001

A Bonferroni post hoc test on the interaction betwd&emporal Delay and Group showed that in the 1
min interval condition between olfactory targetrsilus presentation and odour recognition AD pasient
recognised significantly less odours than contratients jp < 0.0001) (see Fig. 34A); in the 3 min interval
condition AD patients performed worse than constoldents § < 0.0001) and elderlyp(= 0.01) (see Fig.
34B); in the 1 min interval conditions with artietbry suppression, AD patients performed worse than

control studentsp(< 0.0001) ), and elderlyp(E 0.04 (see Fig.34C).
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Figure 34 — B The participants’ mean of odour target plusrdegor with 3 min of delay between stimulus preaganh and

recognition Asterisks represent significant differences gt:<.05; ** p < .001
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Figure 34 — C The participants’ mean of odour target plusraésor with 1 min of delay and articulatory supgieas between
stimulus presentation and recognition. Asterisksesent significant differences atp* .05; *** p <.0001

3. Experiment 2

3.1 Participants

The same Sixty-six participants of Experiment lktpart in Experiment 2.
Experiment 2 lasted as Experiment 1 for approxiipa®®—75 min and was administered in the same

session.
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3.2. Stimuli

The stimuli consisted of thirty cards belonging lte Nez du Vifi wine taster kit and visually
representing the odours used in Experiment 1. kamele, the card that corresponds to the odouerabh

shows a lemon illustration (see Fig. 32).

3.3. Procedure

The procedure followed a between-participants aeaigl consisted in a delayed figure recognitiok. tas

Exactly the same procedures as those used in Exgetril were adopted in Experiment 2.

3.4. Results

The participant’s means response to the figuregmition task (correct target identification and reat
recognition of distractors) were submitted to aedixepeated measures ANOVA with Temporal Delay as
within factor and Group as between factor. Theltegsavealed a significant main effect of Group2/6@) =
62.83,p < 0.0001), Temporal Delay [F(2,126) = 22.@9< 0.0001], and a significant interaction between

Group and Temporal Delay [F(4,126) = 7.p%; 0.0001].

Figure/Distractor Recognition - 1 min
N. of correct
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Figure 35 — A The participants’ mean of figure target plustdictor with 1 min of delay between stimulus pnéston and
recognition. Asterisks represent significant diéfeces at: p < .05; **p < .001

A Bonferroni post hoc test on the main effect ob@r revealed that the overall performance of the

Alzheimer patients group was worse than eldedy=(0.0001) and control studentp € 0.0001). A
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Bonferroni post hoc test on the main effect of TerapDelay demonstrated that in general, all pigpaicts
committed significantly more errors in the 3-mirpekmental condition, as compared to the 1-min ¢and
(p < 0.0001) and 1 min with articulatory suppresgjor 0.004).

A Bonferroni post hoc test on the interaction betw&roup and Temporal Delay showed that in the 1-
min experimental condition AD patients’ performangas lower than control students’ performanpe<(
0.0001) and elderly group’s performancp <(0.002) (see Fig. 35A); in the 3-min experimemtanhdition,

AD patients performed worse than control studentsig o < 0.0001), and the elderly group € 0.0001)
(see Fig. 35B); performed better in the 1-min pdusculatory suppression experimental condition, AD
patients committed significantly more errors thantcool studentsp < 0.0001) and elderlyp(< 0.001) (see
Fig. 35C).

Figure/Distractor Recognition - 3 min

N. of correct

| * %
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Figure 35— B The participants’ mean of figure target plustmictor with 3 min of delay between stimulus présgon and

recognition. Asterisks represent significant difeces atp < .001

Figure/Distractor Recognition - 1 min with
Articulatory Suppression
N. of correct . %
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Figure 35— C The participants’ mean of figure target andrditor with 1 min of delay plus articulatory suggsion between

stimulus presentation and recognition. Asterisksagent significant differences at: *< .001; *** p <.0001

4. Experiment 3

4.1. Participants

Sixty-six participants divided into three equal gps took part in Experiment 3; Group 1 was composed
by graduate and undergraduate students from Uitiyen$ Milano Bicocca and voluntary randomly
recruited by means of social network in the cityvifan, in total twenty-two with a mean age of Zbyears
(SD=7.31, 14 female). Graduate and undergraduatiestsi received course credits for their particgrain
the study. Group 2 was composed by twenty-two Bldearticipants (over 65 years) with a mean age of
71.23 years§D= 6.45, 14 female), recruited by means of soaalork. Group 3 was composed by twenty-
two participants affected by Alzheimer disease vétimean age of 82.55 yeaS[(= 6.88, 15 female),
participants were recruited at Protected Core efdielter residence ‘Agostoni’ located in Lissonarall
city near Milano, at the Memory Clinic of the Géria Ward of the Bolzano Central Hospital and byame
of social network in the city of Milan. Particip&tinclusion criteria for AD patients were the sawfe
Experiment 1 and 2. The patients' scores to MMSiged from 11 to 24. The Experiment described here
was performed in accordance with the ethical statsdiid down in the 2008 Declaration of Helsinkida
approved from the local ethical committee. Peopl® wlaimed to be affected by any olfactory or taste
dysfunctions, as well as people suffering from anidlu were excluded from taking part in the expeEnt.

4.2. Stimuli

The stimuli consisted of fifteen olfactory stimtdiken from toLe Nez du Vifi wine taster kit (i.e., Jean
Lenoir Editions, Carnoux-en-Provence, FR). The oslowsed were: mushroom, cinnamon, strawberry,
butter, pineapple, chocolate, lemon, vanilla, appleney, rose, coffee, banana, orange, licoricaer

odour was contained in a small glass bottle.
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4.2.Procedure

Exactly the same procedures as those used in Expatril were adopted during the pre-test. None
of the participants showed any problem in odouogedtion.

The procedure followed a between-participants aeaigl consisted in an odours denomination task.
The study was conducted in an experimental boathhi® student control group, at their home in agui
place for the elderly group, and alternatively lieit private room at the ‘Agostoni’ shelter residern
Lissone, in a study of the Bolzano Hospital or @ik for the Alzheimer patients group. The partictpasat
comfortably on a chair at a desk in front to thpazimenter and have to repeat aloud the name ajdbar
presented to their nostril. Every odour was heldbatut 3 cm under the participant’s nose for 5 isdsavith
1 min between every odour presentation. The inga&ir recorded the participants' responses onet sie
paper. The olfactory stimuli were administered irsiagle experimental block for a total of 15 odours
presentations and were completely randomized. Expeat 3 lasted for approximately 25-30 min and was
administered in the same session of the Experidehhe entire experimental session lasted apprdeigna
50-60 min, this duration comprises an initial ovew of the experimental setup, the explanationhef t
instructions, the explanation and signature ofettiécal forms and a final 10-15 min of debriefiegarding

the main aims of the experiments.

4.3.Results

The participants’ means of the three experimentaligs (control student, elderly, AD patients) ie th
odour naming task were submitted to an univariaOXA with odour denomination as independent
variable. The results of the analysis revealedgaifstant main effect of group [F(2,63) = 33.§b<
0.0001]. A Bonferroni post-hoc test revealed thamtml student group committed less errors in odour
naming, as compared to elderfy£ 0.025) and AD patientp (< 0.0001), and elderly group committed less

errors in odour denomination than Alzheimer patigp 0.0001) (see Fig. 36).
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Figure 36 - The participants’ mean of odours denomination ie tontrol student, elderly and AD patients groufsterisks

represent significant differences ap *< .05; **p < .001; ** p <.0001

5. Experiment 4

5.1.Participants

The same Sixty-six participants of Experiment ktpart in Experiment 4.

5.2. Stimuli

The fifteen cards with drawn a figure used durimg Experiment 4 belong te Nez du Vifi wine taster
kit (i.e., Jean Lenoir Editions, Carnoux-en-ProwereR) and correspond to the olfactory target dtiomsed

in Experiment 3.

5.3.Procedure

The procedure followed a between-participants aesigd consisted in a figure denomination task.
Exactly the same procedures as those used in Experi3 were adopted in Experiment 4. The temporal
delay between the target figure presentation amdrétognition remained the same as Experiment 3.
Between the beginning of a test and the othemntest left 10 minutes for the participant’s restyemtilate

the room and to prepare the successive experimszitaig.
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5.4.Results

The participants means response to figure denomiméivere submitted to an univariate ANOVA
with odour denomination as independent variable aittd the between subject factor of group (control
student, elderly, Alzheimer patients). The resaftshe analysis revealed a significant main effifogroup
[F(2,63) = 106.61p < 0.0001]. A Bonferroni post-hoc test revealedt thAzheimer patients committed
significantly more errors in figures denominatitwan elderly p < 0.0001) and control studemt € 0.0001)
groups (see Fig. 37).
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Figure 37 - The participants’ mean of figures denomination hie tontrol student, elderly and AD patients groupsterisks

represent significant differences ap ¥ .05; ** p < .001

6. General discussion and conclusion

The result of Experiment 1 showed that in the odeapgnition task with 1 min of delay between
stimulus presentation and test phase, the corttrdent group performed better than the AD patidntshe
condition with 3 min of delay between stimulus gmsition and test phase, both control students and
unpaired elderly participants performed better tAdnpatients. Lastly, the results of the conditieith 1
min of delay plus articulatory suppression betwstimulus presentation and test phase were sinailirdse
of the condition with 3 min of delay.

AD performance in the condition with 1 min of delagtween stimulus presentation and test phase is
certainly an intriguing result. In fact, AD patienperformed just as the elderly neurologically dhta
participants, even if, their results are signifitarworse than those of control students. This rsetirat
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within the time interval of about 1 min AD patienteve a preserved ability (at least compared to
participants of the same age group) to retain métion regarding the specific odour perceived. Tegilt

do not fully agree with Djordjevic et al. (2008udy in which was found that AD performed signifitdgn
worse than normal elderly controls in odour disanation. The inconsistencies between the two studiay
underlie some methodological differences, since, Djordjevic experimental paradigm pairs of
same/different odours that participants had to bwele presented. Then, after 20s they sniffedragaair

of olfactory stimuli that could be the same or with respect the previous pair, and participantstogudge
whether the last two stimuli were identical to grevious two. It is then possible that the discniation task

of our study was slightly easier than that usedgyrdjevic, leading to a better performance of &i@
group.

The results of the comparison between the expetaheonditions with 3 min and 1 min intervals
with articulatory suppression between odours prtesem and recognition, revealed that AD performed
significantly worse than elderly and student cdstrgroups. This result clearly suggest a possible
impairment of olfactory memory in AD for relativelpnger retention intervals. However, an additional
possible explanation for this result is that ADigatis may have lost their focus on the task duting
interval. In fact, Alzheimer’'s disease patientsoatuffer from a decline of attentional capacityttha
especially in early stage of the syndrome, pre¢ckdampairment of the linguistic and perceptualctions
(Baddeley, Baddeley, Bucks, & Wilcock, 2001; seery°& Hodges, 1999 for a detailed review). Noteoals
that, it was demonstrated that Alzheimer’s disqaseents are heavily impaired when have to perftwm
simultaneous tasks (Baddeley et al., 2001).

The worst performance found during articulatorymegsion can be explained by the fact that this
condition prevented the verbal processing and dngodf olfactory stimuli, thus lowering the AD
performance. That is, a more complete (dual) codihthe stimuli was prevented under this conditafn
stimulus presentation. This result clearly sugg#sas olfactory stimuli are coded, also by AD patgeby
using, also a verbal coding strategy.

The data of the Experiment 2 on figure recognisbowed that AD patients performed significantly
worse than students control and elderly groups gt 1 min, 3 min and 1 min intervals with artiatdry

suppression between figures presentation and réeognThese results are in line with previous #sd
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which demonstrated an early impairment of visuainmig before the onset of the clinical symptoms &f A
(Kawas et al., 2003). Importantly, while olfactanemory was similar between AD and elderly partioipa
at 1 min intervals of retention, AD patients pemi@d worse with figure recognition during the same

interval, perhaps suggesting a better memory foumithan images in the first stage of this syndérom

The data obtained in the odours denomination {&stperiment 3) showed that AD patients
identified significantly less odours than contrblidents and elderly groups; moreover, elderly peréa
worse than control students. These results areraengwith previous studies on odour naming (Da603;
Larsson, et al., 1999; Mesholam et al., 1998) dewtally, it is worth noting that odour naming eansidered
a very difficult task also for normal individualkdfig, 1999; Olofsson & Gottfried, 2015; Westervettal.,
2005) This result clearly suggest a greater impaitnm verbal rather than simply perceptual abgitin AD

patients as compared to the other groups.

The results of Experiment 4 revealed that AD pasigoerformed significantly worse than elderly
and control students in the figure identificati@sk. These data are in agreement with previoustiites,
since as demonstrated by Kawas et al. (2003) ADemst can exhibit a severe deficit in figures
denomination up to 15 years before the onset otlinecal symptoms. Instead, the similar performesof
Elderly and control students groups is not sumpgsiin fact, Schmitter-Edgecombe, Vesneski, ancegon
(2000) found that young-old adults (ages 58-74 g)eand old-old adults (ages 75-93 years) performed

similarly to young adults (ages 18-22 years) iriypies naming test (Boston Naming Test).

In conclusion, the results found in the preséundys suggest that a number of previous assumptions
that postulated that olfactory memory deficits esgnt early prodromal symptoms that precede ADtpnse
need to be carefully considered. Since, with respe®mdours recognition in the condition of 1 mih o
retention interval, no significant differences wésand between AD and elderly group in the prestumdy.
This results would seem to suggest that odoursgrétion decline in AD is similar to the olfactory
recognition decline due to normal aging in eldegipup. Such an evidence does not allow to argue tha

olfactory memory deficits can predict with a latgee interval the clinical symptoms of AD.
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The evidence that AD patients would seem to hawe preserved memory of for 1 min odour
retention intervals might be used within applietlisgs, to compensate for others profound amnesticits
of these patients (e.g., by, associating speddiierst odours to particularly relevant tasks. Fatstudies on
olfactory memory in AD should also include condisoin which only nameable or hard to name odowes ar
used, in order to compare the results as a funcfi@ahigh or low probability of the verbal prociessof the

olfactory stimuli.
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CHAPTERVIII
GENERALDISCUSSION
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Discussion

The present doctoral thesis investigates by mehssweral studies different aspects of crossmodal
integration in smell and taste perception as weline@mory for odours. In particular, in ChapterQhapter
Il and Chapter IV evidence suggesting the presarfcembust crossmodal interactions between differen
sensorial aspects of a beverage container and obittent were found. The findings gathered bysthdies
illustrated in Chapter V highlight instead, thabssmodal interactive effects in the chemical sedsesain
can be effectively studied by means of a new geioaraf portable systems that allow for the compaési
control of olfactory stimuli administration. Lastlthe evidences drawn by the studies describechapter
VI reveal as different experimental paradigms amel gtudy of patients affected by Alzheimer disezese
help to unveil the complex characteristics (compgghe duration of the storage and the codingesgjras

adopted by participants) of short and long term wrgnfor odours.

Crossmodal effects in food and beverages peraepdiceived increased attention by psychologists
and neuroscientist only in recent years. In fabe nhumber of studies in this domain has grown
exponentially. Many experimental paradigms haveedato show that taste perception can be diffetiyt
modulated by some characteristics of concurrentggnted signals coming from other sensory moesiliti
(colours, sounds, textures, odours) in the enviemmas well as, by some features of the contaiimers
which food and beverages are served (see Spenda;28pence et al., 2015; Spence & Wan, 2015d for
detailed reviews). In particular, research haveietato debate about the role of odours in tastegpion.
Within this domain it has been postulated thatetastrception is formed by basic tastes (sweet, sall;
bitter), smells, trigeminal, and tactile sensatiamsxtricably united to form a given percept. Theqess
leading to this final percept has been definedflasdur’ perception (Auvray and Spence, 2007; Spenc
2016; Spence et al., 2014). The 3 studies repantechapter I, Ill and IV clearly support the vietivat
several kind of crossmodal effects also occur dutite perception of a liquid such as mineral wdteat is

neutral in term of odours and basic tastes.

Several hypotheses have been suggested to acawutitef multisensory interactions occurring in
different domains of perception, especially whes fisatures of containers have shown to modulateiner

aspects of the content: ‘sensation transferenceder{€ & Piqueras-Fiszman, 2012a), ‘affective
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ventriloquism’ (Spence & Gallace, 2011) or evenletionary pressure (Maga, 1974; Spence et al., 2010
The results reported in our study are in agreemhtmost of these hypotheses and we claim théérdift
explanations are likely to account for differenhditions of stimulus presentation. We also belithag in
the future research should concentrate on betbéatisg the various components of flavour percepiio
order to understand the relative weight of eachpmrent in determining our final perception (a costgl

statistical model of food and beverage informapoocessing needs to be proposed).

Among other findings, in our studies we show that¢olour of a container can affect our perception
of the water presented inside. However, it remainslear which (if one) specific aspect of colouudh
intensity, brilliance, saturation, etc.) contribubee most to determine the modulation of flavoud &ow
these different aspects interact with other charetics of the container (shape, size etc.). Tames
principle should also apply for other studies régmrin this thesis (as well as in the extant litgne).
Moreover, neuroscientific techniques should be usedinderstand the neural bases of this process.
Especially, brain imaging techniques would needb® adopted in order to investigate the specific
involvement of sensory and higher order areas dutire multisensory modulation of food and beverage

perception.

The Study of Chapter V is mainly focused on the efsdifferent olfactory devices in order to assess
crossmodal correspondances in different sensoryahitied. The main issue here is related to the tlaat
while stimulus presentation in some senses retulb® very easy now (see the case of vision, t@unch
hearing) the presentation of odours in a contratbepkerimental setup still represents a greatetaringes. The
control of different olfactory characteristics cée obtained by means of complex devices such as
olfactometers. However, so far these devices rdsulte highly expensive, cumbersome and generally
complex to be used. All of these aspects haveingriémited research on olfaction, and in partaubn the
interaction between olfactory and visual, tactifel aauditory perception. In the present doctorasitheve
used a simple, relatively cheap and small olfacti@yice for addressing the question regarding saisory
interaction in food perception. More specificalllye device described in Chapter V was used to tigags
the interaction among the orthonasal administrafibrough the nostrils) of odours and food and beyes

perception (Auvray and Spence, 2007; Spence 20pénce et al., 2014). Intriguingly, the preliminary
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evidences obtained with such device showed thatirgd@hocolate, citrus or air) orthonasally presdnt
together with food (candies and cracker) can madulze participants perception of food pleasantaesk
sweetness. Interestingly, beverages (Sfritenic water and sparkling mineral water) peraaptilid not
result to be affected by the concurrently presewotéttory stimuli. Importantly, however we demamase
that our device can be successfully used for ogaesentation under conditions of multisensory station.
Moreover, such device is able to effectively dalickemicals that are stored in a solid rather tiguid
form (and thus it helps to reduce the problemsdhaigenerally associated with handling chemicalguid
forms for olfactory experiments) and to convey thdinectly to the nostrils of the participants byane of
an air flow. We are sure that such a device canigeoa positive impulse to the future developmeoits

research in the topics of olfactory perception amdktisensory integration.

Chapter VI and VII deals more specifically witmamber of issues regarding the study of olfactory
memory in humans. In fact, to date, the questiowlwéther memory for odorants is organized in shad
long term components (both functionally and undergrofile of its neural architecture) such ascituws for
other sensory systems, is still controversial (Whit998; White, 2009). Importantly, neuroscientific
literature shows that primary olfactory cortex ey close, from an anatomical point of view to staues of
the limbic system, such as the amygdala and theobgmpus, which are responsible for emotional
processing, as well as for the encoding and stavhtyebe-retained information. This observatiorghtibe
taken to suggest that memory for odours is everemaffective, and more difficult to be damaged, than
memory in other sensory domains (Dade, et al., 28@teken et al., 2003; Royet et al., 2003; Savic &

Berglund, 2000; Seubert et al., 2008; Soudry efall1; Weber & Heuberger, 2008).

In the studies reported in Chapter VI we invesgdashort and long term memory for odours, by
means of different experimental paradigms. In Expent 1 of Study 1 (olfactory single probe serial
position task for nameable odours), we found a EHdhe classic serial position effect for sequanokto-
be-remembered odours (generally found for visudl\arbal presentation of the stimuli). Interestyngle
found that odours presented in the middle of tlugisace gave rise to the best participants’ perfoo@an a
delayed recognition task (that is, no primacy aackncy effects were found; Gabassi & Zanuttini,3198

Reed, 2000; see Miles & Hodder, 2005). In Experinienf Study 1 (olfactory single probe serial piosit
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task for hard to name odours) we found that odpuesented in position 3 and 6 were rememberedrbette
than odour presented in the first position. Thatjust as in Annett and Lorimer (1995) and Whitel an
Treisman (1997) studies, recency, but not primdégces were found. Intriguingly, the performance fo
odours presented in position 3 again was founcetartusually high and similar to that of odours asigion

6. A classic model of STM (responsible for the regeeffect) and LTM (responsible for the primacfeef)

memory cannot be used to support such results.

In Study 2 we found that: 1) olfactory short terramory is affected by certain verbal aspects of the
stimuli (e.g., their nameability), suggesting thhegence of a multimodal representation of olfactimuli;
2) olfactory long term memory is not necessarilieeted by verbal processing or encoding strategies.
fact, we found that performances obtained with resteeand hard to name odours is similar when tballre
occurs after 7 days of retention. Again, also thisult would seem difficult to be interpreted innte of a

classic account of STM and LTM distinction.

In the four experiments reported in Chapter VIl e@mmpared the performance of Alzheimer’s
disease patients, unimpaired elderly and contrmesits groups in three different conditions of méta of
olfactory information. Moreover, we also investigtthe presence of differences between visual and
olfactory memory in these three groups of partieipaThe main aim of the study was to assess whethe
olfactory memory problems arise relatively earlyAD patients, or rather if olfactory memory is leett
preserved as compared to other forms of memorpiggroup of patients. The more interesting result
arise from this study was that AD patients perfansamilarly to unpaired elderly participants in ode
recognition memory under conditions where the siimeeded to be retained for an interval of 1 menut
(i.e., interval between stimulus presentation agxbgnition). On the basis of this result, we sugdjest
previous assumptions which postulate that olfactorgmory deficits may represent early prodromal
symptoms of AD onset, should be considered witlticau/Atanasova et al.2008; Djordjevic et al., 2008
Naudin et al., 2014; Serby et al., 1996; Zucco &iie 1994). Taken together, all of the studiesortgd in
Chapter VI and VII provide important insights oretlssue related to a double coding (Paivio, 1986) o
olfactory stimuli. In particular, it seems that yninder certain conditions of stimulus presentatioml

within certain retention intervals, the presencearbal information (e.g., mediated by verbal laiggbf the
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stimuli) can provide support to the storage of atday material. It is however likely, that otheraamsidered
aspects play an important role in the processibgewing olfactory memory. For example, our redealid

not investigate the impact of the emotional valenfcine olfactory stimuli on stimulus encoding, rsige and
retrieval. This is certainly a topic that deserthes attention of researchers in the future. Thealeaystems
responsible for different aspects of olfactory memoeed also to be further investigated in the ydar

come.

In conclusion, the present work contributes taddight on several aspects of crossmodal interactio
in taste and smell perception. In particular thespnt thesis has contributed to clarify how cerdsipects of
the environment (such as variations of colour, Weay texture of a container or of concurrentlygeneted
odours) can affect taste perception of food andetage. Moreover, the results reported here hawe als
contributed to determine how olfactory informatisrstored in our neurocognitive systems and iniqaer
on how verbal information processing interacts vatfactory memory. Finally, this work represents af
the first attempts to introduce new (small, cheagh portable) technological devices in the studglsdction

and flavour perception.
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