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ABSTRACT

This review summarizes the latest evidence concerning the impact of the colour, shape, texture,
weight, and other material properties of the drinking receptacle on the perception of coffee.
The colour of the cup, for instance, has been shown to prime notions of sweetness (e.g., pink
cup) or acidity (e.g., yellow or green cup) that may carry over to influence the tasting
experience. Meanwhile, the shape and surface feel of the drinking vessel have also been shown
to exert a profound influence over the perceived aroma/taste of coffee. Given that the various
sensory attributes of the drinking vessel can exert such a striking influence over the drinking
experience, the challenge, moving forward, is to optimize the design of the receptacle in order
to enhance the multisensory tasting experience for the consumer. Given that different
styles/varieties of specialty coffee have different dominant/desirable qualities (e.g.,
acidity/sweetness), in the future, the design of coffee cups may need to be customized for
different coffee drinking experiences (e.g., origin or roast), much as seen in the world of fine

wine (with different glasses for different grape varieties).
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TEXTURE; SHAPE; WEIGHT.
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Introduction

Despite the global popularity and consumption figures for coffee (e.g., see SCA 2017a, b),
there has been remarkably little research on the drinking vessel. According to Ernesto Illy
(2002), for instance, writing in Scientific American, by the year 2000, 400 billion cups of coffee
were being consumed each and every year around the world. It is therefore surprising to find
how little published research there has been given the range of coffee drinks, the widespread
emergence of speciality coffee culture around the world, and the fact that coffee, or at least
specialty coffee (e.g., Rhinehart, 2009), is chemically complex containing something like 1,200
volatiles (Clarke, 2013; see also Caporaso, Whitworth, Cuic, & Fisk, 2018; Illy, 2002; though
see Spence & Wang, 2018, on the complex relationship between chemical and perceived

complexity).

Given coffee’s global popularity, and given the explosion of coffee culture in recent years (e.g.,
Luttinger & Dicum, 2006), it seems bizarre that there has been so little interest in the science
of the drinking vessel from which all that coffee is consumed. Currently, this globally popular
beverage is consumed from a wide range of different receptacles, that vary in terms of their
size, weight, shape, material properties (i.e., compressibility; cf. Krishna & Morrin, 2008),
colour, texture, etc. Furthermore, in certain markets, and at certain points in time, there have
also been unusual rituals around the consumption of coffee. One such example comes from the
historic Finnish approach of pouring coffee onto the saucer from the cup and drinking from
there, undoubtedly helping both to cool the drink and perhaps also to accentuate, or certainly
to modify, the orthonasal olfactory contribution to the tasting experience. (Although little
practised today, there are certainly still a few older Finns who recall a time when such a practice
was reasonably commonplace; see e.g.,

https://www.reddit.com/r/TheWayWeWere/comments/7zxipa/women drinking coffee from

saucers_ca_1930_finland/.)

Why drinking vessels influence the tasting experience

In terms of the theoretical framework underpinning this area of research, one might want to ask
why it is that the sensory properties of the drinking vessel should influence people’s perception
of the contents as much as they do. The influence of the receptacle on the taste/flavour of the
contents can be broken down into potential physico-chemical and psychological influences,

both of which are potentially important. In the world of fine wine, there is much discussion
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(and measurement) of the composition of the aromatic volatiles in the headspace over the liquid
(the wine that is; e.g., Liger-Belair, 2005; Liger-Belair, Bourget, Pron, Polidori, & Cilindre,
2012; see also Rahman, 2014). Physicists and chemists stress the importance of maximizing
the surface area of the liquid in the glass while reducing the aperture at the lip of the glass in
order to try and keep as much of the volatile-rich air in the glass as possible. In fact, across a
number of studies, higher aroma intensity ratings have been shown to correlate positively with
serving glasses where the ‘maximum diameter/opening diameter’ ratio (D-ratio) is highest
(e.g., Fischer, 1996; Fischer & Loewe-Stanienda, 1999; Parpinello, Meglioli, Ricci, & Versari,
2018; see also Manska, 2018). On the other hand, it is also important to highlight the fact that
if the aperture of the receptacle becomes too narrow then the taster’s nose will no longer fit
into the glass while they are tasting with their lip on the receptacle’s rim. This will obviously
make it difficult, if not impossible, to sniff the odour orthonasally while simultaneously tasting.
Note, though, that the challenges around the release of desirable volatiles is likely to be more
pronounced in the case of a wine, served at low temperature (in an alcoholic substrate), than
for a water-based coffee, normally served hot. By contrast, the challenges may be more with
how to retain the aromatic volatiles coming off the surface of a hot drink, such as coffee.
Indeed, the increased volatility of the aroma molecules in the case of a hot beverage will
presumably simply make it much harder to retain them in the headspace of the drinking vessel,
regardless of the shape that the vessel may have. On the other hand, the addition of a foamy
milk head to a cappuccino, or the crema on the espresso, suppresses the release of volatiles
from the liquid’s surface, capturing them in the aerated bubbles, and thus potentially improving

the drinking experience at the moment of consumption.

It is important to note that we rarely taste anything without first having made a prediction about
what that drink will taste like first, and whether or not (and how much) we expect to like the
experience (see Piqueras-Fiszman & Spence, 2015, for a review). These expectations then
anchor the tasting experience when we subsequently come to evaluate the drink itself. If the
tasting experience is close to the expectation then we tend to live very much in the world of
our expectations. However, should the tasting experience be too far removed from the
expectation then we may well experience a negatively-valenced disconfirmation of
expectations response (Schifferstein, 2001). Sensory and hedonic expectations are likely
generated by the sensory properties of the coffee itself — think colour (e.g., Little, Chichester,
& Mackinney, 1959; and see Wan, Zhou, Mu, Du, Velasco, Michel, & Spence, 2014, on tea

colour) as well as any other visual appearance cues, and by the orthonasal aroma. Our
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expectations concerning the taste/flavour and quality of a beverage are however also
determined, both consciously and unconsciously, by a host of other sensory cues. These cues
include everything from the colour or the drinking vessel through to the environment in which
we happen to be drinking (Gal, Wheeler, & Shiv, 2007), not to mention the brand of coffee
itself, assuming that we have been made aware of it (e.g., Martin, 1990; Sakai, 2014). In fact,
even the sound of the coffee machine has been implicated in helping to set people’s coffee
expectations (Knoferle, 2012), as has the genre and sonic properties of the music playing in the
background (Gater, 2010; Spence, 2017b). Furthermore, any descriptive/semantic information
(Fenko, de Vries, & van Rompay, 2018) that may be provided, as well as the coffee’s ecological
credentials (e.g., Sorgvist, Hedblom, Holmgren, Haga, Langeborg, Nostl, et al., 2013) can also
influence people’s ratings. It is currently an open question as to whether drinking tea from a
cup that says Starbucks Coffee is a less pleasurable experience, because it is a little harder to
process. The experience may, in other words, be less fluent (see Reber, Winkielman, &
Schwartz, 1998).

One psychological notion that may be relevant here is ‘sensation transference’. According to
researchers, what we think or feel about one stimulus, may be transferred, at least in part, to
what we think about another (e.g., Cheskin, 1957; see Skaczkowski, Durkin, Kashima, &
Wakefield, 2016, for a recent review). Hence, if we happen to like the cup that we are drinking
from, or feel that it is high-quality, these attributes may well carry-over to influence what we
think about the coffee should we be asked to rate it (Masson, Delarue, Bouillot, Sieffermann,
& Blumenthal, 2016). In terms of the expectations set by the drinking receptacle, Van Doorn,
Woods, Levitan, Wan, Velasco, Bernal-Torres, and Spence (2017) conducted an online study
showing that the various different shapes of coffee cup, shown visually, were associated with
quite different expectations in the minds of the consumers taking part (see Figure 1). As we
will see below, the colour of the cup can also prime specific taste expectations (e.g., see

Carvalho & Spence, in press; Schifferstein, 2009).

INSERT FIGURE 1 ABOUT HERE

Multisensory contributions to flavour perception

At the outset, it is important to note that the desirable taste of coffee itself results from the
integration of multiple cues including gustatory, olfactory, and oral-somatosensory

components (e.g., Heath, 1988; Navarini, Cappuccio, Suggi-Liverani, & Illy, 2004; see Spence,
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2015a, for a review). Olfactory cues, specifically retronasal olfaction, has been suggested to
contribute the majority of what people commonly consider to be the pleasurable taste (see
Spence, 2015b, for a review of the evidence underpinning this particular claim). Anecdotally
it has been observed that the aroma of coffee is often rated as more pleasurable than its taste
(e.g., Ge, 2012; Rozin, 1982). That is orthonasal olfaction this would seem to be a key element
in the total experience. The ambient smell of coffee has also been reported to exert a noticeable
effect on consumer behaviour (see Spence, 2015c; though see also Forster & Spence, 2018).
No surprise, then, that a number of companies have been working in recent years to improve
the availability of coffee aroma by modifying the design of coffee cup lids (see Spence, 2017,
for a review). So, for instance, this goes all the way from simply adding aroma holes in the
middle of the lid through changing the surface profile to provide a little headspace (see, for
example, the Viora lid; https://www.vioralid.com/).

As mentioned already, the coffee beverage is highly complex in terms of its aromatic volatile
composition (e.g., Sunarharum, Williams, & Smyth, 2014). Furthermore, it turns out that this
perceptually complex olfactory experience represents a domain of experience that is
particularly rich in crossmodal associations, for instance, in the realm of shape and sound
correspondences (see Deroy, Crisinel, & Spence, 2013, for a review). This means that the
majority of people, surprising as it may seem, will match, or associate, particular odours with
certain specific geometrical shapes or class of sounds. Sweet notes in the coffee, for instance
being associated with rounder shapes, while bitter notes are associated more with angularity
(cf. Crisinel, Cosser, King, Jones, Petrie, & Spence, 2012). Furthermore, congruent (as
compared to incongruent) combinations of odour and visual/auditory stimuli have been shown
to enhance recognition performance (e.g., Dematte, Sanabria, & Spence, 2009) as well as
people’s ratings of perceived intensity and pleasantness (Seo & Hummel, 2011; Zellner &
Whitten, 1999). Thus, the complex aromas of specialty coffee are likely to be influenced
(psychologically-speaking) by a number of product-extrinsic cues, including the sensory
properties of the drinking receptacle. Crossmodally congruent features could potentially be
used to improve the overall drinking experience when consuming coffee, perhaps by drawing
the taster’s attention to something in their tasting experience that they like/appreciate, and

hence making it more salient to them.

Research on the psychological impact of the physical properties of the receptacle
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Below, the evidence concerning a number of the physical attributes of coffee receptacles that

have been studied to date is reviewed.

Cup colour

Several studies have demonstrated that the colour of the cup biases people’s expectations and
thereafter on their experience of milk-based coffee beverages. For instance, Van Doorn,
Wouillemin, and Spence (2014) reported that the colour of the cup matters in the case of café
latte. In particular, Van Doorn, et al. conducted a pair of studies in Australia demonstrating that
a hot milky coffee drink (i.e., a café latte) was rated as having a flavour that was more intense
when it was served in a white ceramic mug than from a clear glass beaker, or else a blue mug
(Experiment 1). In a second experiment, serving the hot beverage in a transparent glass with a
white rubber sleeve led to it being rated as tasting less sweet than when the same drink was
served in a clear glass or a glass with a blue-sleeve instead (see Figure 2). By contrast, no
significant influence of the colour of the drinking vessel was reported on any of the other
dependent measures (e.g., sweetness, aroma, bitterness, quality, or acceptability). To date, two
possible explanations have been put forward for such colour-based effects on tasting.
According to one account, colour sets expectations/primes specific taste/flavour properties
based on the crossmodal correspondences (see Spence, in press). By contrast, according to a
second account, colour (e.g., of a coffee cup) may influence the taste of a drink by changing
the drink’s visual appearance properties via colour contrast (e.g., Ekroll, Faul, & Niederée,
2004; Hutchings, 1999; Lyman, 1989; see Spence, 2018, for a review).

INSERT FIGURE 2 ABOUT HERE

Carvalho and Spence (in press) recently conducted a series of three experiments with social
(i.e., non-expert) specialty coffee drinkers in coffee shops in Brazil. A total of 457 participants
were given brewed or espresso specialty coffee to taste. The coffee either had high acidity
(Kenyan) or high sweetness (Brazilian), and was served in one of four cups whose outer surface
had been painted pink, green, yellow, or else less left white (see Figure 3). Note that the inner
colour of the cup was white, in order to minimize the impact of any change in the colour
contrast (between the coffee and the inner surface of the cup; Lyman, 1989; Spence, 2018) on
the perceived appearance properties of the coffee. The participants first rated their expectations
of sweetness and acidity of the drink, and subsequently, their experience of those attributes on

tasting the coffees, as well as rating their liking. Note here that participants were given no
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information about the nature of the coffee that they were going to taste. Crucially, the colour
of the cup exerted a significant influence on both pre- and post-tasting ratings for all of the
attributes measured. Prior to tasting, the colours pink and green were associated with sweetness
and acidity, respectively, whereas yellow was associated with both tastes. In the post-tasting
phase of the study, the participants were exposed both to congruent (pink/sweet) and
incongruent (green and yellow/acidic) pairings of the colour of the cup and coffee flavour
profile. Interestingly, liking ratings significantly decreased in the incongruent pairing
conditions — which also increased the unexpected acidity (based on participants’ ratings of

expected acidity) of the Kenyan coffee when tasted from the pink cup.
INSERT FIGURE 3 ABOUT HERE

Results such as these might be taken to suggest that the participants may have transferred the
experience of the pinkness of the cups (or rather, their intuitions about pink foodstuffs being
sweet; see Spence, Wan, Woods, Velasco, Deng, Youssef, & Deroy, 2015) to their judgments
of the drinking vessels themselves. Moreover, the colour of the cup was shown to significantly
impact not only sensory but also hedonic judgements of specialty coffee. At the same time,
however, it is also worth noting that by keeping the colour on the inside of the cup constant
(white), and by manipulating only the outer surface, a foreground-background colour
combination was created that may help to prime a specific taste even more effectively than
either of the component colours when presented individually. Along just these lines, Woods,
Marmolejo-Ramos, Velasco, and Spence (2016) demonstrated that people categorize pink on
white as sweet more consistently (and somewhat more rapidly) than they do the best of the

component colours (i.e., either pink or white).

The association between the pink colour of the drinking receptacle and sweetness documented
by Carvalho and Spence (in press) extends the findings reported a decade ago by Schifferstein
(2009). In particular, Schifferstein had his Dutch participants (20 participants in each condition
in his Experiment 2) evaluate the experience of various drinking receptacles when empty, while
other groups of participants analysed the drinking experience when the drinking receptacles
were part-filled with warm tea or a chilled soft drink (7-Up). Four of the receptacles in this
study had a pinkish hue and one was transparent. While the material of the receptacles also
varied, the key point to note here is that the participants’ ratings of the sweetness that they
associated with the transparent receptacle was significantly lower than for any of the pinkish
cups. Schifferstein (2009, p. 273) concluded that: “participants may have combined the
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sweetness of the drink with the ‘experienced sweetness’ induced by the pinkness of the cups in
their judgments.” However, that said, it should be noted that in a subsequent study,
Schifferstein, Smeets, and Hallensleben (2011) went on to demonstrate that the same
descriptors might be interpreted somewhat differently as a function of the particular context in
which they happen to be presented. Given that the latter study was conducted with separate
groups of participants assessing drinks or drinking receptacles (cups), the key point to note here
is that one should be cautious in interpreting the results of between-participants studies such as
that reported by Schifferstein (2009). One other point to note in relation to Carvalho and
Spence’s (in press) study is that by explicitly having their participants consider the taste that
they associated with the cup colour, this may somehow have imbued the cup colour with a
meaning, or relevance, that it might perhaps not normally have if one simply picks up a
coloured cup of coffee.

Elsewhere, Dichter (1964) reported a study in which the impact of the colour of the pot from
which coffee was served on people’s perception of the taste/aroma was assessed. Two hundred
North Americans were given four cups of coffee to compare and evaluate (see Favre &
November, 1979, p. 64, for a summary of the results). Each cup of coffee was served from a
pot having a different colour (brown, red, blue, and yellow). According to the results, 73% of
those tested reported that the coffee served from the brown receptacle was ‘too strong’; 84%
of the female participants suggested the coffee served from the red pot to be rich and full-
bodied; The aroma of the coffee from the blue jar was rated as having a milder aroma; And the
coffee in the yellower container seemed to come from a weaker blend. However, the coffee
was the same in all cases. Once again, therefore, these results add to the growing literature
illustrating the widespread impact of (product-extrinsic) colour on taste/flavour perception.
That said, it should be stressed that the latter study lacks methodological details and, what is
more, no statistical analysis of the findings were reported. Hence, caution should be exercised
when extrapolating from Dichter’s early findings (see Table 1 for a summary of research that

has investigated the impact of drinking receptacle on people’s ratings of coffee).
INSERT TABLE 1 ABOUT HERE

Guéguen and Jacob (2012) had 120 French participants taste coffee from four different

coloured cups (blue, green, red, and yellow) and indicate which coffee was warmest (in terms

of its temperature): 38% of participants rated the coffee served in the red cup as the warmest,
followed by yellow (28%), green (20%) and, finally, the blue cup (13%). Note that such results
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are consistent with other findings highlighting the existence of a crossmodal correspondence
between colour and temperature (e.g., see Ho, Van Doorn, Kawabe, Watanabe, & Spence,
2014). These results are also in line with a broader literature on the impact of drinking
receptacle on a variety of drinks including everything from water to hot chocolate (e.g.,

Piqueras-Fiszman & Spence, 2012a; Risso, Maggioni, Olivero, & Gallace, 2015).

Other visual appearance cues

As far as sight is concerned, the main attribute of an espresso cup is its foamy crema. In the
typical espresso coffee cup serving of 25-30 mL, crema represents at least 10% of the total
volume. Despite sharing several characteristics with other food foams like beer foam, the
espresso coffee crema contains solid coffee cell-wall fragments which gives it sensory
characteristics that are highly complex (see Illy & Navarini, 2011). The formation and
stabilization of crema on espresso coffee is very important since it contributes to the aroma
intensity of the cup (D’Agostina, Boschin, Bacchini, & Arnoldi, 2004). It also provides an
indicator of under- or over-extracted espresso coffees. Overextraction is a technical term that
is used to describe what happens with increasing extraction time (e.g., > 30 seconds for
espresso). According to Illy (2002, p. 90), writing in Scientific American, cell wall fragments
(solid materials) make their way into the crema, along with less desirable aroma notes, thus
potentially reducing the pleasantness of the tasting/drinking experience. In addition to the
sensory perception of espresso, crema also exerts a major impact on the consumers’ hedonic
experience (Labbe, Sudre, Dugas, & Folmer, 2016). Thus, transparency may be good for the
drinking vessels used to serve espresso as it will presumably help to draw the taster’s attention
to the quality of the crema. As a case in point of this approach, one only needs to look at all the
advertising for Nespresso (Kuehlwein, 2017) or the Illy espresso Nude series

(https://www.matteothun.com/project/117/espresso-cup-nude-for-illy).

In addition to aesthetics, it is worth noting that Pyrex glass is also the most suitable cup material
as far as the ability to maintain the warmth of the beverage for longer, when compared to
porcelain and ceramic cups, for example. It is the material with the lowest thermal conductivity
(2.1 W/mK, against 2.1 W/mK for porcelain and 3.8 W/mK for ceramic) and with similar
specific heat transfer values to the other two materials (728 J/kgK against 753 J/kgK for
porcelain and 782 J/kgK for ceramic; see https://thermtest.com/materials-database). Nespresso

has recently introduced a range of three short-stemmed, heavy-based crystal glasses (created
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by Riedel) especially for their coffees. The Reveal Range (with one glass for intense espresso,
one for mild espresso, and one for café lungo) of glassware is supposed to optimize the

consumers’ perception of the multisensory flavour (https://www.nespresso.com/nl/en/reveal-

accessories-collection). The website explicitly draws attention to the various sensory elements

of the tasting experience (and can be seen as drawing the analogy with what happens in the
world of wine tasting; just take the following quote that appears there: “The ritual of coffee
invites you to first see, then smell and lastly taste your coffee. The crystal
glass’ transparency fulfills your eyes; the aromas are directed onto your
palate to satiate your nose and your ears awaken to the resonance of this

lasting, quality material.”).

Elsewnhere, in an intriguing development in the world of digital technology, Okajima and his
colleagues in Japan have developed augmented reality software that now allows one to virtually
add milk to a cup of coffee. The rendition of the milky appearance of the coffee in this case is
highly realistic (see Ueda, Masuda, & Okajima, 2014). It will be interesting in future research
to investigate what effects the addition of such virtual milk will have on the consumer’s
experience on tasting the coffee. Use of angular shapes on the side (or even inside) of the cup
itself may also be used to prime notions that the coffee will taste bitter (see Van Doorn,
Colonna-Dashwood, Hudd-Baillie, & Spence, 2015). This suggestion builds on research
concerning the crossmodal correspondences that are now known to exist between shape
properties and taste (see Spence, 2012, for a review; and Turoman, Velasco, Chen, Huang, &

Spence, 2018, for recent findings).

Texture

That the texture of the drinking receptacle should exert an influence over the tasting experience,
while surprising, is nevertheless entirely consistent with a number of other recent studies that
have demonstrated the impact of feeling sandpaper vs. velvet-like textures on the perception of
the biscuitiness and pungency (i.e., gingeriness) of biscuits (Biggs, Juravle, & Spence, 2016;
Piqueras-Fiszman & Spence, 2012b), not to mention the taste/aroma of wine (Wang & Spence,
2018). Such findings also fit with the early intuitions of the Italian Futurists when writing about
‘syn-tactilissmo’ (e.g., see Marinetti, 1932/2014). A priori, one might expect that the rough
texture of the drinking vessel would help draw the taster’s attention to the rough tannins that

may be present in the coffee (Savolainen, 1992).
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Carvalho, Moksunova, and Spence (in preparation) recently conducted three studies with
coffee experts (Q-graders) and amateur consumers in Brazil and Russia (229 participants in
total) to test whether the feel of sandpaper (Experiment 1 — preliminary study) or the roughness
of the finish of a bulbous ceramic cup (vs. a smooth one — Experiments 2 and 3) (see Figure
4) would impact ratings of olfactory, gustatory, and oral-somatosensory attributes. The results
of these experiments demonstrated that haptic sensations from touching rough surface textures
did indeed influence the coffee tasting experience, both in terms of basic tastes and mouthfeel,
albeit with no difference in aroma ratings in this case. Overall, all of the various coffees that
were served in this study were perceived as being significantly drier or rougher in the aftertaste
when the participants touched a rough surface (sandpaper or rough ceramic cup) instead of not
touching the sandpaper or holding the smooth ceramic cup instead. The coffee was also rated
as more acidic from the rough cup by Q-graders, and sweeter from the smooth cup by amateur
consumers. However, given the paucity of the literature in the area of surface textural effects
on the multisensory tasting experience thus far, this research is a little more exploratory in
nature (though for a more hypothesis-led approach see van Rompay & Groothedde, 2018; Van
Rompay, Kramer, & Saakes, 2018). Nevertheless, it is interesting to see how some innovative
plateware designers are already starting to take these insights concerning the role of felt texture

on board in their commercial designs (e.g., NEFF Press, 2018).

INSERT FIGURE 4 ABOUT HERE

Shape and size

Carvalho and Spence (2018) recently demonstrated that the shape of the cup influences aroma,
taste, and hedonic judgements of specialty coffee. 276 participants were tested at a specialty
coffee event in Brazil. The participants were divided into three testing groups according to the
shape of the cup in which the coffee was served (tulip, open, or split; see Figure 5). Tasters
evaluated their experience of the aroma, sweetness, acidity, and liking of the coffee.
Multivariate analysis of variance was conducted in order to determine the effect of cup shape
on sensory and hedonic ratings, and whether expertise modulated these ratings. Both amateurs
and experts judged: (1) the aroma to be significantly stronger in the tulip cup, and (2) the
sweetness and acidity to be significantly more intense in the split cup. The tulip cup was the
one with the highest ‘D-ratio’ (defined as the ratio of maximum diameter to opening diameter),

which indicates that the physical properties of the receptacle do indeed play a role when it



DRINKING VESSELS FOR COFFEE 13

comes to the perception of complex odours, in both wine and specialty coffee. According to
the wine literature, there is a positive correlation between the perceived aroma intensity and
the D-ratio (see Spence & Wan, 2015, 2016, for a review). The split cup was the roundest cup
tested, and round shapes have been shown to influence both expectation and the actual

perception of sweetness in different foods and drinks (see Velasco & Spence, 2019).
INSERT FIGURE 5 ABOUT HERE

Interestingly, however, the split cup received the lowest liking scores from the amateurs, but
not from the experts. Assuming that enhanced sweetness and acidity perceived in the split cup
was not related to the unpleasantness of the coffee itself (given the experts’ ratings), a plausible
explanation for this result is that the split cup might have been perceived as an unusual drinking
receptacle for coffee. In fact, consumers typically tend to prefer more typical designs because
of the ease with which they can process them. Design typicality is a stimulus-inherent
determinant of perceptual fluency, with high levels of novelty leading to lower pleasure (e.g.,
Landwehr, Wentzel, & Herrmann, 2013).

Taken together, Carvalho and Spence’s (2018) results demonstrate that the shape of the cup
significantly affects the perception of the sensory attributes of specialty coffee, in both amateur
and expert consumers. Such results are consistent with a small but growing body of research
suggesting that the shape of the receptacle can influence the perception of a range of beverages
beyond the world of wine (e.g., Cavazzana, Larsson, Hoffmann, Hummel, & Haehner, 2017,
Mirabito, Oliphant, Van Doorn, Watson, & Spence, 2017; Van Rompay, Finger, Saakes, &
Fenko, 2017; and see CIiff, 2001; Hummel, Delwiche, Schmidt, & Hittenbrink, 2003; Venturi,
Andrich, Sanmartin, Taglieri, Scalabrelli, Ferroni, & Zinnai, 2016, on the shape of the wine
glass). That said, it should be noted that simply changing the shape of the drinking receptacle
does not always change the taste/flavour of a drink (see Machiels, 2018, for one such recent
partial null result). The question, moving forwards, is therefore to identify which specific
features of the shape gave rise to this effect, and to determine the relative contribution of
psychological to physico-chemical influences on the consumer’s tasting experience. While,
until recently, researchers interested in the influence of the shape of the drinking vessel on
tasting have had to rely on designs that have been created by designers, the emergence of 3D
printing is now starting to enable more researchers to move more toward hypothesis-led

drinking vessel shapes.
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We are not aware of any research specifically on the size of the cup for different serves of
coffee. Generally-speaking, though, depending on the serve, the cup should either be filled (as
in the case of a cappuccino), or else not (e.g., in the case of an espresso). Nevertheless there
would appear to be norms for the size of the cup depending on the particular serve of coffee.
Having said that, one online study did assess the influence of the size (and shape) of the cup
on people’s coffee flavour expectations (Van Doorn et al, 2017; see Figure 1). The size of the
cups presented visually in this study could vary in terms of their height (tall vs. short), diameter
(wide vs. narrow), and the thickness of rim (thick vs. thin). Both shorter cups and cups with a
narrower diameter were associated with (that is, led to expectations of) more bitter, more
aromatic, and more intense coffees. In addition, those cups with a wider diameter were

associated with sweeter-tasting coffees.

Weight

While we are not aware of anything having been published specifically in the world of coffee,
it is certainly true that in a range of other food and beverage categories, heavier is normally
equated with better (i.e., be it more expensive, better quality, and/or more satiating; e.qg.,
Piqueras-Fiszman & Spence, 2012c; though see also Lin, 2013). For example, Kampfer,
Leischnig, lIvens, and Spence (2017) reported on a couple of experiments in which they added
a small weight to the underside of various examples of product packaging (e.g., a box of
chocolates). Most relevant to current concerns, these researchers added a 60-gram weight to
the underside of cans of fizzy soft drink. The participants in this study had to pick the can up
(note that this was a between-participants study), open it, take a sip of the contents, and then
rate the taste of the contents. The participants rated the unbranded cola drink from the heavier
can as tasting better than from the lighter (see Maggioni, Risso, Olivero, & Gallace, 2015, for
similar results concerning the impact of a heavier cup on people’s rating of sparking water; cf.
Gatti, Spence, & Bordegoni, 2014, for work on fragrance intensity perhaps akin to orthonasal

odour judgments in the world of coffee).

Coffee receptacles that modify the tasting experience

Having demonstrated the profound effect that the sensory properties of the drinking vessel can

have on the experience of both social coffee drinkers and on the experience of coffee experts,
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the follow-up question then becomes one of how the design of the drinking receptacle can be
modified in order to enhance specific elements of the coffee drinking experience. Here, though,
it is important to stress that given the variety of beans, post-harvest processes (Schwan, Silva,
& Batista, 2012), terroir (Barbosa, Borém, Cirillo, Malta, Alvarenga, & Alves, 2012), roasting
methods (Fisk, Kettle, Hofmeister, Virdie, & Silanes Kenny, 2012), and preparation
procedures, there is unlikely to be a single cup design that will optimize the tasting experience
of all coffees (not to mention for all tasters). Rather, in the future, for a particular serve, say
filter coffee, one could imagine the development of a range of drinking vessels targeted at
optimizing the taster’s experience of specific taste, aroma, flavour, or oral-somatosensory (i.e.,
mouthfeel) properties in the drink. At this point, of course, another question that crops up
concerns just how many different receptacle types would be needed for each serve of coffee.
There are obviously limits to what might be considered practical in this space.

What are the attributes that are especially prized by people in the world of specialty coffee?
The intensity and balance between the non-volatiles (i.e., organic acids and sugars) and
volatiles (i.e., aromatic compounds) extracted in-cup impacts the flavour composition of the
beverage as well as its perceived quality. Despite sensory perception, and hence consumer
preference, being to a certain extent subjective (Geel, Kinnear, & De Kock, 2005), high quality
coffee should undoubtedly contain positive/pleasant aromas as well as distinguishable acidity
and sweetness, stemming from the presence of fruit acids and sugars (Buffo & Cardelli-Freire,
2004; Lingle, 1986; Xu, 2003). The positive aromas will impact both orthonasal (dry and wet
aromas) as well as retronasal (flavour) perception. In addition to the olfactory and gustatory
attributes, the mouthfeel (or body) is also a determining factor of coffee quality. Mouthfeel is
an oral-somatosensory sensation, and has two distinct aspects, namely weight and texture,
which are correlated with the non-volatile components of the beverage. Finally, these various
aspects of the coffee must be in balance, that is, they must work together and complement each
other (rather than contrast with each other), be it in terms of intensity or quality (Lingle &
Menon, 2017; Yeretzian, 2017).

There has understandably been a lot of work developing a coffee vocabulary (e.g., Seo, Lee, &
Hwang, 2009; see also Calvifio, Zamora, & Sarchi, 1996). Indeed, just as in the world of wine,
coffee has its own flavour wheel (see Spencer, Sage, Velez, & Guinard, 2016; see also Gupta,
2016). Across a range of categories, from wine to water, describing the specific attributes has
been shown to change the way in which those attributes may be experienced by consumers. At

the same time, however, there is undoubtedly still further work to be done in relation to the
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language of coffee when talking to consumers (e.g., to the non-expert; Croijmans & Majid,
2016; International Coffee Organization, 2002; World Coffee Research, 2016).

There are also important cross-cultural and individual differences in terms of people’s coffee
preferences (e.g., Van Doorn et al., 2017) and reasons for consuming coffee in the first place
(see Labbe, Ferrage, Rytz, Pace, & Martin, 2015). Such differences may, in some small part,
originate from differences in an individual’s taster status (e.g., Bartoshuk, 1993; Garneau,
Nuessle, Sloan, Santorico, Coughlin, & Hayes, 2014), or even gender (Cristovam, Russell,
Patterson, & Reid, 2000). However, while it might be interesting to consider developing cups
specifically for tasters and non-tasters (either different drinking receptacles for each group, or
else perhaps different experiences, or textures, on different parts of cup), manufacturers would
be well advised to stay away from the design of explicitly gendered coffee cups (see Paskin,

2018, for a recent unsuccessful foray in this area; and see Spence, 2019a, for a review).

Conclusions

While coffee is currently served in receptacles that come in all sizes, shapes, and colours, little
thought appears to have been given to optimizing the cup (in terms of maximizing the taster’s
enjoyment of the multisensory tasting experience), excepting in terms of matching the size to
the serve. And while claims are often made by cup/glass manufacturers (thus far, primarily in
the world of wine), as far as we can tell, they are rarely backed up by hard scientific data. A
few examples are FIGGJO OSLO — Tim Wendelboe (tulip, open, and split shapes) (tested in
Carvalho & Spence, 2018); LOVERAMICS BREWERS (sweet, floral, and nutty shapes):

https://www.loveramics.com/collections/brewers; and KRUVE EQ:

https://www.kruveinc.com/pages/eq. It is interesting to note that all of the above-mentioned

companies claim (e.g., on their respective websites) that the cups that they have developed
actually enhance specific flavour attributes (e.g., sweetness, acidity, and even specific aroma
notes). However, what is noticeably absent thus far is any empirical evidence actually
supporting such claims. This would seem like a lost opportunity given that the latest research
has shown that all aspects of the receptacle (including its colour, weight, size, texture, and
shape), can potentially exert a significant influence over the tasting experience. Furthermore,
such results have been demonstrated in both social drinkers and coffee experts. By now, they
have also been demonstrated for a range of coffees and preparation methods. And while the

world of wine glassware seems relatively narrow in terms of the kinds of drinking receptacles
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that the consumer will accept (see Spence, 2011, for a review), coffee feels like it may be far
less constrained in this regard. Perhaps unsurprisingly, the growing realization that the drinking
vessel can profoundly affect the drinking experience is also now starting to play out in a range
of other drinks including, for example, cocktails (e.g., Farrell, 2018; though see also Palmer,
2018).

Taken together, the evidence that has been reviewed here clearly demonstrates the profound
impact that the drinking receptacle has on the perception of brewed, espresso, and milk-based
coffee beverages. On one hand, the research shows that the physical properties of the cup or
mug impact the sensory-discriminative judgments of both amateur consumers and experts. A
taster’s olfactory, gustatory, and oral-somatosensory experiences can all be affected by the
colour, texture, and/or shape of the cup in which the coffee is served. On the other hand, the
cup also influences consumers’ hedonic responses — a reflection of preferences (e.g., aesthetic,
cultural) or congruent/incongruent pairings of specific crossmodal features. Of course, moving
forward, it will be important that any influence of the drinking vessel can be shown to influence
the experience of consumers in naturalistic drinking situations over the longer-term, and not
just under highly-controlled laboratory conditions (see Bangcuyo, Smith, Zumach, Pierce,
Guttman, & Simons, 2015; Cliceri, Petit, Garrel, Monteleone, & Giboreau, 2018; cf. Petit &
Sieffermann, 2007). Given this sentiment, it is worth noting how much of our own research in
this sphere has been conducted in naturalistic settings (e.g., in coffee shops and professional
coffee congresses; e.g., see Van Doorn et al., 2015). And given the realization of how important
the cup can be to the consumer’s perception of coffee, companies focused on specialty coffee
accessories are increasingly thinking about the opportunities that may be associated with the
introduction of signature branded servingware that, ideally, conveys some functional benefit to

the consumer’s experience.

Despite the small body of research that has been published to date, it is interesting to note that
many of the observed crossmodal influences (e.g., of shape and texture) on coffee flavour are
robust enough to be experienced by experts. In the future, though, the cross-cultural similarities
and differences in the impact of the cup specific physical attributes on consumers’ perception

of coffee will need to be examined.

Over the last two decades, with the so-called “third-wave” phenomenon (Baccellieri, 2006),
the specialty coffee industry is increasingly becoming the new wine of the fine beverage
market. Specifically, many consumers are now willing to pay to appreciate coffee for its origin
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and individual characteristics, and with record prices paid for “Special Reserve Coffees”
(Teuber & Herrmann, 2012). Third wave coffee shops are already adopting the sommelier
concept by providing consumers with background information in relation to the origin of the
coffee, as well as the post-harvest and roasting processes that have been used in the preparation
of the coffee beverage (Kleidas & Jolliffe, 2010). It is essential that the coffee industry learn
from the wine industry not only in regard to the focus on the quality of the product itself (e.g.,
fermentation processes, plantation management) but also in terms of how to enhance the
multisensory product experience (Folmer, 2014). Adding value to a product also includes
understanding how to create pleasure for the customer. Innovative service includes creating
new (multisensory) experiences for consumers and, at the same time, being aware of their
expectations. As is increasingly the case for wine, the coffee industry should nurture the
potentially fruitful dialogue with academia to advertently explore and optimize specialty coffee

tasting experience (see Spence, 2019b, for a review).

Nevertheless, thinking about the design and introduction of new drinking vessels in the future,
it will be important to assess the longer-term consequences of any innovation in design (see
Landwehr, Wentzel, & Herrmann, 2013). As yet, there is very little longer-term research
assessing the impact of changes in servingware to consumer perception/behaviour (cf. Akyol,
Ayaz, Inan-Eroglu, Cetin, & Samur, 2018). Future research should be challenged by relevant
factors in the specialty coffee consumption market, such as the cultural background/preferences
of the population tested, as well as the specific sensory attributes of the coffee being tasted
(e.g., terroir, post-harvest processing; see Illy, 2002). This is crucial in order to move beyond
the unsubstantiated marketing hype to arrive at a more evidence-based, multisensory-inspired
approach to design, what some have called the new gastrophysics (see Spence, 2017).
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FIGURE LEGENDS

Figure 1. A screenshot from Von Doorn et al.’s (2017) study of the expectations set by different
coffee cups.

Figure 2. The coloured sleeves used to study the impact of receptacle on a milk based coffee
drink by Van Doorn et al. (2014).

Figure 3. The coloured coffee cups used in a recent study by Carvalho and Spence (in press).

Figure 4. The two differently-textured coffee cups used in Carvalho, Moksunova, and Spence’s
(in preparation) research.

Figure 5. The three differently-shaped coffee cups used in Carvalho and Spence’s (2018) recent
study.
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Figure 1.
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Figure 2.
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Figure 3.
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Figure 5.

Tulip Open Split



