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Abstract 26 

 While the popularity of reduced alcohol beer has been increasing, consumers still sometimes complain 27 

about perceived sensory defects of these beverages. Breweries are working to improve the sensory 28 

profile of low and non-alcoholic beers by changing the product formulation, however, here we wanted to 29 

investigate the impact of psychological, rather than chemosensory determinants of flavour perception 30 

and consumer experience. As the way we experience the world around us, including gustatory 31 

perception, is shaped by our expectations, we investigated and modelled the relationships between 32 

product-related cues, expectations, and perception. We tested 87 regular beer drinkers to examine 33 

whether and how beer colour, label-based sensory descriptors and labelled alcohol content affect 34 

expected and perceived bitterness, refreshment, liking and body. Additionally, we wanted to establish, 35 

using mediation analysis, whether expectation mediate these effects. In summary, we found that both 36 

beer colour and under some circumstances sensory descriptors can shape consumers’ perception of beer 37 

taste, flavour, and mouthfeel. However, liking of beer was only influenced by labelled and actual alcohol 38 

content, not by beer colour or sensory descriptors. Finally, we have demonstrated that expectations act 39 

as a mediator, transferring the effect of intrinsic (beer colour) and extrinsic (labelled alcohol content 40 

and sensory descriptor) product cues to shape consumer sensory experience. 41 

 42 

 43 

Keywords: beer, assimilation, mediation analysis, beer colour, sensory descriptor, alcohol, labelled 44 

alcohol content, expectations, non-alcoholic beer 45 
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1 INTRODUCTION 46 

Beer is one of the most popular alcoholic beverages in the world: in 2020 over 182 billion litres of 47 

beer were consumed worldwide(Barth-Haas Group, 2021; Ritchie & Rosser, 2019). However, as the 48 

WHO and medical professionals caution against overconsumption of alcohol (Burton & Sheron, 2018; 49 

WHO, 2005) increasing number of consumers limit their alcohol intake or, at least temporarily, avoid 50 

alcoholic drinks altogether (Törrönen et al., 2019; De Visser et al., 2016). Of course, there are 51 

circumstances when some wish to enjoy the health benefits of non-alcoholic beer (Chrysochou, 2014; 52 

Jackowski & Trusek, 2018; Osorio-Paz et al., 2019) or experience the flavour of beer while avoiding the 53 

effects of alcohol (Dry et al., 2012; Schulte et al., 2001). As a result, the consumption of reduced alcohol 54 

beer is on the rise (Non-Alcoholic Beer Market Report, 2020).  Yet, consumers sometimes perceive the 55 

flavour profile of non-alcoholic beer as inferior (Catarino et al., 2007; Güzel et al., 2020; Sohrabvandi et 56 

al., 2010a). Why is that? Could that be changed? And how? 57 

 Breweries are working to improve the sensory profile of low and non-alcoholic beers by 58 

changing the product formulation. However, the impact of psychological, rather than chemosensory 59 

determinants of flavour perception and consumer experience is often overlooked. In the context of eating 60 

and drinking, expectations are predictions experienced before tasting. The brain constantly generates 61 

predictions about what we are likely to experience (A. Clark, 2013). This is true for all sensory 62 

modalities, including taste perception (Gardner et al., 2014). There are a number of factors, such as 63 

previous experience, attitudes or product-related cues, that influence the process of expectation 64 

generation (Cardello, 2007; Deliza & MacFie, 1996; Fernqvist & Ekelund, 2014; Piqueras-Fiszman & 65 

Spence, 2015).  Most of us consume food and beverages multiple times a day, yet most of the time we 66 

have a good idea about the upcoming gustatory experience. This is the case even when we are about to 67 

taste an unfamiliar or new product. But where do our predictions come from? These expectations are 68 

based on previous experience and cues in the environment. We learn about different ingredients and their 69 
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flavour with repeated exposure. We then acquire subtle associations such as between the intensity of 70 

colour of a drink and its sweetness (Spence et al., 2010) or the colour of chocolate and ‘chocolatey’ 71 

flavour (Shankar et al., 2009). We also pay attention to marketing: we read what the label says (e.g. low 72 

fat, delicious, lightly salted) and perhaps examine the nutritional content of the product. In other words, 73 

we rely on cues that are related to the product itself (appearance and chemosensory properties) - product 74 

intrinsic cues - and cues that are related to the packaging or other information about the product -product 75 

extrinsic cues  (Cardello, 2007). In short, our predictions, the specific expectations about novel products, 76 

are shaped by intrinsic and extrinsic product-related cues. What is interesting is that expectations not 77 

only predict, but also actively shape, our experience (de Lange et al., 2018). Sensory and hedonic 78 

expectations can affect how we perceive flavour of a product, as well as how much we like it: there is 79 

abundant evidence that aspects of product labelling and product appearance can alter consumers’ 80 

experience (Piqueras-Fiszman & Spence, 2015; Skaczkowski et al., 2016). 81 

Whether the relationship between expectations and consumer experience is based on perceptual 82 

processing or due to response bias, can be answered by examining underlying neural processing 83 

(Okamoto & Dan, 2013). A number of neuroimaging studies highlighted the importance of and 84 

connection between primary and secondary gustatory cortices and how these correlate with ratings of 85 

perceived and expected taste, (Nitschke et al., 2006; Sarinopoulos et al., 2006) . The study of 86 

expectations in the realm of taste and flavour perception, however, usually defaults to explaining 87 

expectations and their effect using the assimilation/contrast model, which is based on behavioural data 88 

(Deliza, 1996, Cardello, 2007). This model posits that the size of the mismatch between expectations and 89 

actual properties of the product determines the nature of perceptual change. If the properties of the 90 

product and expectations match, our perception will be unchanged (compared to what would be 91 

perceived without any expectations, i.e. tasting the product blind). If there are relatively small 92 

differences between actual properties and expectations, the perception will be shifted in the direction of 93 

expectations (assimilation). If, however the mismatch is relatively large, the difference between 94 
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expectations and perception will be magnified, and perception will be shifted in the opposite direction to 95 

expectations (contrast). Countless studies demonstrated the assimilation effect ( Fernqvist & Ekelund, 96 

2014; Piqueras-Fiszman & Spence, 2015) but only a few reported a contrast effect (Yeomans et al., 97 

2008; Zellner et al., 2004). We should observe similar pattern in our daily lives: assimilation will be 98 

more the common phenomenon, as we usually have a reasonable idea about what we are going to eat or 99 

drink. This assimilation effect, and the relative ease with which it can be achieved, is important for 100 

product marketing and development (Reinoso-Carvalho et al., 2019a).  101 

1.1 COLOUR AND SENSORY DESCRIPTOR  102 

Drinking and eating is a multisensory experience, and the appearance of a beverage can shape our 103 

expectations (Van Doorn et al., 2019). Colour is an important aspect of appearance, as it often implies 104 

sensory properties of a product, be it taste/flavour intensity or identity (Koch & Koch, 2003; Singh, 105 

2006; Spence, 2019; Zellner & Durlach, 2003). Beer is no different. While the compounds responsible 106 

for the colour of beer are usually not associated with its taste or flavour (Spearot, 2016), beer colour 107 

plays an important role in generating consumers expectations. For example, in some studies participants 108 

expected darker beers to taste more bitter and have fuller body (Blackmore et al., 2021; F. M. Carvalho 109 

& Spence, 2019; Reinoso-Carvalho et al., 2019b) compared to light coloured beers. However, while 110 

Blackmore et al. (2021) found that the change in increased expectations of bitterness resulted in an 111 

increase of perceived bitterness, other researchers  did not find any effect of beer colour on perception of 112 

either body or bitterness (F. R. Carvalho et al., 2017; Reinoso-Carvalho et al., 2019a), yet others 113 

observed that lighter beers were perceived as more bitter than darker beers (Spearot, 2016).  Aside from 114 

bitterness and body, beer colour was also reported to affect perceived refreshment  (Guinard et al., 1998) 115 

and liking (Donadini et al., 2014). Overall, there is some evidence that beer colour can affect both 116 

expectations and perception. However, more research is needed as the relationship between beer colour 117 



      7 

 

and expected and perceived properties has shown conflicting results. In addition, we need to establish the 118 

causal relationship between beer colour, expectations and perception.  119 

While colour and appearance of the actual product are certainly important sources of information 120 

about a product, consumers cannot always see these, most obviously when products are hidden by 121 

packaging. In this case, consumers need to rely on extrinsic cues. Many studies have found that different 122 

aspects of labelling and packaging can influence consumer’s expectations, decision-making and even 123 

perception (Fernqvist & Ekelund, 2014; Piqueras-Fiszman & Spence, 2015; Skaczkowski et al., 2016; 124 

Spence & Wan, 2015). Arguably, the most direct way to generate expectations of taste or mouthfeel is to 125 

use a sensory descriptor on the label/packaging. Indeed, a number of studies showed that sensory 126 

descriptors can affect the way consumers perceive a range of products (Grabenhorst et al., 2008; Liem et 127 

al., 2012; Okamoto et al., 2009). For example, Deliza, MacFie and Hedderley (1996) examined how 128 

information about bitterness affected participants’ ratings of bitter solutions, showing that expectations 129 

of bitterness were assimilated and lead to an increase in perceived bitterness. In another study Woods 130 

and colleagues (Woods et al., 2011) demonstrated that a solution cued as “sweet” resulted in an increase 131 

in ratings of perceived sweetness, as well as increased BOLD response in the primary taste cortex. Given 132 

the need to modulate perceived sensory properties of reduced-alcohol beers, it would be interesting to 133 

examine whether and how different sensory descriptors alter the gustatory experience in the context of 134 

beer, and specifically test whether these effects are mediated by expectations. 135 

 136 

1.2 LABELLED AND ACTUAL ALCOHOL CONTENT  137 

Alcohol content is an important determinant of perceived properties of alcoholic beverages, 138 

including beer. Alcohol content contributes to perception of mouthfeel, specifically body (Gawel et al., 139 

2007; Langstaff et al., 1991; Niimi et al., 2017).  Beverages with higher alcohol content tend to be rated 140 

as having fuller body, sweetness, alcohol warming sensation and increased complexity, while drinks 141 
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with reduced alcohol content tend to be perceived as lacking body and other aspects of mouthfeel  (R. A. 142 

Clark et al., 2011; Ramsey et al., 2018; Sohrabvandi et al., 2010a).  Other studies have found that 143 

reducing alcohol content in beer can result in loss of body, volatile compounds and overall change in 144 

aromatic and thus overall flavour profile (Liguori et al., 2015). But what is the role of labelled alcohol 145 

content on consumer experience? 146 

The placebo effect results from conditioned responses or more complex phenomenon of 147 

expectations (Bodnár et al., 2020) and the placebo effect of alcohol is well documented (Bodnár et al., 148 

2020; Galindo et al., 2020; Hull & Bond, 1986). Yet, while research has addressed the effect of expected 149 

alcohol content on cognitive performance (Galindo et al., 2020) and aspects of social behaviour (Testa et 150 

al., 2006), the effect of expected alcohol content on perception of taste, flavour, and mouthfeel is largely 151 

unknown.  152 

Most of the research concerning labelled alcohol content has focused on wine and mostly 153 

addressed concerns of consumer liking and acceptability of low or non-alcoholic products. For example, 154 

Meillon and colleagues (Meillon et al., 2010) examined consumer’s expectations and perception of 155 

partially dealcoholized wines (9.5 % ABV) and found that labelling wine as “reduced alcohol” 156 

negatively impacted participants’ hedonic expectations and as a result decreased their liking.  In a bar-157 

based beer study, beer labelled as non-alcoholic was consistently expected to be liked less and perceived 158 

as less pleasant than beer that was labelled as alcoholic, regardless of actual alcohol content (Silva et al., 159 

2017). While there might be individual differences and the consumer population is segmented (Meillon 160 

et al., 2010), reduced alcoholic beverages appear to be associated with negative expectations and are 161 

liked less - at least in the context of research studies. While we have some knowledge about the effects 162 

of labelled alcohol content on expected and perceived liking, research on the impact of alcohol labelling 163 

on sensory expectations and perception is largely missing, especially in the context of beer.  164 
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1.3 AIMS AND OBJECTIVES 165 

As expectations can shape our eating and drinking experience, there is a need to develop an in-166 

depth understanding of how expectations are generated and their impact on gustatory experience. This 167 

knowledge can then be readily applied to improve consumer experience and decision-making, be it in the 168 

context of alcohol consumption or other health related behaviour. The present study has two main aims. 169 

Firstly, we will explore the effects of labelled and actual alcohol content, beer colour and sensory 170 

descriptor on expected and perceived sensory and hedonic properties of beer. And secondly, we will 171 

model the relationships between product-related cues, expectations and perception using causal 172 

mediation analysis to model the nature relationships between product-related cues, expectations, and 173 

perception. 174 

2 METHODS 175 

2.1 DESIGN 176 

The study used a 2x2x2x4 mixed design to contrast the effect of intrinsic and extrinsic product 177 

cues on expected and experienced liking and different components of flavour. The aspects of the beer 178 

that were manipulated were actual alcohol content (0.0% ABV, 4.5% ABV), labelled alcohol content 179 

(0.0% ABV, 4.5% ABV), colour (light, dark) and sensory descriptor (“bitter”, “refreshing”, “full body”, 180 

no descriptor).  181 

2.2 PARTICIPANTS 182 

All participants were recruited from the student and staff population at the University of Sussex 183 

and altogether, 87 participants (39 male, 46 female, 2 non-binary) took part in the study.  Thirty 184 

participants (19 male, 10 female, 1 non-binary) viewed labels with the sensory descriptor “bitter”, 29 (13 185 

male, 16 female) with the descriptor “full body” and 28 (7 male, 20 female, 1 non-binary) with the 186 
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sensory descriptor “refreshing”. All participants also viewed labels without a sensory descriptor. The 187 

average age of the participants was 27 years (M=27.16, SD=7.3) and average BMI was 23.67 (M=23.67, 188 

SD=3.68). Neither BMI nor age significantly differed among the “sensory descriptor” conditions 189 

(p>0.05). Participants’ alcohol consumption was coded as high (fortnightly and more often) vs. low 190 

(monthly or less often) and a Chi square test was performed to examine whether alcohol consumption 191 

frequency differed between the sensory descriptor conditions. There were no differences in how often 192 

participants in different conditions consumed wine, spirits, regular or non-alcoholic beer (p>0.05). 193 

Additionally, there were no differences in participants feelings of hunger, fullness, thirst, tiredness, 194 

happiness, being energetic, and clear-headed (p>0.05). The group means for BMI, age, hunger and 195 

mood, as well as distribution of alcohol use are included in tables S1 and S2 in the Supplemental 196 

materials. 197 

Potential participants with alcohol use disorder, diagnosed eating disorder, who were pregnant or 198 

breastfeeding, who had diabetes, were colour-blind, smoked 5 or more cigarettes a day or were taking 199 

any medication excluding the contraceptive pill were not allowed to participate in the study. 200 

Additionally, those who participated in our previous study (Blackmore et al., 2021) were also excluded. 201 

Participants were recruited for a study examining the effect of current mood state on taste perception of 202 

beers. They were informed about the real purpose study during debrief and each participant was 203 

breathalysed to ensure their breath alcohol concentration was below the legal drink drive limit. The 204 

Science & Technology Cross-Schools Ethics Committee at the University of Sussex approved the 205 

experimental protocol (application ER/HB315/5), and the study was conducted according to the ethical 206 

standards defined by the British Psychological Society. 207 
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2.3 MATERIALS 208 

2.3.1 Beer samples 209 

The samples were all based on a commercially available non-alcoholic beer (<0.05% ABV). The 210 

colour of the beer was altered by adding 1.36 g/l powdered malt extract (PureMalt) to alter the beer 211 

colour. As a result, the light-coloured beer was pale (5 EBC) and the darker coloured beer was dark 212 

amber (25 EBC), both the light and dark coloured beers appearance fits within the lager 213 

category(Brewers Association Beer Style Guidelines, 2021). The alcohol content (ABV) of the beer was 214 

increased by adding 4 ml of 96% pure ethanol into half of the samples to achieve a concentration of 215 

4.5%.  216 

Samples were prepared immediately before serving and the same manipulations were applied 217 

whether ethanol had been added or not.  To ensure the colour and alcohol manipulations did not result in 218 

confounding differences in carbonation between samples, for all stimuli, 15 ml of beer were decanted 219 

into a plastic jug from each freshly opened 330 ml can.  Alcohol and/or colour was then added dependent 220 

on condition, and all samples were stirred for 10 seconds (pilot testing confirmed that this was adequate 221 

to disperse the colouring agent).  The remaining 315 ml of beer was then added to each sample and was 222 

gently stirred. This resulted in four beer samples: dark 0%, light 0%, dark 4.5%, light 4.5%.  For serving, 223 

approximately 80ml of each sample was gently poured into standard 200 ml capacity glasses. The 224 

samples were presented on a tray and each sample was numbered by a randomly generated three-digit 225 

code. All beer samples were prepared at 4° C and consumed within 30 minutes. 226 

2.3.2 Software 227 

The beer labels were created using an online resource (www.beerlabelizer.com, 2019) and Adobe 228 

Photoshop CC 2017. The labels differed in the labelled ABV and the sensory descriptor (see Figure 1). 229 

Presentation of the labels, as well as beer samples was randomized. The experiment was designed and 230 

administered using Qualtrics software (Qualtrics, Provo, UT, 2018).  231 

http://www.beerlabelizer.com/
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2.4 PROCEDURE 232 

As participants arrived, they were screened for exclusion criteria and to ensure they had not 233 

consumed food or flavoured beverages in the 2 hours prior to the experiment. They were seated in a red-234 

lit experimental cubicle. Red lighting was used during the blind-tasting session to disguise the colour of 235 

the beer samples and thus eliminate the effect of this cue on perception of taste and flavour. Participants 236 

first completed an informed consent form and provided some demographic information (gender, age) 237 

then they rated their hunger, fullness, thirst, tiredness, happiness, and how energetic and clear-headed 238 

they were. Participants also answered questions about their alcohol consumption and experience with or 239 

attitudes to non-alcoholic beer. The experiment consisted of two parts, the blind tasting session and the 240 

experimental session. The blind tasting was always followed by the experimental session and both are 241 

described in detail below (and visualized in Figure 2). After tasting all the beer samples presented in the 242 

blind tasting and experimental session, participants completed a questionnaire about their drinking habits 243 

to record how often they drank different types of alcoholic beverages. At the end height and weight were 244 

recorded.  245 

2.4.1 Blind tasting session  246 

Four numbered beer samples were placed in front of the participant, which were tasted in a 247 

random order. Participants were instructed to pick up a sample, take one sip, swish the beer around the 248 

mouths for 5s and then swallow. They then rated the bitterness, refreshment, liking, body and perceived 249 

alcohol content of the beer they just tasted. All ratings except for perceived ABV were made on a 0-100 250 

visual analogue scale (VAS), the anchors used are presented in Table 1. Perceived ABV was rated on a 251 

scale ranging from 0.0% to 6.0%1. Before each new sample, participants used mineral water to rinse 252 

 

 

1 This range was chosen because most commercially available alcoholic and non-alcoholic beers fall 

between 0-6% ABV (Sohrabvandi et al., 2010b) 
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their mouth. This was repeated for all four samples, as is illustrated in Figure 2. Once they rated all four 253 

samples, participants were asked to call the experimenter who took away the samples and changed the 254 

lighting in the room. This part of the experiment took less than 10 minutes. 255 

2.4.2 Experimental session 256 

The experimental session was carried out in a well-lit experimental cubicle. This time the bright 257 

lighting allowed participants to notice colour differences of the samples. During this session, participants 258 

tasted and rated 12 beer samples, this time with each sample accompanied by a beer label presented on a 259 

computer screen. All participants viewed half of the labels without a sensory descriptor and half with one 260 

of the sensory descriptors. The sensory descriptors in this study were based on findings from our 261 

previous studies (Blackmore et al., 2020).  There were altogether four different beer samples, light 262 

coloured non-alcoholic, light coloured alcoholic, dark coloured non-alcoholic, and dark colour alcoholic, 263 

and eight different labels: 0.0% bitter, 0.0% refreshing, 0.0% full body, 0.0 %, 4.5% bitter, 4.5 % 264 

refreshing, 4.5% full body, 4.5% (see Figure 1). Participants tasted six samples accompanied by a label 265 

with a sensory descriptor and six samples without a sensory descriptor, altogether 12 beer samples. In 266 

eight of the samples the labelled and actual alcohol content matched, in two samples the non-alcoholic 267 

beer was labelled as alcoholic and in two samples the alcoholic beer was labelled as non-alcoholic, 268 

making it a fractional factorial design. The use of fractional factorial design  in this case enabled us to 269 

avoid issues such as carry-over effects and participant fatigue, while obtaining maximum amount of 270 

information (Gunst & Mason, 2009; Holland & Cravens, 1973).The labels contained varying information 271 

about the alcohol content and sensory properties of the sample. In this part of the experiment participants 272 

were instructed to locate a sample (these were again tasted in a random order, determined by the 273 

Qualtrics algorithm), inspect its appearance and the associated label, and rate their expectations of 274 

bitterness, liking, refreshment and body (same scales as in the blind tasting), as well as their confidence 275 

about these expectations (see Table 1). Once expectations were rated, participants proceeded to taste the 276 

sample. The tasting process was virtually identical to the one in the blind tasting session: sip, swish for 5 277 
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s, swallow, rate perceived bitterness, refreshment, liking, body and alcohol content, rinse (see Figure 2). 278 

This was repeated with all 12 samples. 279 

2.5 DATA ANALYSIS 280 

Data were analysed using R studio 1.6 and R 4.0. To check whether the beer colour affected 281 

participants’ blind ratings of bitterness, refreshment, liking and body a multilevel model (MLM) with 282 

participants as random, and colour, alcohol content as fixed effects, was used (see (Field et al., 2012; 283 

Hoffman & Rovine, 2007). 284 

To examine the effects of the independent variables on expectations and perception and to 285 

examine the relationship between expectations and perception we used a causal mediation analysis. We 286 

used “bmlm” (Vuorre, 2017) R package which allowed us to perform Bayesian within-subjects 287 

mediation analysis, suitable to be used with repeated measures factors (here colour). The relationship 288 

between predictor and outcome variable and predictor, mediator, and outcome variable were modelled as 289 

a MLM with participants as random effect, colour and sensory descriptor as predictors, expectations as 290 

mediator and perception as outcome variable. The software default, minimally informative prior was 291 

used. The mediation models were then evaluated using the estimates and 95% credible intervals, which 292 

were derived from posterior distributions.  There is evidence of mediation when the credible interval can 293 

rule out zero as a likely population value (Vuorre & Bolger, 2018).  294 

  295 
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3 RESULTS 296 

3.1 BLIND TASTING SESSION 297 

The data from the blind tasting session were analysed using a multilevel model (MLM) with participants 298 

as random, and colour, alcohol content as fixed effects. This analysis was used to determine whether 299 

participants’ baseline ratings of bitterness, refreshment, liking, body and perceived alcohol content 300 

differed as a function of alcohol content and colour. In a blind tasting session, we would expect the 301 

ratings, especially those of body and perceived alcohol content, to be affected by the actual alcohol 302 

content, but not by colour, as that was disguised. Alcoholic beers were perceived as more bitter (b =5.32, 303 

95% CI [1.12, 9.51], t(343) = 2.48, p = 0.013), having fuller body (b =15.41 , 95% CI [11.39, 19.44], 304 

t(343) =7.51, p <0.001), higher alcohol content (b =0.62, 95% CI [0.43, 0.82], t(343) =6.37, p <0.001) 305 

and were liked more (b = 5.57 95% CI [2.10,9.05], t(343) = 3.15, p = 0.002) compared to the non-306 

alcoholic samples. Unexpectedly, the colour of the sample increased ratings of perceived body (b =7.31, 307 

95% CI [3.29, 11.33], t(343) =3.56, p <0.001). The distribution of the data and the relationships are 308 

visualised in Figure 3 and detailed in Table 2.  309 

3.2 EXPERIMENTAL SESSION 310 

Separate mediation analyses were conducted for each of the rated characteristics of the beers: 311 

bitterness, refreshment, liking and body. In each case the full summary of the model can be found in 312 

Table 3, and models are visualised in Figure 4 A, B, C and D, respectively. 313 

3.2.1 Bitterness 314 

3.2.1.1 Beer colour 315 

Darker beer colour increased expectations of bitterness (a = 18.03, 95% CI [14.03, 22.01]), 316 

which in turn affected perceived bitterness (c’ = 4.03, 95% CI [1.06, 7.30]). However, we did not 317 
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observe an indirect, i.e. mediated effect of beer colour on perceived bitterness (me = 1.72, 95% CI [-318 

0.10, 3.65]).  319 

3.2.1.2 Sensory descriptors 320 

While the sensory descriptor “full body” had no effect on expected or perceived ratings of 321 

bitterness (a = -4.38, 95% CI [-8.93, 0.38], c’ = -1.45, 95% CI [-5.70, 2.78], me = -0.76, 95% CI [-1.96, 322 

0.16]), the descriptor “refreshing” decreased expected bitterness (a = -5.97, 95% CI [-10.20, -1.62]). 323 

However this effect was not mediated: the sensory descriptor “refreshing” did not directly (c’ = -0.35, 324 

95% CI [-4.22, 3.49]) or indirectly (me = -0.84, 95% CI [-2.12, 0.10]) affect  perception of bitterness. 325 

Finally, the descriptor “bitter” increased ratings of expected (a = 8.87, 95% CI[4.26, 13.50]) and this in 326 

turn affected perceived bitterness, which was mediated by expectations of bitterness (me = 1.78, 95% CI 327 

[0.60,3.31]) as generated by the descriptor.  328 

3.2.1.3 Labelled alcohol content 329 

Beers labelled as 0.0% ABV were expected to be less bitter than beers labelled as 4.5% ABV (a 330 

= -7.07, 95% CI [-9.59, -4.56]), and the effect of labelled alcohol content on bitterness was mediated by 331 

expectations of bitterness (me = -1.22, 95% CI [-1.90, -0.62]).  332 

3.2.1.4 Actual alcohol content 333 

Beer samples that contained alcohol (4.5% ABV) were rated as more bitter compared to non-334 

alcoholic beer samples (4.79, 95% CI [2.39, 7.20]). 335 

3.2.2 Refreshment 336 

3.2.2.1 Beer colour 337 

Compared to light-coloured beers, darker beers were expected to be less refreshing (a = -16.54, 338 

95% CI [-20.36, -12.72]). Dark beer colour reduced ratings of perceived refreshment, which effect was 339 

mediated by expected refreshment (me = -3.22, 95% CI [-5.09, -1.77]).  340 
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3.2.2.2 Sensory descriptors 341 

Expectations of refreshment were not affected either by the sensory descriptor “bitter” (a = 0.02, 342 

95% CI = [-4.00, 4.14]) or descriptor “full body” (a = 3.04, 95% CI [-1.12, 7.26]). However, beers 343 

labelled as “refreshing” were expected to be more refreshing compared to beers with no sensory 344 

descriptor (a = 10.19, 95% CI [5.69, 14.67]. The effect of the “refreshing” label then indirectly affected 345 

perceived refreshment (me = 2.81, 95% CI [1.36, 4.95], b= 0.27, 95% CI [0.18, 0.37]).  346 

3.2.2.3 Labelled alcohol content 347 

Labelled alcohol had no effect on expected (a = -1.55, 95% CI [-3.91, 0.80]) or perceived 348 

refreshment (c’ = -0.56, 95% CI [-2.48, 1.43], me = -0.45, 95% CI [-1.22, 0.30]). 349 

3.2.2.4 Actual alcohol content 350 

The alcohol content of beer samples had no effect on perceived refreshment (0.90, 95% CI [-351 

1.27, 3.08]). 352 

3.2.3 Body 353 

3.2.3.1 Beer colour 354 

Dark coloured beers were expected to have fuller body than light-coloured beers (a = 25.94, 355 

95% CI [21.73,30.10]). The effect of beer colour was mediated by expectations of body (me = 5.84, 95% 356 

CI [2.98, 8.87]) and as a result, darker beers were perceived as having fuller body. 357 

3.2.3.2 Sensory descriptors 358 

While the descriptor “bitter” did not affect expected or perceived body of beer (c’ = -1.40, 95% 359 

CI [-3.71, 0.56], me = -1.42, 95% CI [-3.71, 0.56]) the descriptors “full body” and “refreshing” did. 360 

Beers described as “refreshing” generated expectations of lighter body (a =  -8.86, 95% CI [-13.61, -361 

4.09]), and the descriptor “refreshing” then indirectly lowered perception of body of the beer (me = -362 

2.66, 95% CI [-4.69, 1.02]). On the other hand, descriptor “full body” increased participants’ 363 
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expectations of body (a = 8.84, 95% CI [1.71, 15.76]), however we did not observe either direct or 364 

indirect effect of the descriptor “full body” on perceived body of the beer (c’ = -3.66, 95% CI [-8.34, 365 

0.99], me = 2.72, 95% CI [-0.13, 6.08).] 366 

3.2.3.3 Labelled alcohol content 367 

Labelled alcohol content (0.0% ABV) resulted in decrease of expected body (a = -7.82, 95% CI 368 

[-10.46, -4.98]. Labelling beers as non-alcoholic (0.0% ABV) additionally resulted in decrease of 369 

perceived body, mediated by expected body (me = -2.50, 95% CI [-3.71, -1.46]). 370 

3.2.3.4 Actual alcohol content 371 

After controlling for effects of product cues (colour, descriptor and labelled alcohol content), beers 372 

that contained alcohol (4.5% ABV) were perceived as having fuller body compared to non-alcoholic 373 

beers (12.93, 95% CI [10.57, 15.36]). 374 

3.2.4 Liking 375 

3.2.4.1 Beer colour 376 

Beer colour had no effect on expected (a = -1.99, 95% CI [-6.01, 1.83]) or perceived (c’= -2.51, 377 

95% CI [-5.04, 0.03], me = 0.25, 95% CI [-1.08, 1.64]) liking. 378 

3.2.4.2 Sensory descriptors 379 

None of the sensory descriptors (“bitter”, “refreshing”, “full body”) affected expected (a= - 3.46, 380 

95% CI [-7.60, 0.68], a = 1.27, 95% CI [-2.47, 4.95], a = 0.94, 95% CI [-3.06, 5.07], respectively) or 381 

perceived liking (c’ = 1.63, 95% CI [-1.73, 4.99], me = -0.94, 95% CI [-2.35, 0.20], c’ = -2.38, 95% CI [-382 

5.97, 1.25], me = 0.23 [-0.65, 1.19], c’ = 2.76, 95% CI [-1.51, 6.93], me = 0.13 95% CI [-0.57, 0.93], 383 

respectively) . 384 
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3.2.4.3 Labelled alcohol content 385 

Beers labelled as 0.0% ABV lowered participants’ expectations of liking (a = -8.03, 95% CI [-386 

11.07, -5.03]). The effect of the “0.0% ABV” label was mediated through expectations and indirectly 387 

lowered reported perceived liking (me = -1.20, 95% CI [-2.35, -0.15]). 388 

3.2.4.4 Actual alcohol content 389 

After controlling for other predictors of liking, non-alcoholic beers (0.0% ABV) were liked less than 390 

regular beers (4.5% ABV) (5.57, 95% CI [3.21, 7.87]). 391 

4 DISCUSSION 392 

There are three key findings from this study. First, we demonstrated that intrinsic cues (beer colour) 393 

and to some extent extrinsic cues (sensory descriptor) have a significant effect on expectations and the 394 

perception of taste, flavour and mouthfeel of beer. Second, using formal causal mediation analysis, we 395 

confirmed that the effects of product related cues on sensory perception were mediated by the 396 

expectations they generated.  Finally, we showed that perceived liking was increased directly by actual 397 

and indirectly (i.e. mediated by expected liking) by labelled alcohol content. While the design and 398 

research questions build on previous research (Blackmore et al., 2021), the analytical approach and 399 

findings are novel. The implications and limitations of the present study are discussed in detail below.  400 

 401 

4.1 ASSIMILATION AND CONTRAST 402 

As defined by MacKinnon (MacKinnon et al., 2007), a mediating variable transmits the effect of 403 

an independent variable on a dependent variable and testing mediation can explain the process by which 404 

one variable affects another. Thus mediation analysis is a convenient tool to test whether assimilation or 405 

contrast effects occurred (Blackmore et al., 2021). In this study we wanted to test whether expectations 406 
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mediated the effect of extrinsic and intrinsic cues on sensory and hedonic perception. We used product 407 

cues that are commonly associated with alcoholic and reduced alcohol beers: labelled alcohol content, 408 

sensory descriptors, beer colour. Mediation analysis allowed us to demonstrate that the relationship 409 

between product-related cues and change in perception is often mediated by expectations.  410 

When examining the effects of intrinsic cues, beer colour, presented in Figures 4 A, B, C and D, 411 

we can see, that beer colour had a significant effect on expected and perceived bitterness, refreshment, 412 

and body of beer. We demonstrated that the effect of beer colour refreshment and body was mediated by 413 

expectations. Darker colour in our experiment increased both expected and in turn perceived body and 414 

bitterness and decreased expected and perceived refreshment. Considering the assimilation and contrast 415 

theory, we can conclude that manipulating the beer colour generated consumer expectations which were 416 

then assimilated and resulted in changes to participants’ perception.  417 

The results from the present study are in agreement with results from our earlier study (Blackmore 418 

et al., 2021). In both studies, we demonstrated the relationship between beer colour and both expected 419 

and perceived bitterness. Beer colour was previously associated with increased expectations of bitterness 420 

and body, however not always with change in sensory perception ( Carvalho et al., 2017).  The samples 421 

used in the Carvalho et al. (2017) study, however, were much darker (17.5 and 50 EBC) than samples 422 

used in the present study (5 vs 25 EBC). Considering this difference, it is possible that the relationship 423 

between beer colour and change in perception is observed only in a specific colour range. In future 424 

studies, the effects of beer colour on sensory and hedonic properties need to be studied in more detail 425 

and researchers should consider beer colour on a continuum rather than a binary dark vs. light.  426 

We should point out that in the case of bitterness, while the effects on both expected and 427 

perceived bitterness were direct, we did not observe mediation. This finding is in contrast to our previous 428 

findings (Blackmore et al., 2021) in a similarly designed study with fewer variables,  in which we 429 

demonstrated that the effect of colour on perceived refreshment, body and bitterness was mediated 430 
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through expectations. However, since the effect of other extrinsic product cues, including other sensory 431 

descriptors in this and our previous study (Blackmore et al., 2021), and considering the theoretical model 432 

of expectations (de Lange et al., 2018; Deliza & MacFie, 1996), it is unlikely that beer colour would 433 

affect perceived bitterness only directly rather than indirectly through expectations.    434 

In the literature it is well documented that some sensory descriptors can modulate sensory 435 

experience and/or expectations (Fernqvist & Ekelund, 2014; Okamoto & Dan, 2013; Piqueras-Fiszman 436 

& Spence, 2015).  Looking at the results of the present study, we can see, that some of the sensory 437 

descriptors used also generated expectations, however, not as consistently as was the case of colour. 438 

Interestingly, unlike in the case of beer colour, sensory descriptors in most cases did not change 439 

participants’ perception. On a closer inspection, we notice that, at least in the case of perceived bitterness 440 

and refreshment, only relevant sensory descriptors lead to changes in perceived bitterness and 441 

refreshment, respectively. In the instance of perceived body, the descriptor “full body” while increasing 442 

expectations of body did not change participants’ ratings of body, and the descriptor “refreshing” lead to 443 

decreases in both expected and perceived body. Why this was the case is not quite clear. However, 444 

refreshment and body can be in some circumstances negatively correlated (Blackmore et al., 2019), 445 

possibly explaining the effect of the descriptor “refreshing” on perceived body in the present study. In 446 

summary, it appears that sensory descriptors can shape perceived sensory properties of beer, particularly 447 

when they are relevant for the sensory percept, such as bitterness being shaped by the descriptor “bitter”, 448 

but not by the descriptor “full body”.    449 

Turning to the labelled alcohol content, our analysis showed that labelled alcohol content 450 

consistently affected consumer’s hedonic but not sensory expectations. More specifically, beers labelled 451 

as alcoholic were expected to be more bitter, have fuller body and be liked more. The labelled alcohol 452 

content however, only changed participants’ liking, an effect mediated by expected liking. This finding 453 

is in line with previous research which suggests that liking and alcohol content are closely related. For 454 

example, adding alcohol into non-alcoholic lager beers can increase consumers’ ratings of liking 455 
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(Ramsey et al., 2018), and labelling non-alcoholic beers as alcoholic can increase perceived liking (Silva 456 

et al., 2017), presumably through improved expectations. Similarly, labelling wines as “partially 457 

dealcoholized” decreased both expected and perceived liking (Meillon et al., 2010).  458 

To conclude, while a specific sensory descriptor (“bitter”) appears to be able to affect specific 459 

sensory percept (bitterness), beer colour can modulate consumer experience more generally. Therefore, 460 

we can employ both colour and sensory descriptors to improve the perceived sensory profile of beer, 461 

although more research is needed to assess the impact of a wider range of beer colours.  However, as 462 

neither beer colour nor the sensory descriptors changed participants’ liking, it might not be possible to 463 

use these product cues to improve consumer experience of non-alcoholic beers. As the labelled alcohol 464 

content was a good predictor of expected and perceived liking, it should be investigated whether 465 

detracting participants’ attention from the “0.0% ABV” label might improve hedonic ratings. 466 

4.2 PERCEPTION AS PROBABILISTIC INFERENCE 467 

As reported above, all cases of product cues affecting consumers’ experience were cases of 468 

assimilation, that is perception changed to better match prior expectations. In other words, the difference 469 

between prediction and perception (i.e. the prediction error) was minimised. This fits well not only with 470 

the assimilation/contrast account of expectations, but also with more theoretical accounts of sensory 471 

perception. Increasingly, psychology is moving away from conceptualising perception as information 472 

processing and rather views it through the lens of probabilistic or Bayesian inference (A. Clark, 2013).  473 

Theories of probabilistic predictions and Bayesian inference are the cornerstone of the most current and 474 

comprehensive theory of perception (action and learning): the free energy principle framework (A. 475 

Clark, 2013; Friston, 2010; Friston et al., 2011; Friston, 2012a, 2012b; Friston & Kiebel, 2009b; Hohwy, 476 

2007; Siman-Tov et al., 2019). 477 

The free energy principle postulates that perception optimizes predictions by minimizing free 478 

energy with respect to synaptic activity, which links to the Bayesian probabilistic view of perception 479 
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(Friston, 2003). This model of perception conceives the brain as a prediction machine which, based on 480 

previous experience and cues in the environment, is constantly predicting our experience: what we are 481 

about to see, hear and taste. These predictions are then contrasted, through multiple feedback loops, 482 

against sensory input (Friston, 2003; Siman-Tov et al., 2019). The aim of any prediction is to be accurate 483 

and indeed it appears that the brain is trying to avoid errors in prediction that are mismatched between 484 

sensory input and expectations (Friston, 2003; Friston & Kiebel, 2009a). One way to minimise 485 

prediction errors is to make accurate predictions: this lies at the core of learning, which results in more 486 

accurate predictions in future (reference). However, as Friston implies, prediction errors can also result 487 

in changes in perception (Friston, 2010).  488 

 Once the properties of sensory stimuli (here aspects of taste, flavour and mouthfeel) are compared 489 

to our predictions, and the difference between the prediction and actual properties of the stimulus 490 

(mismatch, often referred to as prediction error) are evaluated, one of the following scenarios ensues: 1. 491 

The prediction was spot on and matched the properties of the stimulus/ sensory input. An ideal case in 492 

which nothing happens, as there is no need for any adjustments.  2. The prediction was way off, resulting 493 

in a surprise. This draws our attention to this mismatch between prediction and properties of the 494 

stimulus, we take notice and adjust our future predictions. 3. The prediction was relatively close to the 495 

properties of the sensory stimulus.  496 

It is not difficult to appreciate how the assimilation/ contrast theory relates to the free energy 497 

principle model of perception, which highlights the importance of minimization of prediction errors. We 498 

can see that scenario 2 described above (the mismatch between expected and actual properties of the 499 

stimulus is relatively large) would be akin to the contrast effect: the mismatch (prediction error) between 500 

prediction and sensory input is increased, that is, the difference is highlighted, arguably to attract 501 

attention, which leads to more accurate subsequent predictions and thus minimising the size of future 502 

prediction errors. However, when the mismatch between expected and actual stimulus properties is 503 
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relatively small, a way to minimise prediction error is to adjust our perception in real time. This is what 504 

happens during assimilation: perception of taste or flavour shifts closer to what we expected. 505 

A good understanding of the relationship between product properties, product cues, expectations, 506 

and perception can guide product design that would lead to increase in consumers’ enjoyment and 507 

acceptability of products, e.g. reduced-alcohol beers. However, there are several research questions to be 508 

addressed in future. For example, what is the maximum size of mismatch (prediction error) resulting in 509 

assimilation, and what size of prediction error/mismatch is necessary for the contrast effect to occur? 510 

Indeed, there seems to be a considerable lack of understanding of the conditions necessary to induce 511 

contrast and this should be a focus of future research.  512 

4.3 LIMITATIONS 513 

Even though the results of the current study are in line with theory and consistent with our 514 

previous published and unpublished data (Blackmore et al., 2020), it is appropriate to discuss potential 515 

limitations. Apart from usual methodological issues common in psychology research, such as relatively 516 

young age and of the participants and associated WEIRD2 bias, potential demand characteristics 517 

resulting from a repeated measures design etc., there were two specific limitations in the current study.  518 

Firstly, the fractional factorial design of the study meant that not all combinations of factors (beer 519 

colour, labelled ABV, ABV, sensory descriptor) were presented to all participants. While a potential 520 

advantage of such a design is that participants taste fewer samples and thus minimise sensory fatigue, a 521 

phenomenon especially problematic with alcoholic beverages (Seo et al., 2015), the design employed in 522 

the current study made it statistically difficult to reliably test potential interactions between the variables. 523 

 

 

2 WEIRD refers to participants from Western, educated, industrialized, rich and democratic societies 
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However, in our previous study (Blackmore et al., 2021), we did not observe any interactions between 524 

extrinsic and intrinsic cues as far as expectations or perceptions were concerned, thus not observing any 525 

meaningful interactions in the current study ultimately does not raise a major concern.  526 

The second issue arose during the blind tasting session. To obtain participants’ baseline ratings, 527 

we asked them to rate the beer samples without any influence of extrinsic or intrinsic factors. We tried to 528 

conceal the colour of the beer by using red lighting and minimising light emitted from the PC screen. 529 

Yet, despite the measures taken, the ratings of perceived body seemed to be affected by the beer colour, 530 

with darker beers rated as having significantly fuller body than light-coloured beers. While this could be 531 

a type I error and the significant difference has arisen by chance, it remains possible that participants 532 

were able to notice some difference between the samples. Perhaps because of the unusual conditions 533 

(tasting small beer samples in a dark, red lit room) participants were more cautious and examined the 534 

samples more closely than they would normally, which might have led to them noticing the subtle 535 

difference in appearance.  The baseline ratings were not used in analysis of data from the experimental 536 

session, neither it was used in the mediation analysis. We used the baseline data to quantify the change 537 

in perception, but this analysis does not relate to the research questions addressed in the current paper.   538 

4.4 CONCLUSION 539 

While beer is still one of the most popular beverages and the most consumed alcoholic beverage 540 

worldwide, there has been a slow decline in sales (BarthHaas Report, 2021). On the other hand, sales of 541 

non-alcoholic beer have been steadily increasing (Non-Alcoholic Beer Market Report, 2020.). Despite 542 

these trends, consumers often complain about perceived flavour profile of beer with reduced alcohol 543 

content. As expectations have been shown to affect consumers’ perception and acceptance of number of 544 

products, we wanted to explore the effect of extrinsic and intrinsic cues on perceived properties of both 545 

alcoholic and non-alcoholic beer and to explore the relationship between these cues, expectations and 546 

perception.  547 
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We have demonstrated that product-related cues, especially beer colour, can significantly influence 548 

consumer’s perception of taste, flavour and mouthfeel and that these effects are mediated by 549 

expectations. Additionally, we have discussed how these findings fit in with the assimilation/contrast 550 

theory and more broadly with the free energy principle. Based on the results of the study and underlying 551 

theoretical underpinnings, we conclude that altered expectations may, indeed be a good way to improve 552 

consumers’ experience and a better understanding of expectations, especially in the context of taste and 553 

flavour perception is necessary. However, we cannot conclude that product cues such as beer colour or 554 

sensory descriptors can be used to improve consumer experience of non-alcoholic beers.   555 

 556 
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Tables 782 

Table 1 783 

Visual analogue scale anchors used during the blind and experimental sessions. 784 

  Anchors 

0 (0.0%) 100 (6.0%) 

Expected 

Bitterness not at all extremely 

Refreshment not at all extremely 

Liking dislike extremely like extremely 

Body light full 

Confidence just guessing 100% certain 

Perceived 

Bitterness not at all extremely 

Refreshment not at all extremely 

Liking dislike extremely like extremely 

Body light full 

Alcohol content non-alcoholic/ low alcohol strong 

 785 

Table 2 786 

Mean (SE) perceived characteristics of the four samples of beer tasted during the blind tasting session. 787 

 788 

 0.0% 4.5% 

 light dark light dark 

Bitter 
24.5 

(2.4) 

23.8 

(2.4) 

26.3 

(2.4) 

32.5 

(2.6) 

Refreshment 
54.6 

(2.6) 

52.0 

(2.6) 

52.6 

(2.3) 

49.8 

(2.3) 

Body 
26.0 

(2.0) 

31.5 

(2.2) 

39.6 

(2.4) 

48.8 

(2.4) 

Liking 
53.4 

(2.3) 

51.7 

(2.4) 

58.7 

(2.4) 

57.6 

(2.3) 
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Perceived alcohol 

content 
2.8 (0.1) 2.9 (0.1) 3.5 (0.1) 3.4 (0.1) 

 789 
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Table 3. 

A numerical summery of the fixed effects of the multilevel mediation analysis.  Credible intervals are in square brackets. me is the average mediated effect, c’ is 

the direct effect, a represents the effect of the variable on expectations and b is the effect of expectations generated by given variable on perception. Instances 

where credible intervals do not contain 0 are in bold. 

 

bitterness refreshment liking body 

Colour 

(dark) 

descriptor 

Labelled 

ABV (0.0%) 

Colour 

(dark) 

descriptor 

Labelled ABV 

(0.0%) 

Colour 

(dark) 

descriptor 

Labelled 

ABV (0.0%) 
Colour (dark) 

descriptor 

Labelled ABV 

(0.0%) 
“bitter” “refreshing” 

“full 

body” 
“bitter” “refreshing” 

“full 

body” 
“bitter” “refreshing” 

“full 

body” 
“bitter” “refreshing” “full body” 

a 

 

18.03 

[14.03, 

22.01] 

8.87 [4.26, 

13.50] 

-5.97 [-10.20, -

1.62] 

-4.38 [-

8.93, 

0.38] 

-7.07 [-9.59, 

-4.56] 

-16.54 [-

20.36, -

12.72] 

0.02 [-

4.00, 4.14] 

10.19 [5.69, 

14.67] 

3.04 [-

1.12, 

7.26] 

-1.55 [-

3.91,0.80] 

-1.99 [-

6.01,1.83] 

-3.46 [-7.60, 

0.68] 

1.27 [-2.47, 

4.95] 

0.94 [-

3.06, 

5.07] 

-8.03 [-

11.07, -

5.03] 

25.94 [21.73, 

30.10] 

-3.32 [-

8.48, 1.66] 

-8.86 [-13.61, -

4.09] 

8.84 [1.71, 

15.76] 

-7.82 [-10.64, 

-4.98] 

b 

 

0.10 [0.02, 

0.18] 

0.20 [0.10, 

0.31] 

0.13 [-0.01, 

027] 

0.18 

[0.07, 

0.29] 

0.17 [0.11, 

0.24] 

0.18 [0.11, 

0.25] 

0.26 [0.14, 

0.37] 

0.27 [0.18, 

0.37] 

0.37 

[0.22, 

0.51] 

0.30 

[0.24,0.37] 

0.16 [0.08, 

0.24] 

0.26 

[0.14,0.39] 

0.20 [0.07, 

0.33] 

0.11 [-

0.02, 

0.25] 

0.18 [0.11, 

0.26] 

0.20 

[0.12,0.29] 

0.37 [0.24, 

0.50] 

0.29 [0.17, 

0.42] 

0.30 [0.17, 

0.44] 

0.32 [0.24, 

0.39] 

c’  
4.03 [1.06, 

7.30] 

-0.20 [-

4.43, 3.95] 

-0.35 [-4.22, 

3.49] 

-1.45 [-

5.70, 

2.78] 

-1.28 

[-3.55, 0.99] 

-7.37 [-

10.16, -

4.56] 

3.26 [-

0.05, 6.65] 

-0.97 [-4.43, 

2.49] 

2.14 [-

1.97, 

6.20] 

-0.56 [-2.48, 

1.43] 

-2.51 [-5.04, 

0.03] 

1.63 [-1.73, 

4.99] 

-2.38 [-5.97, 

1.25] 

2.76 [-

1.51, 

6.93] 

-2.16 [-4.36, 

0.08] 

8.12 [4.97, 

11.61] 

-1.40 [-

3.71, 0.56] 

-2.85 [-

6.75,1.07] 

-3.66 [-

8.34,0.99] 

-1.58 [-

3.93,0.83] 

me 

 

1.72 [-

0.10, 3.65] 

1.78 [0.60, 

3.31] 

-0.84 [-

2.12,0.10] 

-0.76 [-

1.96, 

0.16] 

-1.22 

[-1.90, -

0.62] 

-3.22 [-

5.09, -1.77] 

-0.03 [-

1.20, 1.12] 

2.81 [1.36, 

4.59] 

1.16 [-

0.44, 

2.98] 

-0.45 [-1.22, 

0.30] 

0.25 [-1.08, 

1.64] 

-0.94 [-2.35, 

0.20] 

0.23 [-0.65, 

1.19] 

0.13 [-

0.57, 

0.93] 

-1.20 [-2.35, 

-0.15] 

5.84 [2.98, 

8.87] 

-1.42 [-

3.71, 0.56] 

-2.66 [-4.69, -

1.02] 

2.72 [-0.13, 

6.08] 

-2.50 [-3.71, 

-1.46] 
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Figures 

       

       

Figure 1. Labels used in the experiment. Each participant was exposed to labels with one of the sensory descriptors bitter, refreshing and full body, 

and labels without any sensory descriptor. These labels additionally contained information about alcohol content: they were labelled as either 

alcoholic (4.5%) or non-alcoholic (0.0%). 

 

 

 

Figure 2. A schematic depiction of the beer tasting procedure in the blind and experimental sessions  
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Figure 3. Ratings of perceived bitterness (A), refreshment (B), liking (C) body (D), and alcohol content (E) during the blind tasting session. The 

perceived bitterness, refreshment, body, and liking were measured on 0-100 VAS and perceived alcohol content was measured on a 0% - 6% ABV 

VAS. 
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Figure 4. Causal mediation analysis.  Relationships between extrinsic and intrinsic cues, expectations and perception of bitterness (A), refreshment 

(B), liking (C) and body (D).  Numeric values represent estimates of the direct effect (a, b, c’) with the indirect effect (me) in brackets below. Each 

line in the mediation model denotes a presence and a nature of a relationship between the variables:  
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 Direct effect, credible interval of direct effect excludes 0 

 Direct & indirect effect, credible intervals of both effects exclude 0 

Indirect effect only, credible interval of indirect effect excludes 0, direct effect includes 0
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Supplementary material 

Table S1.  

Group means and standard deviations (in brackets) of participants BMI, age, mood and fullness 

Condition BMI 

(sd) 

Age 

(sd) 

Hunger 

(sd) 

Fullness 

(sd) 

Thirst 

(sd) 

Tiredness 

(sd) 

Happy 

(sd) 

Energy 

(sd) 

Alertness 

(sd) 

Anxiety 

(sd) 

Clarity 

(sd) 

‘Bitter’ 23.10 

(3.64) 

26.9 

(7.6) 

36.3 

(28.2) 

47.8 (24.7) 59.9 

(25.5) 

40.3 (25.7) 63.1 

(14.9) 

56.0 

(16.5) 

58.6 

(21.2) 

28.4 

(26.2) 

70.2 

(19.6) 

‘Refreshing’ 24.30 

(4.28) 

26.7 

(6.2) 

36.5 

(28.2) 

46.3 (25.4) 50.1 

(21.9) 

43.0 (23.1) 66.5 

(13.5) 

63.4 

(19.8) 

56.8 

(28.0) 

23.7 

(22.2) 

69.9 

(24.5) 

‘Full Body’ 23.60 

(2.68) 

27.9 

(8.1) 

40.0 

(31.2) 

51.6 (25.8) 62.2 

(19.3) 

43.3 (23.2) 67.2 

(15.4) 

54.6 

(21.3) 

67.0 

(17.9) 

25.7 

(21.5) 

79.2 

(17.5) 

 

 

 

 

 

 

 

 

Table S2.  
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Participants’ drinks consumption. The table reports participant counts in each condition. High consumption was defined as consuming the 

beverage fortnightly or more often, while low consumption was considered less often than fortnightly. 

 

 Beer Consumption Non-Alcoholic Beer 

Consumption 

Wine Consumption Spirits Consumption  

 High Low High Low High Low High Low Total 

‘Bitter’ 26 4 1 29 19 11 14 16 30 

‘Refreshing’ 24 4 1 27 18 10 15 13 28 

‘Full Body’ 21 8 0 29 18 11 12 17 29 

Total 71 16 2 85 55 32 41 46 87 
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