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Abstract 1 

Most studies that examine responses to food cues use images of actual foods as 2 

stimuli.  Since foods are rewarding in multiple ways, it then becomes difficult to try and 3 

partial out the role of the importance of different aspects of food reward.  Here we 4 

aimed to evaluate the impact of novel visual cues specifically associated with the 5 

immediate sensory reward from a liked sweet taste.  In the training phase, one visual cue 6 

(CSsweet) was associated with the experience of sweet taste (10%sucrose) and a second, 7 

control cue (CSneutral) with a neutral taste (artificial saliva) using a disguised training 8 

procedure.  In Experiment 1, participants (n = 45) were given an ad libitum snack intake 9 

test 30 min post-training, either labelled with CSsweet or CSneutral.  Total caloric 10 

consumption was significantly higher in the CSsweet (650 ± 47kcal) than CSneutral (477 ± 11 

45kcal) condition, but ratings of liking for the snacks did not differ significantly between 12 

conditions.  In Experiment 2, participants (n = 80) exhibited an overall attentional bias 13 

(22.1 ± 9.9 msec) for the CSsweet relative to CSneutral cue (assessed using a dot-probe 14 

task), however rated liking for the CSsweet did not change significantly after cue-sweet 15 

training. Likewise, measures of expected satiety for drinks labelled with CSsweet did not 16 

differ significantly from CSneutral.  Overall these two experiments provide evidence that 17 

associations between neutral visual cues and the experience of a liked sweet taste leads 18 

to cue-potentiated eating in the presence of the CSsweet cue.  With no evidence that 19 

cue-sweet training altered rated liking for the visual cues, and in keeping with extant 20 

literature on the dissociation of hedonic and rewarding properties of food rewards, we 21 

propose this potentiation effect to reflect increased incentive salience.  22 

Key words 23 

Taste hedonics, sweet, cue-potentiated eating, conditioning, incentive learning. 24 
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1.0 Introduction 26 

Humans, like other animals, monitor their current and future state and environmental 27 

signals of resource availability or scarcity in a dynamic process that regulates appetite [1, 28 

2].  The worldwide increase in obesity [3, 4], however, reflects how problematic the 29 

process of appetite control has become for humans living with an over-abundance of 30 

food in the context of reduced energetic needs [5, 6].  Amongst the many features of this 31 

“obesogenic” environment, the ubiquity of food-related cues has received particular 32 

attention as a potential driver of over-consumption [7-9].  In line with this, obese 33 

individuals are hyper-reactive to food cues [10].  This understanding has led to novel 34 

approaches to obesity treatment which focus on retraining individual responses to food 35 

cues [e.g. 11, 12].  However, further development of these approaches is hampered by 36 

our inadequate understanding of the complex associations between food cues and 37 

different aspects of the rewarding nature of eating. 38 

The idea that food is rewarding, and that food-associated cues are endowed with 39 

rewarding properties to impact on a range of motivational processes, is critical to studies 40 

examining responses to food cues.  But foods can serve as rewards in multiple ways, 41 

including as an immediate sensory experience (hedonic reward) and through the 42 

nutrients they provide.  These two aspects of reward map onto current motivational 43 

models that dissociate hedonic, liking, from the incentive properties that mediate desire 44 

or wanting [13, 14].  However, what becomes difficult in studies which examine 45 

responses to images of foods is that these images are likely to involve associations with 46 

both liking and wanting.  Moreover, the degree to which any individual responds to a 47 

given food image would depend on their past experience with that image and its 48 

associated food, which is outside of the control of the experimenter.  Beyond these 49 
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primary reward-related associative memories, food images may also evoke broader 50 

memories, including of when and with whom specific foods were consumed, potentially 51 

health-related concerns, and so on.  Thus, for example, an image of a chocolate cake may 52 

trigger expectations of liking, a desire to consume (wanting) and memories of special 53 

occasions or worries about weight-gain and ill-health.  Moreover, some of these the 54 

consumer may be aware of, but other reward associations may be at an unconscious level 55 

[13].  The key issue is the lack of access the experimenter has to what has been learned 56 

previously for each person. 57 

One possible solution is to train new associations explicitly targeted at specific aspects of 58 

food reward, and that is the approach taken here, focussing on the rewarding experience of 59 

a liked sweet taste as an example of hedonic reward.  Previously we used an analogous 60 

approach where we associated novel visual cues with the experience of winning or losing 61 

food rewards [14]; notably, participants subsequently consumed more in a snack intake test 62 

when test foods were labelled with cues previously associated with winning food.  However, 63 

in that study the training associated novel visual cues with the chance to work for pictures 64 

of snack food rewards.   While that study provided evidence that cues associated with 65 

earning foods could themselves potentiate subsequent eating, it is not possible to 66 

determine what aspect of food reward drove these effects.  Moreover, in that study the cue 67 

acted as a signal for when food could be earned, or said differently as an (instrumental) 68 

discriminative stimulus.  However, studies in non-human animals have conceptualised and 69 

studied cue-potentiated eating in terms of explicit stimulus-stimulus-type Pavlovian 70 

associations [15, 16], and the present studies built on these, as well as our earlier paper, to 71 

focus on (a) Pavlovian associations and (b) one specific aspect of food reward. 72 

 73 
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Here we specifically target the hedonic reward of a specific sweet taste.  One of the 74 

critical pieces of evidence used to develop the idea of wanting and liking as separable but 75 

interacting components of reward is the response to sweet tastes [17].  Critically, the 76 

positive orofacial reactions of rats experiencing a sweet taste were interpreted as 77 

evidence of the hedonic component of the neural basis of reward, and led to the 78 

discovery of discrete brain areas (“hedonic hotspots”) strongly activated by sweet tastes, 79 

and which were dissociable from areas associated with acquired incentive motivation 80 

[18, 19].  Given the importance of sweet taste, and the widespread belief that liking for 81 

sweetness is a driver of obesity [20], specifically, we examined whether cues explicitly 82 

associated with the brief experience of a liked sweet taste, relative to a neutral taste, 83 

would 1) alter subsequent snack intake (Experiment 1), and would 2) attract attention, 84 

increase liking and generate satiety expectations (Experiment 2). 85 

The first issue addressed is the extent to which the presence of a sweet-associated 86 

cue modifies acute ingestion.  The idea that the presence of extrinsic food-related cues in 87 

the environment may themselves lead to overconsumption has been widely supported 88 

by studies of cue-potentiated feeding in non-human animals [e.g. 15, 21, 22].  In those 89 

studies, novel cues (interpreted as Pavlovian conditioned stimuli, CS) were presented 90 

either during a meal (CS+) or between meals (CS-).  Subsequent presentation of the CS+, 91 

but not CS-, to animals who were sated have been shown to both initiate feeding [16], 92 

and to increase meal-size [21, 23].  Likewise, re-exposing rats to an environmental 93 

context previously paired with food availability can re-initiate and potentiate feeding in 94 

sated rats; an effect dependent on activation of brain structures implicated in other 95 

forms of Pavlovian conditioning effects, such as the basolateral amygdala (Petrovich etc). 96 
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We are aware of only one paper in humans which has used an explicit cue-food training 97 

paradigm to explore similar cue-potentiated eating with extrinsic Pavlovian conditioned 98 

type cues [24].  In two experiments preschool children in the USA associated one stimulus 99 

(CS+: rotating red light plus music) with the availability of palatable snack foods (placed on 100 

the table adjacent to cue presentation), and a second CS- cue (a red, yellow and green 101 

traffic light and a distinctly different piece of music) when no food was present.  In 102 

Experiment one, children ate 75 kcal more at a snack intake test when the CS+ was present 103 

than the CS-, and this effect was replicated in a second experiment where children again ate 104 

significantly more in the presence of the CS+ (190 kcal) than the CS- (118 kcal).  105 

Interestingly, all 15 children initiated eating within one second after CS+ presentation, 106 

compared to 3 out of 15 for the CS-, further illustrating the extent to which the potentiation 107 

effect is stimulus-bound.  However, whether the association was driven through enhanced 108 

liking or wanting for the test foods is unclear, noting that these concepts have been 109 

developed since that study was conducted.  Our own, previous study provided additional 110 

evidence from the laboratory that cues associated with receipt of food could potentiate 111 

subsequent snack intake [14], with the cues in that study acting as instrumental 112 

discriminatative stimuli.   Whether similar effects will be seen for Pavlovian associations of 113 

novel visual cues and a liked sensory experience (e.g. sweet taste) remains untested.  114 

Experiment 1 therefore examined the extent to which novel visual cues associated with the 115 

experience of a liked, sweet taste could alter voluntary intake of sweet and savoury snack 116 

foods, using a disguised intake test. 117 

 118 

2.0 Experiment 1: Effects of Pavlovian cue-sweet associations on ad libitum intake of 119 

snack foods and hedonic ratings. 120 
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 121 

2.1 Methods 122 

2.1.1 Design and ethics 123 

The study used a between-participants design to contrast intake of, and liking for, four 124 

snack foods and two drinks labelled with visual cues which were trained to be specifically 125 

associated with either a liked, sweet taste (CSsweet condition) or a neutral taste 126 

(CSneutral condition).  The study protocol was approved by the University of Sussex 127 

Science and Technology C-REC Ethics committee (protocol MYTRS1211), and was 128 

conducted in accordance with the ethical standards laid down by the British 129 

Psychological Society and in line with the Declaration of Helsinki.  130 

 131 

2.1.2 Participants 132 

Potential participants, largely students and staff at the University of Sussex, were 133 

notified of the study through postings on a recruitment webpage and posters placed 134 

around the campus.  We excluded those who had ever been diagnosed with an eating 135 

disorders, were diabetic, had an allergy or aversion to any of the ingredients they might 136 

experience in the snack intake test, smoked more than five cigarettes per week or who 137 

were on prescription medication (excluding the contraceptive pill).  Additionally, to 138 

control for potential confounding effects of dietary restraint, potential participants who 139 

scored greater than 7 on the Three Factor Eating questionnaire [TFEQ: 25] restraint scale 140 

were excluded since this could have affected intake.   141 

A total of fifty healthy volunteers (25 women) were recruited and randomly assigned 142 

to either the Experimental or Control condition.  Demographic data for the final sample 143 
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of 45, after exclusions (see 2.1.7), are shown in Table 1: there were no significant 144 

differences in age, BMI, hunger at test or TFEQ restraint between the two test groups. 145 

 146 

2.1.3 Sweet-liker screening.   147 

The key association in this study was between a novel visual cue (CSsweet) and a liked 148 

sweet taste (10% sucrose solution).  There is clear evidence for significant individual 149 

differences in hedonic response to sucrose in humans [26], and past research has shown 150 

that these individual differences influence performance in tests of sucrose-based associative 151 

learning [27, 28]. To ensure participants responded positively to the 10% sucrose solution, 152 

all potential participants attended a short screening session at least one day before the 153 

main test session during which they rated two samples of 10% sucrose solution and two 154 

samples of water for pleasantness, sourness, sweetness, bitterness and saltiness using visual 155 

analogue scales (VAS). The VAS were end-anchored with ‘Very pleasant’ (scored 100) and 156 

‘Very unpleasant’ (scored 0) for rating flavour pleasantness, and ‘Extremely’ (scored 100) 157 

and ‘Not at all’ (scored 0) for the other 4 ratings.  The label for the dimension evaluated (i.e. 158 

“How pleasant was the flavour?”) was presented above the centre of each line.  Ratings 159 

were made using Sussex Ingestive Pattern Monitoring software (SIPM, version 2.013 or 160 

later, University of Sussex).  Ten millilitre samples of each solution were refrigerated and 161 

brought to room temperature prior to tasting.  Participants progressed to the main testing 162 

sessions only if their average rating of the two sucrose solutions was at least 55pt on both 163 

the pleasantness and sweetness VAS: those who failed to meet these criteria were 164 

excluded.  In total, 78 participants were screened of whom 50 met the criteria to 165 

participate.  This procedure was based on previous studies of learning with sweet-taste 166 

stimuli in this laboratory [27-29] and elsewhere [30, 31].    167 
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 168 

2.1.4 Cue-taste association task 169 

The cue-taste associative learning task was modified from a procedure previously 170 

developed to pair odours and sweet tastes [27, 32], and used a ‘false odd-one-out’ 171 

method.  The task commenced with instructions displayed on a computer screen and was 172 

programmed and controlled using E-Prime (version 1.2, Psychology Software Tools).  In 173 

total, each participant experienced a total of 15 pairings of one cue paired with the sweet 174 

taste (CSsweet condition) and 15 pairings of a second cue paired with the neutral taste 175 

(CSneutral condition).  This was achieved by the participants completing five blocks of 176 

five trials, with each block comprising one instance of the CSsweet, CSneutral and three 177 

filler trials.  On each of these trials they tasted a set of three cups of stimuli.  To disguise 178 

the cue-taste pairings, the experiment was presented to participants as an “odd-one-out” 179 

task, where on each trial they were asked to identify which one from each set of three 180 

stimuli differed in flavour.  Crucially, during both the CSsweet and CSneutral trials there 181 

was no difference, forcing participants to pay close attention to those stimuli and to 182 

record a guess about which was different.  The other three trials were fillers where there 183 

was a clear, unambiguous odd-one-out.  The 15 test stimuli were presented as 150ml 184 

samples in 200ml polystyrene cups, with five rows (one row each for the two target and 185 

three distractor trials) of sets of three cups, on a large white tray.  Only the relevant 186 

visual cue indicated which set of samples to taste on each trial.  The positioning of the 187 

two target and three control rows was randomised between participants. 188 

Participants received the following instructions:  189 

“For this task, you will be presented with an odd-one-out test. You will be asked to 190 

take one of the sets of three drinks and place it in front of you. Your task will be to taste 191 



 11 

each solution and determine which solution is the odd-one-out based on its taste.  Some 192 

trials will be hard and some will be easy. You must select the solution that you think is 193 

the odd-one-out by its location on the tray. For example, if you think the solution on the left 194 

of the tray is the odd-one-out then click the picture on the left of the screen.”  195 

To ensure participants paid sufficient, close attention to the visual cue, the relevant cue 196 

for each trial was displayed both on the computer screen and was printed onto each cup for 197 

that set (as a 4cm x 4cm label).  Each trial then started with the on-screen display of the 198 

visual cue indicating which set of three stimuli were to be assessed.  Beneath the on-screen 199 

cue were three response boxes (green coloured rectangles) matching the position of each of 200 

the three stimuli (left, centre, or right), and once participants had determined which was 201 

the odd-one-out, they selected the relevant box.  Participants were instructed to use the 202 

visual cue to identify the relevant stimuli, to take a small sip from each cup (in whichever 203 

order they liked), swirl then expectorate, and to rinse with water between each solution.   204 

The order in which the five sets was displayed within each block was randomised, with a 205 

10 second pause between trials, and a 30 second pause between each of the five blocks. 206 

The visual cues were in the form of novel “logos” (Figure 1), selected from a series of 207 

images originally designed by Kuwayama [33].  A pilot study was conducted to test ratings of 208 

liking and familiarity for ten potential cues, and the five used here were on average rated as 209 

neutral for liking (all scoring 40-60 on 100pt VAS liking scale), and as relatively unfamiliar (all 210 

<40 on VAR familiarity rating).  These cues have previously been used in other successful 211 

studies of cue-based learning in a food context [14, 34].   212 

Images were assigned to serve as either CSsweet, CSneutral, or one of the three control 213 

images on filler trials, and this was counterbalanced across conditions.  214 
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On the two key picture-taste training trials in each block, the three solutions were 215 

identical (i.e. a false odd-one-out): one set had three cups of 10% sucrose labelled with the 216 

CSsweet cue, and the second set labelled with the CSneutral cue all contained a neutral 217 

taste, consisting of “artificial saliva” (1.87g/l of potassium chloride, KCl, Sigma-Aldrich, 218 

and 0.21g/l of sodium bicarbonate, NaHCO3, Sigma-Aldrich, dissolved in deionised water;  219 

[35]).  The other trials were fillers, and for these there was a clear and obvious odd-one-220 

out options.  One of these trials had three cups of water flavoured with acai flavouring 221 

(Givaudan plc, UK), two with a weaker solution (0.10g/l), and one stronger (0.19 g/l); one 222 

trial consisted of two cups of grapefruit flavour (0.15g/l, Givaudan plc, UK) and one cup 223 

of water, and the final control trial consisted of one cup of raisin flavour (0.15g/l, 224 

Givaudan plc, UK) and two cups of water.  The position of the correct answer on control 225 

trials was counterbalanced.   226 

No data were recorded as the sole aim of the procedure was to co-present the 227 

relevant visual cue and taste solution. 228 

 229 

2.1.5 Snack intake test 230 

The effects of the Pavlovian learnt taste cues on subsequent food consumption were 231 

tested using a single snack intake test (Figure 2a), where participants were served a tray 232 

of four commonly consumed UK-based snack foods in white bowls, consisting of two 233 

sweet foods (chocolate chips, Cadbury’s UK and flapjack bites, Sainsbury’s UK) and two 234 

savoury foods (mini-cheddar biscuits, McVities UK and pretzels, Snyders UK), along with a 235 

glass of a sweet cordial (fruit concentrate, Robinson’s UK) and a glass of water.  236 

Depending on the condition, the food and drink containers were either all labelled with 237 

the CSsweet or CSneutral cue.  Participants were told, using on-screen instructions 238 
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displayed using SIPM software, that they had 5 minutes to taste all of these items, that they 239 

would rate the products at the end of the task, and that since any leftovers would have to 240 

be disposed of, they were welcome to eat and drink as much as they liked.  Performance 241 

during the taste test was monitored by continuous weighing of the tray of snacks (using a 242 

disguised digital balance, model Sartorius BP 4100-S, and SIPM software) and by video 243 

recording using a small web-cam (Logitech C170) attached to the top of the PC monitor, and 244 

angled down to capture the whole snack tray (data not reported here).  At the end of the 5-245 

minute ad-lib consumption test they were instructed to stop eating, and then rate how 246 

pleasant, sweet, salty, savoury and familiar each item was using 100pt VAS end anchored 247 

with “Not at all [descriptor]” and “Extremely [descriptor]”.   248 

 249 

2.1.6 Procedure 250 

All testing was conducted in small windowless air-conditioned test cubicles in the Sussex 251 

Ingestion Behaviour Unit at the University of Sussex.  Having consented to participate and 252 

passed the sweet-taste screening, participants were invited to attend for a single session.  253 

To control appetitive state at testing, they were invited to attend the laboratory at a fixed 254 

time between 1200 and 1400h, where they were served a fixed lunch, consisting of a cheese 255 

and cucumber sandwich (40g of medium flavoured cheddar cheese, Sainsbury’s plc ”Great 256 

Every day” brand, Kingsmill plc, UK), a 34.5g packet of crisps (ready salted, Walkers brand, 257 

PepsiCo UK), five cherry tomatoes and a glass of water (total energy 554kcal).  Once 258 

consumed, they were allowed to leave the laboratory for 2h but were instructed to eat 259 

nothing and consume only water during this time.  Testing started with a brief “mood and 260 

appetite” survey, consisting of target ratings of hunger, full and thirst, randomly mixed in 261 

with distractor mood questions of how calm, clear-headed, energetic, headachy and tired 262 
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they felt, all presented as 100pt VAS (question format “How [descriptor] do you feel right 263 

now?”, presented using SIPM software).  This allowed us to test for spurious differences in 264 

baseline appetite between the CSsweet and CSneutral conditions.   265 

Participants then completed the cue-taste association task, which took around 20 266 

minutes.  At the end of this task they completed a contingency awareness test, presented 267 

using E-Prime.  Specifically, they were presented with all five logos, one at a time, and 268 

five boxes labelled with the taste names bitter, neutral, salty, sour and sweet, and were 269 

asked to select the taste that they most strongly associated with that logo.  They then 270 

rested in a nearby waiting room for 30 minutes before returning to the test cubicle to 271 

complete the ad-lib snack-intake test.  They then were given a structured debriefing, 272 

where they were first asked to state what they believed the purpose of the study was, 273 

and then explained the true aims of the study.  Their age, height (m) and weight (kg) 274 

were recorded, and they were thanked and rewarded with either a £7 payment or course 275 

credits for completion of a required ‘research skills’ element of their undergraduate 276 

degree programme.   277 

 278 

2.1.7 Data analysis 279 

Although 50 participants were recruited, data for 5 participants had to be excluded for 280 

one of the following reasons.  One participant was found, from the video analysis, to 281 

have removed some of the food but not consumed it, and one misunderstood the 282 

instructions and only took the minimum of each item needed to complete the ratings (all 283 

items less than 5g, participant identified as statistical outlier for overall energy intake). A 284 

system malfunction meant we lost all intake data for three participants.   285 
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Individual intake (g) of all six items in the snack intake test was calculated and converted 286 

to total energy consumed.  These values were then summed to give three key measures for 287 

statistical analysis of the intake results: total energy consumed (kcal), total sweet energy 288 

consumed (the sum of energy from the two sweet foods and the cordial) and total savoury 289 

energy consumed (sum of the two savoury foods).  Overall intake was contrasted between 290 

cue conditions (CSsweet or CSneutral) while controlling for sex (man or woman) using 291 

univariate Analysis of Variance (ANOVA), both with and without inclusion of rated hunger as 292 

a covariate.  Whether effects of the cues depended on the nature of the food items was 293 

tested by contrasting food type (sweet or savoury, within participant) between cue 294 

conditions, again controlling for sex and hunger, using repeated measures ANOVA.  To test 295 

whether awareness of the contingent relationship between the trained cue and associated 296 

target sweet taste affected the impact of cue on intake, those who correctly selected sweet 297 

taste in the contingency awareness task were defined as aware, and those who chose one 298 

of the other 4 options as unaware.  Additional ANOVAs with cue condition and awareness as 299 

factors re-tested the overall and food specific effects of training.  Effects of cue training on 300 

liking for the 6 test products were determined by analysis of the VAS rating for how pleasant 301 

each of these items tasted, taken at the end of the snack intake test.  These were contrasted 302 

between cue-conditions, with item and sex as additional factors using a mixed ANOVA.   303 

Potential confounding differences in age, BMI and hunger at test were assessed with t-304 

tests (see Table 1): none of these contrasts were significant and so these variables were not 305 

included as covariates in the main analyses.  All analyses were conducted using SPSS version 306 

25.0 run on Macintosh computers. 307 
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Data have been deposited at the University of Sussex Data Repository (Figshare) and 308 

will be made available on acceptance1. 309 

 310 

 311 

2.2 Results 312 

2.2.1 Snack food intake 313 

Overall caloric intake at the snack test was significantly higher in the CSsweet than 314 

CSneutral condition [F(1,41) = 7.07, p=0.011, η2 = 0.15: Figure 2b]: as expected, men 315 

consumed on average more (650 ± 47 kcal) than did women (477 ± 46 kcal: [F(1,41) = 316 

9.62, p<0.001], η2 = 0.19), but the interaction between condition and sex was not 317 

significant [F(1,41) = 0.01, p = 0.99, η2 = 0.01], showing similar effects of the cue-based 318 

associations across sexes (Table 2).  We also explored whether the training specifically 319 

increased intake of sweet relative to savoury foods by contrasting caloric intake from the 320 

two savoury and two sweet-snack foods across conditions.  Overall, participants 321 

consumed more energy as sweet than savoury snacks [F(1,41 = 130.53, p<0.001, η2 = 322 

0.76], with the interaction between cue and snack type only approaching significance 323 

[F(1,41 = 3.20, p=0.072, η2 = 0.07].  We saw increased intake of both snack types when 324 

labelled with the CSsweet cue, versus neutral (Figure 2b).   325 

We also explored the extent to which explicit awareness of the CS-taste associations 326 

might have affected behaviour in the snack test.  Those who selected sweet as the taste 327 

for the image which had actually been paired with the sweet taste were considered to be 328 

aware of that contingent association: on this basis, 21 participants were defined as 329 

 
1 URL for use in review: https://figshare.com/s/c9b3d2bab98b24768665 
 

https://figshare.com/s/c9b3d2bab98b24768665
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contingency-aware, and 24 as unaware.  Re-analysis of overall energy intake including 330 

contingency awareness as a factor confirmed significantly higher intake after the CSsweet 331 

than CSneutral F(1,41) = 5.55, p = 0.023, η2 = 0.12], and/but found no significant main 332 

effect of CSawareness (F(1,41) = 0.07, p=0.79, η2 = 0.01) or awareness x CS interaction 333 

effect (F(1,41) = 0.42, p = 0.52, η2 = 0.01).  When controlling for awareness, the interaction 334 

between CS and food type (sweet or savoury) again only approached significance [F(1,41 = 335 

3.54, p=0.067, η2 = 0.08], but the contrast of CSsweet versus CSneutral was significant for 336 

sweet [F(1,41 = 5.64, p=0.022, η2 = 0.12] but not savoury [F(1,41 = 2.48, p=0.12, η2 = 0.06] 337 

foods.  These data suggest that the differences in intake between the CSsweet and 338 

CSneutral conditions were unlikely to be driven by demand effects arising from explicit 339 

awareness of the cue-taste associations. 340 

 341 

2.2.2 Rated liking and perception of the test snacks 342 

At the end of the intake test, participants completed the Visual Analogue Scale (VAS) 343 

ratings of the hedonic and sensory characteristics of all six items from the ad libitum intake 344 

test.  We anticipated that the presence of the CSsweet cue might enhance liking, particularly 345 

for the sweeter items, and might also lead to enhanced sweetness ratings.  However, there 346 

was no significant effect of cue [F(1, 48)= 2.29, p = 0.14, η2 =0.07], and no significant 347 

interaction between condition and food type, [F(5, 240)= .33, p = 0.90, η2 =0.02], for the key 348 

rating of how pleasant each item tasted.  As expected, there was a significant difference in 349 

rated pleasantness of the different items [F(5, 240) = 11.93, p < .001, η2 = 0.20], with 350 

chocolate the most (89 ± 2) and water the least liked (62 ± 4).  Likewise, analyses of the 351 

rated sweetness of the six items found no evidence that this was affected by the CS type 352 

[F(1, 48) = 0.17, p = 0.68, η2 = 0.03].  Thus, contrary to our expectations, there was no 353 
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evidence that the sweet-associated cue altered the perceived hedonic or sensory 354 

characteristics of these snacks. 355 

 356 

2.3 Discussion 357 

The data from Experiment 1 provide evidence that the presence of a cue which had 358 

been briefly associated with the experience of a liked sweet taste can potentiate ad lib 359 

snack food intake.  This extends the previous literature showing that a food-availability 360 

cue increased intake [24], by showing that a cue associated with the oral experience of a 361 

liked sweet taste (without ingestion) increased intake compared to a cue associated with 362 

a neutral taste; and our results provides further translational evidence from animal 363 

studies. The increase in intake also tended (but only approached significance) to be 364 

greater for the taste the cue had been associated with; i.e. the sweet-paired cue 365 

significantly increased intake of sweet items, even more clearly when contingency 366 

awareness was controlled for.  This is in keeping with previous research in non-human 367 

animals that have shown cue-specificity in cue-potentiated feeding [22].  There was also 368 

evidence that this finding was not simply a demand effect of the study design since 369 

similar increases in intake were seen in those who could explicitly recall sweet as the 370 

taste associated with the CSsweet (classified as aware) as well as those who could not 371 

(classified as unaware).   372 

Experiment 1 provides evidence that a sweet-associated cue can increase intake, but 373 

how these cues enhanced intake is still unclear.  There was no evidence that the 374 

presence of the cue increased liking for the snack foods, suggesting that any potential 375 

increase in liking for CSsweet through evaluative conditioning did not in turn affect liking 376 

for the foods being consumed during the test.  However, we did not directly test whether 377 
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liking for the CSsweet cue was altered as a function of cue-taste training, as might be 378 

expected from evaluative conditioning [36], so this was tested in Experiment 2.   379 

It could also be that the CSsweet cue acquired greater salience, and if so, it might attract 380 

greater attention from consumers which in turn would facilitate any intake effect; that is, 381 

incentive salience theory posits that cues which predict reward acquire, among other 382 

qualities, the ability to attract greater attention [37].  Therefore, in Experiment 2 we also 383 

explored whether brief cue-sweet associations increased attention to the CSsweet, using a 384 

dot-probe visual attention task.   385 

A third possibility might be that the brief experience of a sweet taste evoked memories 386 

of sweet-associated foods, and those explicit memories somehow impacted subsequent 387 

snack intake.  For instance, when food-related memories are recalled, they evoke 388 

expectations about the likely impact of ingestion on appetite, often referred to as satiety 389 

expectations [38].  We therefore tested to see whether the cue-taste association task 390 

altered satiety expectations for the sweet-paired cue. 391 

 392 

 393 

3.0 Experiment 2: Effects of cue-sweet associations on cue-liking, attentional bias and 394 

satiety expectations. 395 

 396 

3.1 Method 397 

3.1.1 Design and Ethics 398 

The study used a within-participants design to compare attentional-bias toward, and 399 

rated liking and expected satiety for, visual cues which were trained to be specifically 400 

associated with either a liked, sweet taste (CSsweet condition) or a neutral taste (CSneutral 401 
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condition).  The study protocol was approved by the University of Sussex Science and 402 

Technology C-REC Ethics committee (protocol ER/Martin/7).  403 

 404 

3.1.2 Participants 405 

Eighty healthy volunteers (58 women), participated.  Recruitment was the same as for 406 

Experiment 1 except that the exclusion based on food allergies and aversions to the 407 

snack foods was dropped since no food was consumed. Instead of pre-screening for 408 

restraint using the TFEQ as in Experiment 1, the TFEQ was administered at the end of 409 

testing and restraint included in analyses as a covariate. Demographic data are shown in 410 

Table 3: in this sample the women were slightly more restrained than men, and men had 411 

higher average BMI than did women.  In total 125 potential volunteers were screened for 412 

sweet-liking: the final sample of 80 met the sweet-liking criteria used in Experiment 1. 413 

 414 

3.1.3 Cue-sweet training 415 

The cue-sweet training was identical to Experiment 1 except that only two filler trials 416 

were used because the study included rated liking for the five logos, and we needed one 417 

cue to be unexposed between liking ratings to test for potential confounding effects of 418 

exposure/familiarity on liking [39, 40].  The two filler trials used two cups of water with 419 

added chai flavour (0.1g/l; International Flavors and Fragrances, UK) and one cup 420 

containing water with added cranberry flavour (Firmenich, Switzerland), the second with 421 

two cups of weak saline solution (0.1g/l NaCl), and a third with water. 422 

 423 

3.1.4 Attentional bias measure 424 
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Attentional bias to the visual cues was assessed using a dot-probe test. Originally 425 

developed as a test of attention in relation to threat cues [see 41, 42], and then adapted 426 

to explore food-related attentional biases [e.g. 43, 44, 45], the theory for this test is that 427 

if attention is drawn to a particular image, and the subsequent visual probe (*) then appears 428 

at the same location (i.e. visual probe and target image locations are congruent), response 429 

time will be faster than on those occasions when the probe and image are at opposite 430 

locations (i.e. locations are incongruent).   431 

The procedure for the dot-probe task (Figure 3) was modelled closely on versions used 432 

previously in our laboratory [46] and elsewhere [e.g. 44, 47, 48], and was presented on 15” 433 

monitors attached to a Windows PC computer, programmed using E-Prime 1.2 software.  434 

The task consisted of 120 discrete trials, each consisting of a variable inter-trial interval 435 

(varying randomly between 100 and 700 msec), a brief display of a central fixation point 436 

(100 msec), and then the display of two of the cues used in the cue-taste association task 437 

for 500 msec; one positioned on the left and one on the right of the display screen.  After 438 

cue display, and on 33% of trials, a target visual probe (an asterisk, “*”) was displayed at one 439 

of the two picture locations; the participant’s task was to respond as quickly and accurately 440 

as possible whenever they detected a “*” by pressing the keyboard spacebar.  Picture 441 

location was not a predictor of the position of the visual probe.  Visual probes were 442 

displayed either until the participant responded or for a maximum of 1250msec.  On non-443 

probe trials the screen remained blank for 1250msec.  All possible combinations of the five 444 

trained cues were displayed, with every cue presented an equal number of times on the left 445 

and right side of the screen, giving 40 combinations for all cues and locations for the visual-446 

probe trials, which were interspersed with 80 trials where no probe was presented.  The 447 

critical data were reaction times on dot-probe trials depending on the image displayed, the 448 
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side the image was displayed on, and the position of the dot-probe relative to the cues of 449 

interest (those trained as CSsweet and CSneutral for each individual).  The dot-probe 450 

procedure lasted between 5 and 6 minutes. 451 

 452 

3.1.5 Liking for the trained cues 453 

To assess changes in liking for the test cues as a function of conditioning, liking ratings 454 

were made both before and after training using 100pt VAS, end-anchored with “Dislike 455 

extremely” and “Like extremely”, with the question “How much do you like this image?” 456 

positioned above the scale, programmed using E-Prime 1.2 software. These ratings were 457 

taken before and after the disguised cue-taste association task.  Pre-training, participants 458 

were presented with the five cues used in the cue-taste association task (Figure 1), plus 459 

four distractor, general non-food images included to further disguise the study aims (e.g. 460 

pictures of flowers, stationary).  Each image remained onscreen until the rating had been 461 

indicated, and the nine images were presented in random order.  After training only the 462 

five images from the cue-taste association task were rated, again in random order and 463 

using the same rating scale. 464 

 465 

3.1.6 Satiety expectations 466 

To assess whether cue-taste associations altered satiety expectations, participants 467 

were presented with two 200 ml sample drinks.  One (sample A) was a clear unthickened 468 

solution (Aloe Vera juice original, OKF plc, Korea);  the second (sample B) was an opaque, 469 

thicker solution (banana milkshake, Frijj brand, Muller plc UK), which we predicted based 470 

on previous work [49] would generate stronger satiety expectations.  Participants were 471 

instructed, using a procedure programmed using E-Prime 1.2 software, to look at the two 472 
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bottles, but not to open or drink the contents.  For each of the five cues used during the 473 

cue-taste training phase, and an additional trial with no visual cue, they completed two 474 

ratings.  Initially, for the five cues they were instructed to “Imagine drinking all of Bottle 475 

[A/B] labelled with:”, with an image (8cm x 8cm) of the relevant cue displayed on-screen 476 

below: for the unlabelled trial they were simply asked to “Imagine drinking all of Bottle 477 

[A/B]”.  The first rating, measuring expected satiation, asked “How full would you expect to 478 

feel immediately after consuming product [A/B] when labelled with this picture?”, and the 479 

second (expected satiety) asked “How hungry would you expect to feel one hour after 480 

consuming product [A/B] when labelled with this picture?”.  The order in which these six 481 

trials was presented was fully randomised.  This method has been used previously in our 482 

laboratory to successfully discriminate actual differences in expectations between known 483 

products [50], and to detect changes in expectations for odour stimuli previously associated 484 

with the experience of orosensory texture [51]. 485 

 486 

3.1.7 Procedure 487 

Testing was again conducted in small, windowless air-conditioned test cubicles in the 488 

Sussex Ingestive Behaviour Unit at the University of Sussex, between 1000-1200h and 1500-489 

1700h, avoiding main meal times.  Potential participants were told they were taking part in 490 

a study examining the effects of reward on cognitive performance in order to give a 491 

plausible account of the study without revealing the specific aims.  Participants who met the 492 

inclusion/exclusion criteria were required to refrain from eating and drinking for the hour 493 

prior to testing.  On arrival they completed the same set of mood and appetite ratings as in 494 

Experiment 1, in order to assess baseline hunger for inclusion in analysis, followed by the 495 

baseline image liking ratings.  They then completed the cue-taste association task.  After a 496 
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10 min break they completed the three key test measures.  Half completed the dot-probe 497 

attention task, followed by a 5 min break, and then post-training rated liking for the trained 498 

cues, and the test of satiety expectations.  The other half completed the two sets of 499 

ratings first, then a 5 min break followed by the dot-probe task.  The cue-taste awareness 500 

task used in Experiment 1 was not included since conducting that after testing could have 501 

interfered with responses on the attentional bias task.  On completion of all three tasks, 502 

participants completed the TFEQ online using Bristol Online Survey software, and their 503 

age, height (m) and weight (kg) and sex were recorded.  They were thanked for their 504 

participation and given the opportunity to have their names included in a prize draw 505 

(with £25 prize). 506 

 507 

3.1.8 Data analysis 508 

Three types of data were extracted to explore the outcome of Experiment 2: Reaction 509 

times (in msec) to the visual probe stimuli in the visual-probe task, and the 100pt VAS 510 

pleasantness and satiety expectation ratings.  For the dot-probe task, the system failed 511 

for one participant and analyses were based on the remaining 79.  We had full data for all 512 

80 participants for all other measures. Raw datafiles included response data (reaction 513 

times) on every trial from the dot-probe task.  For analysis, we extracted only those trials 514 

where one of the cues preceding each visual probe was the cue associated with the 515 

sweet taste (CSsweet) for each participant.  For the key contrast of responses when 516 

CSsweet and CSneutral cues were co-presented, this yielded four trials, depending on the 517 

presentation of the cues (CSsweet on left or right of the screen) and whether the visual 518 

probe then appeared on the same side (congruent trials) or the opposite side 519 

(incongruent trials).  To test whether brief cue-sweet training generated a bias for the 520 
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CSsweet cues, we conducted two analyses:  The first contrasted reaction times when the 521 

cues displayed were the two trained stimuli (CSsweet and CSneutral), comparing trials 522 

where the visual probe and CSsweet were in the same location (congruent trials) or 523 

opposite locations (incongruent trials), while controlling for whether the CSsweet was on 524 

the left or right side of the screen (all within-participants), and including participant sex 525 

(between participants) using mixed ANOVAs.  Overall bias scores were calculated as the 526 

average difference in reaction time between congruent and incongruent trials for both left 527 

and right-side CSsweet presentations.  The same analysis approach was then repeated but 528 

comparing CSsweet against the three filler cues.  529 

For liking ratings, the focus was on whether cue-taste training altered liking for the 530 

images, and this was determined by deducting the pre-training rating from that post-531 

training, and contrasting these change data using ANOVAs.  Expected satiation and satiety 532 

ratings were also contrasted using ANOVA between the CSsweet, CSneutral, control and 533 

unlabelled conditions, including the drink sample being evaluated as a control measure to 534 

test the sensitivity of these ratings to factors predicted to impact satiety expectations.   535 

There were several factors that could have influenced outcomes: hunger at test, TFEQ 536 

restraint and participant age and BMI. Initial ANOVAs therefore including each of these as 537 

covariates. For attentional bias there were theoretical reasons why both hunger at test and 538 

restrained eating could predict bias for a sweet-associated cue and we report these analyses 539 

in full; but since in no analysis was age, BMI or restraint a significant covariate, we only 540 

report analyses with covariates where these were theoretically important.  All analyses 541 

were again conducted using SPSS version 25.0 run on Macintosh computers: data are 542 

available online in the same file as Experiment 1.  543 

 544 



 26 

 545 

3.2 Results 546 

 547 

3.2.1 Attentional-bias for sweet-associated visual cues 548 

Analyses confirmed that reaction time was significantly faster on congruent than 549 

incongruent trials [F(1,78) = 4.98, p=0.029, η2 = 0.06: Figure 4a, left panel], indicating an 550 

attentional bias for the CSsweet.  The overall difference in reaction times between 551 

congruent and incongruent trials (the bias score) contrasting CSsweet and CSneutral was 552 

22.1 ± 9.9 msec; a bias similar in magnitude with biases reported in some studies using 553 

actual food images [e.g. 43, 52].  One potential issue of contrasting CSsweet and 554 

CSneutral trials is that this could be interpreted either as a tendency to look at CSsweet , 555 

or to avoid CSneutral images.  We therefore also contrasted reaction time data when the 556 

CSsweet was displayed alongside the cues from the three control trials, two where there 557 

was no consistent cue-taste association and one which was not used in the cue-taste 558 

association task.  Contrasts of trials where CSsweet was paired with these three cues also 559 

found a significant effect of whether the location of the visual probe was congruent or 560 

incongruent with the CSsweet image [F(1,78 = 13.14, p<0.001, η2 = 0.14], with faster 561 

reaction times when CSsweet and the visual probe were in the same location (Figure 4a, 562 

right panel).  The overall bias for sweet-paired relative to these control cues was 24.5 ± 563 

7.1 msec.   564 

Because appetitive state [53] and dietary restraint may also predict bias for food-565 

related cues ( e.g. [54-56], but see [57-59]), we tested whether the bias for CSsweet was 566 

related to hunger and/or restraint, and whether this differed between sexes.  For both 567 

the bias based on CSsweet relative to CSneutral and the control cues, there was no 568 
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significant differences in bias depending on sex ([F(1,75) = 0.19, p = 0.67, η2 = 0.002] and 569 

[F(1,75) = 0.37, p = 0.55, η2 = 0.005]), and bias scores were not affected by restraint 570 

([F(1,75) = 0.01, p = 0.91, η2 = 0.001] and [F(1,75) = 0.06, p = 0.80, η2 = 0.001]).  However, 571 

biases were affected by how hungry participants were when tested for the CSsweet-572 

CSneutral contrast ([F(1,75) = 5.44, p = 0.022, η2 = 0.068] and also approached significance 573 

for the CSsweet-control contrast [F(1,75) = 3.77, p = 0.056, η2 = 0.048]). 574 

 575 

3.2.2 Liking for sweet-associated cues 576 

To test the hypothesis that brief paired co-experience of the novel visual cues and the 577 

liked sweet taste would alter liking for the CSsweet cue, we contrasted liking ratings 578 

between cue conditions.  We calculated overall changes in liking for each cue condition, and 579 

contrasted these changes between CSsweet and CSneutral cues, as well as the average for 580 

the three control cues.  Change in liking did not vary significantly between conditions 581 

[F(2,152) = 1.84, p=0.16, η2 = 0.024], with minimal changes in liking in all three conditions 582 

(Figure 4b). The timing of the post-training liking rating was counterbalanced so that half 583 

completed this before the visual-probe task and half afterwards, and this could potentially 584 

have led to extinction of any associated liking change in those who had repeated cue-585 

exposure during the visual attention task.  However, analysis of the effect of timing of 586 

ratings found neither a significant effect of timing overall [F(1,76) = 0.65, p=0.40, η2 = 0.008] 587 

nor significant interactions between timing and cue-type [F(2,152) = 1.09, p=0.34, η2 = 588 

0.014], and there was no evidence of greater liking if tested immediately after training 589 

rather than after the additional cue-exposure from the dot-probe task.  Addition of TFEQ-590 

restraint did not alter the outcome, and neither restraint nor rated hunger were significant 591 

covariates in these analyses (largest F = 0.58, all ps > 0.56). 592 
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 593 

3.2.2 Altered appetite-related expectations for sweet-associated cues 594 

Finally, we explored whether cue-taste training resulted in changes in satiety 595 

expectations associated with each cue.  As we learn about the foods and drinks we 596 

consume, we develop expectations about the impact ingestion will have on our 597 

motivation, both in relation to hunger and thirst [38, 60, 61].  As a sweet-taste might be 598 

experienced as an indicator that a product may contain energy [62], and so could have a 599 

greater impact on satiety once ingested, we reasoned that the CSsweet cue might 600 

similarly impacts satiety expectations after training.  We therefore contrasted measures 601 

of expected satiety and satiation between the CSsweet, CSneutral, untrained and no-cue 602 

conditions (Table 4).  As predicted, both expected satiation [F(1,234) = 43.21, p<0.001, η2 603 

= 0.36] and expected satiety F(1,234) = 46.76, p<0.001, η2 = 0.38] were greater for the 604 

thicker than thinner sample, confirming the test sensitivity, but there were no significant 605 

overall effects of cue on either measure (expected satiation: F(3,234) = 1.68, p = 0.17, η2 606 

= 0.02: expected satiety F(3,234) = 0.03, p = 0.99, η2 < 0.001), nor were any interactions 607 

involving cue significant.  Overall these data provided no clear evidence that the CSsweet 608 

affected satiety-related expectations.  Further analyses including sex, hunger and 609 

restraint did not alter the overall outcome, and none of these factors or interactions with 610 

these factors were significant (largest F = 1.88, all ps > 0.18). 611 

 612 

3.3 Discussion 613 

Experiment 2 provided clear evidence that brief disguised pairings of novel visual cues 614 

alongside a liked sweet taste resulted in increased attention drawn by the CSsweet cue. 615 

These changes in attentional bias were measured in absence of reliable changes in liking 616 
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for the cue or in expectations about how products labelled with that cue might impact 617 

satiety.  For the liking ratings, it might have been expected that delaying these ratings 618 

until after the dot-probe task could have diminished the effects of cue-taste training on 619 

liking, but there was no evidence that this was the case; and indeed the wider literature 620 

would suggest that evaluative changes like those looked for here would be relatively 621 

resistant to extinction [63].  Furthermore, unlike in Experiment 1 where we pre-selected 622 

participants to be unrestrained eaters, in Experiment 2, to simplify participant recruitment, 623 

we did not pre-screen for restraint but instead included TFEQ restraint as a covariate in 624 

analyses, and notably this was not significant for any of the three test measures.  Likewise, 625 

whereas Experiment 1 reported larger food intake by men than women (as expected), we 626 

found no effects of sex on any of the measures in Experiment 2.  These data provide clear 627 

evidence that cue-sweet associations lead to enhanced attention for sweet-paired cues.  628 

Moreover, the finding that hunger at test predicted attentional bias to the CSsweet cue is in 629 

accord with a recent meta-analysis that found similar effects of hunger across a wide range 630 

of studies using images of food [53]. 631 

 632 

4.0 General discussion 633 

The data presented in this paper provide evidence that a few pairings of the visual cue 634 

with the experience between novel, neutral visual cues and the experience of a liked sweet 635 

taste increase snack intake for foods labelled with the CSsweet cue (Experiment 1) and 636 

increase attention to the cue (Experiment 2).  These findings illustrate that how visual cues 637 

that are experienced alongside an enjoyable orosensory reward are likely to contribute to 638 

short-term overconsumption, further validating previous research in non-human animals 639 
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[e.g. 21, 22, 23].  These data shed further light onto the potential role of food cues in 640 

overeating and (potentially contributing to) obesity. 641 

Experiment 2 explored three different potential explanations for the increased food 642 

intake seen in Experiment 1.  The simplest of these might have been that evaluative 643 

conditioning (EC) would lead to hedonic transfer from the liked sweet taste to the paired 644 

CSsweet cue [64].  The presence of that liked cue could then in turn increase liking for the 645 

snack foods, which in turn might increase intake [65].  In support of this theoretical 646 

position, there is both clear evidence that contextual information, such as implicit or 647 

explicit descriptions of food quality, can increase liking for foods [e.g. 66, 67], and some 648 

evidence that rated liking for visual cues can be modulate by pairing with tastes [68, 69].  649 

However, there was no evidence for this from the present studies: in Experiment 1, the 650 

snack foods were not rated as more liked by those consuming them when labelled with 651 

CSsweet versus the CSneutral, and in Experiment 2, there was no evidence of altered 652 

liking for the actual CSsweet cue post-training.  These findings appear to be inconsistent 653 

with the wider EC literature [70], though there have been relatively few published studies 654 

which have reported increased liking for visual cues associated with tastes, with the 655 

majority of taste-based EC studies using odours as CS [e.g. 27, 71].  Indeed, where both 656 

visual and orosensory stimuli were tested, there was evidence in changes in liking for the 657 

flavour but not colour of the taste-paired cues [72, 73].  It is also notable that the largest 658 

changes in liking occurred as an acquired dislike for stimuli paired with a aversive taste 659 

[73, 74].  The lack of evidence for increased liking for the CSsweet cues here however 660 

does not exclude liking as a potential mechanism, but at least in the present studies we 661 

find no support for that hypothesis as a major driver of increased intake. 662 
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Conversely, our attentional-bias data in Experiment 2 could be interpreted as evidence 663 

for increased incentive salience for sweet-paired cues, particularly since attentional bias has 664 

been widely used as evidence for increased incentive salience of reward-associated cues, 665 

including drug-associated cues [see 75].  That the relative brief co-experience of the images 666 

with the experience of a sweet taste without ingestion led to this bias was perhaps 667 

surprising, and warrants further investigation.  Attention to the CSsweet cue also depended 668 

on how hungry participants were during training/conditioning, and this adds further 669 

evidence that hunger predicts attention to food cues [53].  Likewise, the lack of evidence for 670 

dietary restraint affecting attention to CSsweet is in line with the majority of studies which 671 

have explored these biases based on food images [e.g. 57, 59, 76] (cf [54]).  672 

Our attentional measure was however relatively unsophisticated, and further research 673 

either using eye-tracking and/or more dynamic analysis of responses in the dot-probe task 674 

[e.g. 77] are needed to fully understand the nature of the altered attention to sweet-paired 675 

cues. 676 

Given that the studies in this report set out to test the effects of simple sensory, hedonic 677 

associations between novel visual cues and a liked sweet taste, it is surprising that the 678 

outcome points more to an incentive rather than hedonic driver of subsequent 679 

performance.  However, evidence that sweet liking predicts wider overconsumption is 680 

limited [78], and although the specific sweet taste stimulus used in these experiments was 681 

selected to be liked by these participants, the experience of sweet taste might also evoke 682 

wider appetite-related memories.  For that reason we included the tests of expected 683 

satiation and satiety, where we found no significant effect of the presence of the sweet cue 684 

on these expectations.   This prompts us to hypothesise that the incentive effects evidenced 685 

by attentional bias were not driven by expectations that the CSsweet cue would increase 686 
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satiety.  Further research is this needed to further test this hypothesis and to elucidate 687 

how brief cue-sweet associations result in increased attention to enhance or potentiate 688 

snack intake. 689 

The current studies were conducted in healthy-weight young adults.  It would now be 690 

interesting to test whether the same is seen, or indeed may be exacerbated, in 691 

overweight and obese populations, particularly since food-cue reactivity is seen as an 692 

important component of the obesogenic environment  [7-9].  Although we did not 693 

specifically exclude overweight or obese individuals, only three participants (two in 694 

Experiment 1, one in Experiment 2) had BMI greater than 30, while 19 (8 in Experiment 1, 695 

11 Experiment 2) had BMI in the overweight range (i.e. between 25 and 30).  Exploratory 696 

correlations between BMI and intake in the CSsweet condition from Experiment 1 (r(26) 697 

= -0.15, p=0.45) and the attentional bias score from Experiment 2 (r(79) = 0.09, p=0.41) 698 

did not suggest stronger responses in overweight/obese participants, but the low 699 

frequency of overweight and obesity in our samples does not provide a strong test of 700 

potential greater sensitivity as a function of body weight. 701 

As we were interested in responses to a liked sweet taste, we pre-screened 702 

participants to ensure that they would like the trained 0.29M (10%) sucrose solution, 703 

based on the approach used in our earlier work on odour-taste learning [27].  However, 704 

while the screening test we used was adequate to ensure participants met the study 705 

objectives, we (now) recognise that the concentration of sucrose we used would not 706 

have accurately identified the specific sweet-liking phenotype of our participants.  In 707 

brief, more recent research clearly suggests that human adults display one of three 708 

distinct hedonic responses to sucrose [26, 79, 80].  Sweet dislikers show a clear aversion 709 

to concentrations above 0.1M, and our screening task should therefore have excluded 710 



 33 

that phenotype.  However, sweet likers fall into two distinct groups; extreme sweet likers 711 

who show increased liking with increasing sucrose concentration, and moderate sweet 712 

likers whose liking peaks at around 0.3M [see 26].  Thus, we probably tested a mixture of 713 

extreme and moderate sweet likers in these studies, and follow-up studies might want to 714 

separate those groups to see if the same incentive effects are evidenced equally in both 715 

groups. 716 

The success of these studies also depended on the effectiveness of the cue-taste training 717 

paradigm we used.  The results suggest that the procedure we used did successfully form 718 

cue-taste associations, but in order to disguise the trained associations we were not able to 719 

specifically confirm the relevant timings of when each pairing of cue and taste were 720 

experienced.  Future studies, perhaps using eye-tracking, are needed to better assess the 721 

actual temporal patterns of cue-taste pairings, for example testing whether those 722 

participants who had minimal delays between viewing the cues and experiencing the tastes 723 

show stronger associations. 724 

In summary, the present paper provides evidence that the presence of visual cues that 725 

have been selectively associated with a liked, appetitive sweet taste can potentiate 726 

consumption of snack foods (Experiment 1), and at the same time attract attention 727 

(Experiment 2).  Such simple hedonic associations may do likewise in the context of cues 728 

such as branding and other food-associated cues.  729 

 730 
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Table 1: Demographic data for the two test conditions in Experiment 1.  Data are 

mean ± SE. 

 

Measure 

Experimental 

group (n=22) 

Control 

group  

(n=23) t-test 

Age 22.0 ± 0.7 22.0 ± 0.9 t(43) = 0.12, NS 

BMI 23.5 ± 0.5 23.0 ± 0.6 t(43) = 0.54, NS 

Rated hunger 50.4 ± 5.8 47.6 ± 5.0 t(43) = 0.37, NS 

TFEQ restraint 3.1 ± 0.3 2.7 ± 0.4 t(43) = 1.05, NS 

Numbers of 

women/men 

12/10 13/10  
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Table 2:  Effects of the presence of cues previously associated with sweet (Experimental 

condition) and neutral (Control condition) tastes on total snack food intake (kcal), broken 

down by participant sex.  Data are estimated marginal means ± SE. 

 

 Experimental Control 

Men (n = 20) 751 ± 69 579 ± 69 

Women (n = 25 549 ± 63 375 ± 60 

Combined sample (n = 45) 650 ± 47 477 ± 45 
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Table 3: Demographic data from Experiment 2 

 

Measure 

Women  

(n=58) 

Men 

(n=22) t-test 

Age 21.6 ± 0.7 21.9 ± 0.4 t(78) = 0.53, NS 

BMI 22.2 ± 0.3 23.5 ± 0.5 t(78) = 2.13, p = 0.036 

Rated hunger 42.5 ± 3.7 43.0 ± 5.7 t(78) = 0.08, NS 

TFEQ restraint 8.6 ± 0.8 5.7 ± 4.7 t(78) = 2.13, p = 0.024 
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Table 4: Rated expected satiation and satiety for two drinks varying in thickness (A, 

thicker and B, thinner) depending on the associated image: either the image trained with a 

sweet taste (CSsweet), neural taste (CSneutral), the average across the 2 untrained images 

and no image.  All data are estimated marginal means ± SE. 

 

  Label condition 

 

 CSsweet CSneutral 

Untrained 

image 

No 

image 

Expected 

satiation1 

Drink 

A 51.4 ± 2.3 50.2 ± 2.3 48.2 ± 1.6 

46.8 ± 

2.2 

 Drink 

B 65.1 ± 2.5 64.2 ± 2.5 60.4 ± 2.0 

62.4 ± 

2.7 

 

All 58.2 ± 2.0 57.2 ± 1.9 54.2 ± 1.3 

54.7 ± 

1.8 

Expected 

satiety2 

Drink 

A 56.1 ± 2.2 54.0 ± 2.3 54.9 ± 1.6 

54.9 ± 

2.2 

 Drink 

B 41.7 ± 2.1 43.3 ± 2.5 42.2 ± 1.6 

43.1 ± 

2.4 

 

All 48.9 ± 1.7 48.6 ± 1.8 48.6 ± 1.3 

49.0 ± 

1.7 

 

1. How full would you expect to feel immediately after consuming this drink? 

2. How hungry would you expect to feel one hour after consuming this drink? 
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Figure Legends 

 

Figure 1.  The five novel logos used as conditioned stimuli in all three experiments. 

 

Figure 2.  Intake in the snack test from Experiment 1: A) image showing the layout and 

positioning of the CS images, B) overall caloric intake, showing intake of both sweet          

and savoury          items for snacks labelled with either the CSsweet or CSneutral cues.  

Data are mean ± SE. 

 

Figure 3.  The timing of stimuli presentation for the visual probe attention task used in 

Experiment 2. 

 

Figure 4.  Key findings from Experiment 2: (A) Reaction times from the dotprobe 

attention task when CSsweet and the visual were co-located (congruent:         ) or in 

opposite  locations (incongruent:         ). The left hand panel shows trials when CSsweet 

were paired with CSneutral cues: the right hand panel contrasts CSsweet against average 

responses for the three control cues. Data are estimated marginal mean reaction times ± 

SE (msec), n= 79.   

B) changes in rated liking for the three cue types (CSsweet, CSneutral and controls): 

data are mean ± SE VAS ratings, n=80.   
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