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Bidirectional Contrast Effects between Taste Perception and Simulation: 

A Simulation-Induced Adaptation Mechanism  

 

Abstract 

Four experiments reveal that actual taste perception and mental simulation of taste can 

exert a bidirectional contrast effect on each other. Experiment 1 shows that similar to 

actual taste experience, simulated taste experience is influenced by a prior actual taste in 

a contrastive manner. Experiment 2 shows that this contrast effect of actual taste on taste 

simulation occurs only when people adopt an imagery-based rather than an analytical 

processing mode. Experiment 3 demonstrates the bidirectional nature of the current effect 

and again shows that it depends on people’s use of mental simulation. Lastly, experiment 

4 replicates the observed effect in a realistic marketing environment. These findings 

support the proposition of a simulation-induced adaptation mechanism. Theoretical and 

practical implications of this research are discussed. 
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Imagine that you have just enjoyed a slice of pizza and are now looking at 

pictures of brownies and contemplating whether you should order one. Although actual 

perceptions of taste influence each other (Lawless, 1983), will the consumption of pizza 

influence the imagined taste of the brownie, making it seem sweeter than it actually is? In 

such a situation, the taste of the brownie has to be simulated, and the subsequent purchase 

decision must be based on this pre-consumption mental simulation of taste (MacInnis & 

Price, 1987). Given the ubiquitous use of taste simulations in our daily lives, it is 

somewhat surprising that so little research has addressed this topic, especially the ways in 

which taste simulation is influenced by actual taste experience. In the present research, 

we explore the idea that actual taste perception could exert a contrast effect on 

subsequent mental simulation of taste (and vice versa), and we demonstrate that taste 

simulation closely resembles actual taste in these bidirectional effects. 

 CONTRAST EFFECT IN TASTE PERCEPTION 

Taste perceptions are susceptible to context effects and biases (e.g., Lawless, 

1983, 1994; Lawless, Glatter, & Hohn, 1991; Lawless & Heymann, 2010; Mattes & 

Lawless, 1985). Research has shown that human taste perceptions are in no way accurate 

or consistent, and they can be largely influenced by contextual factors in a bottom-up 

manner. More specifically, judgments of actual taste are often made in contrast to 

contextual taste stimuli (i.e., prior tastes). For example, it has been shown that sodium 

soups with the same level of salt concentration often taste saltier when sampled after a 

low salt-concentration soup than after a high salt-concentration soup (Lawless, 1983). 

Mattes and Lawless (1985) asked participants to optimize the level of sweetness/saltiness 

of a beverage by diluting or concentrating the original high- or low-concentration fluid 
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and found that levels of sucrose and salt of the optimized beverage were significantly 

higher when the original beverage featured a high versus low concentration of the 

substance. Examples of contrast effects in taste experience are ubiquitous in our daily 

lives. For instance, we might find a serving of dessert to be sweeter when eaten after a 

salty dish and perceive the same dessert to be less sweet after intakes of other sugary 

foods (cf. Guinard & Brun, 1998; Rolls, Rolls, Rowe, & Sweeney, 1981; Yee, 

Sukumaran, Kotha, Gilbertson, & Margolskee, 2011).  

 Contrast effects in taste perception can be explained by Helson’s (1964) 

adaptation-level theory. This theory proposes that judgments of a stimulus in a context 

follow a linear function of the stimulus’ deviation from the adaptation level, which is a 

type of running average of the context stimuli. For actual taste perceptions, contrast 

effects occur because the neural circuits responsible for taste processing are adapted to a 

certain level of activation during the processing of the contextual (i.e., prior) food 

stimulus. Later taste perception is judged in relation to this adapted level of activation 

(Helson, 1964). However, what happens when a simulated taste follows the contextual 

(and actual) stimulus? In the current research, we propose and show that taste simulations 

are isomorphic to actual tastes in terms of perceptual properties in that contrast effects 

occur bidirectionally between taste perceptions and simulations.  

SIMULATION-INDUCED ADAPTATION 

Although early conceptualizations suggested that sensory perception and 

simulation are dissociated from each other (cf. Fodor, 1975; Pylyshyn, 1984), recent 

research provides considerable evidence that common neural substrates underlie both 

actual and simulated sensorimotor experience (e.g., Chao & Martin, 2000; Djordjevic, 
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Zatorre, Petrides, Boyle, & Jones-Gotman, 2005; O’Craven & Kanwisher, 2000), 

including taste (Simmons, Martin, & Barsalou, 2005). Simmons et al. (2005), for 

example, have shown that viewing pictures of appetizing foods activates neural circuits in 

the gustatory processing areas that are also active during the processing of actual tastes. 

These neural reenactments in the modality-specific regions constitute our conceptual 

knowledge and inference of taste. This is consistent with theories of grounded cognition 

(Barsalou, 1999, 2008), which hold that multi-modal mental simulation of sensorimotor 

experience is an integral part of our knowledge representation. 

According to Simmons et al. (2005), for example, eating a slice of pizza activates 

neural circuits that are responsible for the processing of a later simulated taste of 

brownie. At the neural level, activations in the brain are very much alike for both a 

perception-simulation and a perception-perception sequence of tastes. Thus, similar to the 

contrast effects between actual taste experiences, a contrast effect of actual taste 

perception on subsequent taste simulation is likely to occur. By the same token, mental 

simulation of a salty food item would activate the same neural regions governing the 

processing of actual taste perception, and therefore would increase the perceived 

sweetness of a different sweet food item that is tasted later. Under the framework of 

adaptation-level theory (Helson, 1964), neural reenactments in modality-specific regions 

make actual (simulated) tastes constituents of the adaptation level for subsequent 

simulated (actual) tastes. We term this process simulation-induced adaptation and 

propose that it underlies our hypothesized bidirectional contrast effects between taste 

perception and simulation. 
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Helson (1964) made no predictions regarding whether people’s mode or goal of 

processing would affect the adaptation level. The current conceptualization, however, 

posits that adaptation level is contingent on people’s processing mode or goal. Though 

modality-specific mental simulation is proposed as an integral component of knowledge 

representation in theories of grounded cognition, the degree of simulation and 

consequently the influence of such simulations on judgments are nevertheless not 

invariant (e.g., Ackerman, Goldstein, Shapiro, & Bargh, 2009; Coventry, Christophel, 

Fehr, Valdés-Conroy, & Herrmann, 2013; Eelen, Dewitte, & Warlop, 2013; Solomon & 

Barsalou, 2004). Past research has shown that the extent to which individuals utilize 

mental imagery in information processing and decision making can be modulated by their 

processing mode or goal (Jiang, Adaval, Steinhart, & Wyer, 2014; Keller & McGill, 

1994; Petrova & Cialdini, 2005; Shiv & Huber, 2000; Thompson & Hamilton, 2006). 

Since mental imagery corresponds to the deliberate activation of multi-modal mental 

simulation (Barsalou, 2008; Elder & Krishna, 2012), we expect that taste perception and 

simulation would be more likely to influence each other when people adopt an imagery-

based processing mode. 

THE CURRENT RESEARCH 

Our research studies the bidirectional contrast effects between actual and 

simulated tastes and examines the moderating role of processing mode. Specifically, we 

propose that eating (imagining eating) a salty food item will lead people to judge a 

subsequently imagined (eaten) sweet food item to be sweeter, compared to conditions in 

which no such prior experience (imagery) exists. Moreover, in line with the simulation-
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induced adaptation mechanism, such contrast effects should be stronger when people 

adopt an imagery-based processing mode when evaluating the food item(s).  

We test these hypotheses in four experiments. In experiment 1, we show that a 

prior actual salty taste increases judged sweetness for a subsequent sweet stimulus. 

Importantly, this effect occurred when the sweet stimulus was actually tasted as well as 

mentally imagined, supporting the proposed isomorphism between actual and simulated 

tastes. In experiment 2, we manipulate our participants’ processing mode and show that 

the contrast effect of actual taste on simulated taste occurs only when participants adopt 

an imagery-based rather than an analytical processing mode. In experiment 3 we 

demonstrate a contrast effect from the opposite direction (the effect of simulated taste on 

actual taste) and show that it is also contingent on processing mode. In experiment 4 we 

replicate the observed effect in a realistic marketing environment to show its practical 

relevance.  

In all the current experiments, sample sizes were determined prior to conducting 

the experiments and were affected by factors such as the experiments’ sign-up rates and 

attendance rates. In addition to the key variables of interest, participants in most of our 

experiments were asked to answer some evaluative questions regarding the stimuli (see 

Methodological Details Appendix). These measures were added for the sake of the cover 

story and were not related to our hypothesis, nor did they influence our results 

significantly. We therefore do not discuss them further. 

EXPERIMENT 1 

In experiment 1 we aim to demonstrate the proposed isomorphic nature of actual 

and simulated tastes by showing a similar contrast effect of prior taste on taste judgment 
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for both actual and simulated food stimuli. Participants first actually tasted a salty snack 

or nothing, then evaluated a target sweet food stimulus using either actual taste or mental 

simulation. Next they “recreated” the sweetness of the target food stimulus by making a 

cup of sugar water (adapted from Mattes & Lawless, 1985). We predicted that the taste-

contrast effect would result in the recreated sweetness being higher after a taste of a salty 

snack than after eating nothing, and this effect should occur regardless of whether the 

target food stimulus is actually tasted or mentally simulated. 

Research has shown that people do not necessarily experience a contrast effect 

during concurrent consumptions (Novemsky & Ratner, 2003; Schreiber & Kahneman, 

2000) but nevertheless would predict such effects to occur as guided by their lay beliefs 

(Novemsky & Ratner, 2003). In the current design, the actual taste of the target food 

stimulus and the taste recreation task would greatly alleviate the concern that our effect is 

explained by a lay-belief account. In addition, we measure participants’ lay belief about 

taste contrast to directly examine its role in the current effect (cf. Novemsky & Ratner, 

2003). 

Method 

 Participants. One hundred ninety-six undergraduate students from a university in 

Hong Kong participated for a monetary reward. Two participants failed to follow the 

experimental instructions (e.g., did not use all the sugar), so their data were excluded 

from the analyses. The final sample size was 194 (38% male; Mage = 20.36 years). 

 Design and procedures. Experiment 1 employed a 2 (prior actual taste: salty vs. 

none) × 2 (target stimulus mode: actual vs. simulated) between-participants design. 

Participants were told that this study was about food evaluation. Those in the salty-prior-
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taste conditions first evaluated a dried salty fish (a common local snack, see Appendix A) 

by actually eating a small piece of it. Participants in the no-prior-taste conditions skipped 

this part. 

In the second task, participants were told to evaluate a brand of grape juice (see 

Appendix A) and do a taste recreation task. Participants in the actual-target conditions 

tasted a cup of the grape juice, while participants in the simulated-target conditions were 

instructed to rely on their imagination and to mentally simulate the experience of 

drinking the grape juice (adopted from Keller & McGill, 1994). Next, each participant 

was given two standard bags of sugar (total weight 15g) and a bottle of distilled water 

(430ml) and told that their goal was to make a cup of sugar water that would taste just as 

sweet as the grape juice they consumed (imagined). Participants were instructed to put all 

the sugar into a cup and then to add water until the beverage tasted right. We recorded the 

volume of water each participant used in making the sugar water by later weighing the 

water left in the bottle, which served as the dependent variable of this study. As an 

indication of their lay belief about taste contrast, all participants reported how they would 

expect their consumption experience of the juice to be if they had eaten something salty 

first (1 = not at all sweet, 9 = very sweet). At the end of the study, as in all other current 

experiments, participants reported their personal information and were debriefed, 

thanked, and dismissed. 

Results 

 We predicted that participants who taste the salty fish first would judge the grape 

juice to be sweeter (and therefore add less water in the taste recreation task) compared to 

those who do not taste the fish, and this effect would occur regardless of whether the 
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grape juice is actually tasted or simulated. We entered the amount of water that 

participants used in the taste recreation task in a 2 (prior actual taste: salty vs. none) × 2 

(target stimulus mode: actual vs. simulated) between-participants ANOVA. Consistent 

with our prediction, the results revealed only a main effect of prior actual taste (see fig. 

1). Participants who had eaten the salty fish first added significantly less water (M = 

82.85ml, SD = 37.80) than participants in the no-prior-taste conditions (M = 99.23ml, SD 

= 36.10; F(1, 190) = 9.60, p = .002, d = .44). Importantly, there was no interaction effect 

between prior actual taste and target stimulus mode (F < 1, NS), nor was there a main 

effect of target stimulus mode (F < 1, NS). 

 Consistent with past literature on hedonic contrast (e.g., Novemsky & Ratner, 

2003), participants believed that having eaten something salty first would make the juice 

appear quite sweet (M = 5.93, which is significantly higher than the midpoint of the scale, 

p < .001). Participants’ lay belief about taste contrast, however, was not correlated with 

the amount of water they used in the taste recreation task (r = .03, NS). To further 

examine the role of this lay belief in the current effect, we ran a multiple regression 

analysis with the amount of water used as the dependent variable, and prior actual taste, 

target stimulus mode, and lay belief about taste contrast as the independent variables. We 

also included in the independent variables the three-way interaction term and the 

respective two-way interaction terms among the latter three variables. The results 

revealed no significant two-way interaction between prior actual taste and lay belief 

(t(181) = -.03, p = .978; the reduced degree of freedom was due to missing data on the 

lay-belief measure), nor was the three-way interaction significant (t(181) = .25, p = .804). 

This indicates that participants’ lay belief about taste contrast did not moderate the effect 
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of prior actual taste on the amount of water they used, and this was so regardless of 

whether the grape juice was actually tasted or mentally simulated.  

Discussion 

 Results of experiment 1 indicate that people perceive a sweet drink to be sweeter 

when they have eaten something salty first, compared to when no prior salty taste 

precedes. Importantly, this is the case both when the sweet drink is actually tasted and 

when it is mentally simulated. The current findings therefore support the hypothesized 

isomorphism between actual and simulated tastes by showing that they are similarly 

affected by prior taste experience. In addition, results from the actual-target conditions 

and the analysis of the contrast lay-belief measure both suggest that a mere lay-belief 

account for the current effect is unlikely to hold. 

EXPERIMENT 2 

We have hypothesized that simulation-induced adaptation underlies the proposed 

isomorphism between the two types of taste (actual and mentally simulated). In 

experiment 2 we test this mechanism using a moderation-of-process design (Spencer, 

Zanna, & Fong, 2005). We predicted that the contrast effect between actual and simulated 

tastes (i.e., the simulated-target conditions in experiment 1) is more likely to occur when 

people process the target stimulus by actively using their mental simulation, and the 

effect should be attenuated when the mental-simulation process is “turned off.” 

Past research has shown that the extent to which people engage in mental 

simulation can be determined by their mode of information processing (analytical vs. 

imagery processing, Keller & McGill, 1994; Petrova & Cialdini, 2005; Shiv & Huber, 

2000; Thompson & Hamilton, 2006). Therefore, in experiment 2 we manipulate the 
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extent to which participants engage in mental simulation by instructing them to rely on 

either their mental imagery (high simulation) or analytical reasoning (low simulation) 

when evaluating the target stimulus. If simulation-induced adaptation underlies the 

current effect, we would expect the effect to occur only when mental imagery but not 

analytical reasoning is used to evaluate the target stimulus. 

Method 

Participants. One hundred thirty-eight Hong Kong undergraduate students 

participated for a monetary reward. Twelve participants failed to follow the experimental 

instructions (e.g., did not drink the water) and their data were excluded from the analyses. 

The final sample size was 126 (21% male; Mage = 21.42 years). 

Design and procedures. Participants were randomly assigned to conditions of a 2 

(prior actual taste: salty vs. sweet) × 2 (processing mode: imagery vs. analytical) 

between-participants design. Upon arriving at the lab, participants were told that they 

would be taking part in a test for a new food. Participants first drank a cup of either salty 

(0.55g salt dissolved in 50ml water) or sweet water (4.2g sugar dissolved in 50ml water) 

to ostensibly clean and refresh their mouth. Then participants were shown a picture of a 

sweet Napoleon cake (see Appendix A) on their computer screens. Participants in the 

imagery conditions were instructed to rely on their imagination and to mentally simulate 

the experience of eating the cake and then evaluate it; whereas participants in the 

analytical conditions were asked to be careful and well-reasoned in their thought process 

and to make logical judgments of the cake that seemed right to them (Keller & McGill, 

1994). 
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After viewing the cake picture, participants answered two questions regarding 

their estimated sweetness of the cake. Specifically, they indicated how sweet they thought 

the cake was (1 = not at all sweet, 7 = very sweet) and estimated its sugar content (1 = 

very low, 7 = very high). These two measures were averaged (r = .43, p < .001) to create 

a single index of estimated sweetness. Next, all participants indicated the extent to which 

they utilized their mental simulation when evaluating the cake using three items (adapted 

from Bone & Ellen, 1992; see also Elder & Krishna, 2012): “As you viewed and 

evaluated the Napoleon cake, to what extent did any images of eating the Napoleon cake 

come to mind?” (1 = to a very small extent, 7 = to a very great extent); “While viewing 

and evaluating the Napoleon cake, I experienced…” (1 = few or no images of eating the 

Napoleon cake, 7 = lots of images of eating the Napoleon cake); “All sorts of pictures, 

tastes and/or smells came to my mind while I viewed and evaluated the Napoleon cake” 

(1 = strongly disagree, 7 = strongly agree). Participants’ answers to these items were 

averaged to index their level of mental simulation (α = .81).  

Results  

 Participants in the imagery conditions reported adopting mental simulation of the 

cake to a greater extent (M = 4.59, SD = 1.10) than those in the analytical conditions (M = 

4.07, SD = 1.08; F(1, 122) = 6.80, p = .010, d = .48). There was no main effect of prior 

taste or interaction effect on mental simulation (Fs < 1, NS). 

A 2 (prior actual taste: salty vs. sweet) × 2 (processing mode: imagery vs. 

analytical) ANOVA on estimated sweetness showed no main effect of either prior actual 

taste or processing mode (ps > .28) but a marginally significant interaction effect (F(1, 

122) = 3.73, p = .056, ηp
2 = .03; see fig. 2). Planned contrasts showed that in the imagery 
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conditions, participants who drank the salty water estimated the cake to be sweeter (M = 

5.25, SD = .73) than did participants who drank the sweet water (M = 4.87, SD = .78; F(1, 

122) = 3.70, p = .057, d = .50). In the analytical conditions, however, prior tastes had no 

significant effect on estimated sweetness of the cake (Msalty = 4.80, SD = .68 versus Msweet 

= 5.00, SD = 1.08; F < 1, NS). 

Discussion 

Results of experiment 2 provide evidence that the contrast effect between actual 

and simulated taste is contingent upon people’s use of mental simulation. Specifically, we 

demonstrate that people who have drunk salty water first estimate a cake in the picture to 

be sweeter than people who have drunk sweet water first. Importantly, this contrast effect 

occurs only when people adopt a high rather than low level of mental simulation when 

evaluating the cake. Our results support the proposed simulation-induced adaptation 

mechanism. The current findings also provide additional insights for adaptation-level 

theory (Helson, 1964) by showing that people’s goal or processing mode can modulate 

the adaptation level of certain stimuli.  

EXPERIMENT 3 

Experiments 1 and 2 provided convergent support for our hypothesis that actual 

taste experience can have a contrast effect on mental simulation of taste through a 

simulation-induced adaptation mechanism. As discussed earlier, we expect the contrast 

effect between actual and simulated taste to be bidirectional. That is, mental simulation of 

taste should have a contrast effect on actual taste perception, and this effect should also 

depend on the activation of people’s mental simulation. Experiment 3 tests this 

hypothesis. 
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Method 

 Participants. Ninety-six Hong Kong undergraduate students participated for a 

monetary reward. Data from six participants were excluded from the analyses because the 

participants failed to follow the experimental instructions (e.g., did not use all the sugar). 

The final sample size was 90.  

Design and procedures. Participants were randomly assigned to three conditions 

(imagery processing vs. analytical processing vs. control). Participants in the first two 

conditions evaluated the dried fish snack in experiment 1 by either using their mental 

simulation (imagery condition) or relying on their analytical reasoning (analytical 

condition); they then answered some evaluative questions regarding the fish. The 

manipulation of processing mode (imagery vs. analytical) was similar to that in 

experiment 2. Participants in the control condition skipped this part. All participants then 

actually drank a cup of grape juice and did the same taste recreation task as in experiment 

1. Participants also completed the same lay-belief measure as in experiment 1. 

Results and discussion  

 A one-way ANOVA revealed a main effect of experimental conditions on the 

amount of water used in the taste recreation task (F(2, 87) = 4.23, p = .018; see fig. 3). 

Planned contrasts showed that participants in the imagery-processing condition used 

significantly less water in the taste recreation task (M = 80.38ml, SD = 45.38) than 

participants in both the analytical processing condition (M = 105.48ml, SD = 34.90; F(1, 

87) = 6.46, p = .013, d = .62) and the control condition (M = 105.40ml, SD = 33.68; F(1, 

87) = 6.32, p = .014, d = .63). The average amounts of water used in the latter two 

conditions were almost identical (F < 1, NS). These results confirm that the contrast 
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effect of prior taste simulation on subsequent actual taste occurs only when people adopt 

an imagery-based but not an analytical processing mode. 

 Once again, participants’ lay belief was not correlated with the amount of water 

they used (r = .01, NS). We next pooled over data in the analytical and the control 

conditions and ran a multiple regression analysis with the amount of water used as the 

dependent variable, and the dummy variable representing the imagery condition versus 

the other two conditions, participants’ lay belief about taste contrast, and these two 

variables’ interaction term as the independent variables. The interaction was not 

significant (t(86) = .74, p = .463). Therefore, results in experiment 3 again suggest that 

our effect is not moderated or driven by people’s lay belief about taste contrast. 

EXPERIMENT 4 

 The previous experiments confirmed the validity of our hypothesis using different 

measures and stimuli. However, one potential drawback of these experiments is that they 

used manipulations and tasks that may seem unnatural and apply only in an experimental 

setting. To demonstrate the current effect’s relevance to the field, in experiment 4 we 

replicated the contrast effect in experiment 3 in a more realistic marketing environment. 

Since experiment 3 showed that participants in the control condition behaved similarly to 

those in the analytical processing condition, we focused on the comparison between 

imagery-based and analytical processing conditions in the current study. 

Method 

 Participants. Ninety-one (26% male; Mage = 21.00 years) Hong Kong 

undergraduate students participated for a monetary reward. 
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 Design and procedures. Participants enrolled in a study about restaurant dining, 

presumably focusing on how people behave in a restaurant. Each participant was given a 

printed restaurant menu that closely mimicked those used in local Chinese restaurants. 

The menu featured six salty Chinese dishes. Non-Chinese participants were provided 

with an English translation of the menu (see Appendix B).  

 We manipulated participants’ imagery-based versus analytical processing mode 

with a more natural method this time. Food tastes and prices are two major concerns of 

consumers when they visit a restaurant. Thus we randomly assigned participants to either 

a taste-imagery or a price-analytics condition. In the taste-imagery condition, participants 

were told that their goal in reading the menu was to select three dishes that they felt 

would be the tastiest. They were told to carefully imagine the tastes of the dishes, rate 

each dish on its tastiness, and briefly describe the taste of each dish. Participants in the 

price-analytics condition, however, were told that their goal was to select three dishes 

that they thought have the most reasonable prices. They were asked to look at the prices 

of the dishes, rate each dish on its price reasonableness, and provide the most reasonable 

price of each dish. It was expected that participants in the taste-imagery condition would 

mentally simulate the tastes of the dishes to a greater extent than participants in the price-

analytics condition.  

 Next, as part of the same simulated dining experience, all participants actually ate 

and evaluated a serving of dessert (a small piece of chocolate cake; see Appendix A) that 

was ostensibly from the same restaurant. Participants rated the sweetness of the cake 

using the same two items in experiment 2, and their answers to these items were again 

averaged to create a single index of sweetness (r = .53, p < .001).  
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Results and discussion 

 Consistent with our expectation, participants in the taste-imagery condition rated 

the cake to be sweeter (M = 5.52, SD = .72) than did participants in the price-analytics 

condition (M = 5.15, SD = .90; F(1, 89) = 4.84, p = .030, d = .45; see fig. 4). Therefore, 

experiment 4 shows our effect’s relevance to people’s daily lives by replicating it in a 

realistic marketing environment and by using a manipulation of processing mode that is 

more pertinent to actual decision making.  

GENERAL DISCUSSION 

There has been considerable research recently that aims to better understand the 

nature of mental simulation and imagery (e.g., Jiang et al., 2014; Jiang & Wyer, 2009; 

Petrova & Cialdini, 2005; see Wyer, Hung, & Jiang, 2008, for a review). However, to the 

best of our knowledge, the current research is among the first to study context effects that 

occur across actual and simulated sensory experience. Across four experiments, we show 

that actual and simulated taste experiences are similarly affected by prior taste 

(experiment 1). This isomorphism between actual and simulated tastes is dependent on 

people’s level of mental simulation such that it occurs only when a high rather than low 

level of taste simulation is activated (experiment 2). In addition, experiments 3 and 4 

demonstrate the bidirectional nature of the current effect and its relevance in a more 

realistic marketing setting. These results support the claim that actual and simulated 

tastes are highly similar in perceptual properties, and our results are consistent with a 

simulation-induced adaptation mechanism.  

The current research contributes to the extant literature in several ways. First, it 

supplements previous research on the effects of taste simulation on actual food 
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consumption. This research has shown that people’s mental simulations of taste 

experience could affect the habituation and satiation of subsequent actual food 

consumption (Larson, Redden, & Elder, 2013; Morewedge, Huh, & Vosgerau, 2010). For 

example, Morewedge et al. (2010) showed that repeatedly imagining eating a stimulus 

could lead to a habituation effect on the amount of subsequent actual consumption of the 

stimulus. Larson et al. (2013) demonstrated a similar habituation effect on the enjoyment 

of actual foods caused by prior repetitive taste simulation. However, an important 

theoretical question remains regarding whether these effects are driven by reductions in 

subsequent foods’ hedonic and motivational impacts or by a habituation at the perceptual 

level (Morewedge, in press; Morewedge et al., 2010). Contributing to this research, the 

current paper demonstrates a contrast effect of taste simulation on actual taste perception, 

suggesting that the effects of taste simulation on actual food consumption may be 

perceptual rather than motivational.  

Second, research on grounded cognition has mostly concentrated on the effects of 

incidental and unconscious influences of bodily states on higher-level conceptual 

processing, such as attitude formation and retrieval, judgment, and social perception (for 

reviews see Barsalou, 2008; Niedenthal, Barsalou, Winkielman, Krauth-Gruber, & Ric, 

2005). The present research extends findings in this line of research and adds novel 

support to the body-mind link by showing that deliberative sensorimotor experience 

could influence mental simulation/imagery, and vice versa.  

Lastly, our research contributes to the mental imagery literature by revealing 

important antecedents and consequences of taste imagery. Past research on mental 

imagery (especially in the marketing field) has focused almost exclusively on the visual 
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modality (e.g., Jiang et al., 2014; Petrova & Cialdini, 2005; but see Krishna, Morrin, & 

Sayin, 2014). The current paper highlights the importance of investigating other 

dimensions of multisensory mental imagery in consumer research and will ideally 

stimulate further research in this area. 

Alternative explanations 

Previous research has suggested that contrast effects in perceptual domains may 

sometimes occur at the conceptual level (Novemsky & Ratner, 2003; Schreiber & 

Kahneman, 2000; see also Lawless & Heymann, 2010). Therefore, it is possible that the 

current effect is judgmental in nature and can be captured by various context-effect 

models in the conceptual domain (e.g., Mussweiler, 2003; Schwarz & Bless, 2007; 

Wedell, Hicklin, & Smarandescu, 2007). We believe that our findings are unlikely to be 

accounted for by these conceptual models for several reasons. First, experiment 1 

provides evidence that the current contrast effect occurs in actual taste experience and is 

thus unlikely to be purely judgmental. Second, both experiments 1 and 3 show that the 

effect is not influenced by individuals’ lay belief. More critically, in experiments 2 and 3 

we demonstrate that the contrast effect occurs only when people adopt an imagery-based 

but not an analytical processing mode. It is unlikely that our processing-mode 

manipulation would systematically influence factors such as judgment standard, stimulus 

categorization, stimulus extremeness, or (dis)similarity testing—factors that are 

considered key determinants of assimilation versus contrast in those conceptual models 

(Mussweiler, 2003; Schwarz & Bless, 2007; Wedell et al., 2007).  

Another alternative explanation of the current effect is that it may be driven 

merely by different anchoring of response scales. For example, in the current context, 
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prior actual (imagined) taste could change the range of subjective values that participants 

perceive to be relevant in a rating scale when answering the questions. Therefore, the 

current effect may not reflect bottom-up perceptual changes but instead be caused by 

changes in how a response scale is subjectively positioned (Parducci, 1965). Such an 

alternative explanation may only be relevant for studies that used response scales (e.g., 

experiments 2 and 4). The behavioral measures in experiments 1 and 3, however, speak 

against this scale-anchoring explanation. 

Limitations and future research 

The present research has several limitations, and future studies are warranted. Due 

to methodological limitations, we only tested the proposed simulation-induced adaptation 

mechanism using a moderation approach (Spencer et al., 2005). Although our results 

support the proposed mechanism, future research should test the current effect’s 

underlying process in a more direct manner. Another drawback of the present research is 

its inadequate ecological validity. Although experiment 4 was conducted in a more 

realistic setting, other experiments used tasks that were less natural for marketing 

activities. It would be ideal for future research to investigate this effect and its 

implications in field studies.  

Our research has focused exclusively on taste perception. Future studies may 

address the interactive impacts between actual and simulated experience in other sensory 

modalities such as touch, smell, sound, and vision. For example, researchers may 

investigate whether touching a certain object with our hands could impact our mental 

simulation of the texture of some other material, and whether mentally simulating 

touching an object could influence our actual haptic perception of something else. In 
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addition, recent research has revealed that senses in different modalities have interactive 

impacts upon the processing of each other (e.g., Spence, 2011, 2012). It will be fruitful 

for future research to explore the bidirectional influences between actual and simulated 

sensory experience across different modalities.  

The current research does not test the impact of processing modes on the observed 

effect when both the prior and target food stimuli are actual. According to our proposed 

mechanism, the neural regions for taste processing must be activated when people 

actually eat something, and this activation cannot be prevented or revoked by adopting an 

analytical processing mode. Therefore, we believe that processing mode has an impact 

only on simulation, and it is unlikely that an analytical processing mode would reduce the 

contrast effect when both the prior and target stimuli are real. Future research is 

nevertheless called upon to validate this assumption. 

Practical implications 

Taste plays a central role in consumers’ decision making related to dining and 

food purchases, and consumers’ actual taste perception and mental simulation of taste are 

equally important in determining their taste evaluation. For marketing practitioners, the 

key takeaway from the current research is that they can influence consumers’ decision 

making about foods in different situations by properly incorporating taste perception and 

simulation in their marketing practices. One example is to influence consumers’ pre-

consumption mental simulation of taste (MacInnis & Price, 1987) by strategically 

offering actual food samples. In supermarkets, for example, placing free samples of salty 

snacks in front of the shelves of sweet foods may effectively help promote sales of the 

latter products. Whereas taste simulation may have a greater influence on product sales in 
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circumstances where actual taste is not convenient or possible, actual taste perception is 

certainly more important for product evaluation and customer loyalty in other situations. 

In order to enhance consumers’ actual taste experience, proper taste simulation may be 

evoked. For example, the current findings imply that it might be a good idea for a dessert 

boutique to have a few posters on the wall featuring salty cuisines.  

Our research also provides implications for consumer health and wellbeing. 

Worldwide obesity has more than doubled since 1980, and overweight plagued more than 

1.9 billion adults in 2014 (World Health Organization, 2015). Excessive intake of sugar 

or salt is strongly linked to weight gain and illnesses such as diabetes and heart disease. 

Although consumers realize the hazard of eating too much sugar or salt, in many 

situations they do not have an accurate estimation of their sugar/salt intake due to various 

measurement and perceptual issues (e.g., Sigman-Grant & Morita, 2003). The taste-

contrast effects found in the current research suggest that a prior intake of salty (sweet) 

food makes people judge a later food to be sweeter (saltier) when they adopt a high level 

of mental simulation. It is possible that this process will make consumers less likely to eat 

sweet (salty) food, because they feel that the food is “too sweet” (“too salty”), and 

therefore it is more of a threat to their health goals (Zhang, Huang, & Broniarczyk, 2010). 

The current research thus suggests an effective method to curb consumers’ (over-)intake 

of sugar/salt through strategic arrangement of food sequence and proper induction of 

mental simulation.  
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Figure 1 

 

Note. The length of the error bars indicates the 95% confidence intervals of the respective 
means. 
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Figure 2 

 

Note. The length of the error bars indicates the 95% confidence intervals of the respective 
means. 
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Figure 3 

 

 Note. The length of the error bars indicates the 95% confidence intervals of the 
respective means.  
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Figure 4 

 

Note. The length of the error bars indicates the 95% confidence intervals of the respective 
means.  
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Appendix A - Experimental Stimuli 

 
Dried fish snack used in experiments 1 and 3 Grape juice used in experiments 1 and 3 

  
  

Picture of the Napoleon cake used in 
experiment 2 

Chocolate cake used in experiment 4 
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Appendix B – Restaurant Menus Used in Experiment 4 (Chinese and English 
Versions) 

 
Chinese version English version 
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