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LIST OF DEFINITIONS 

Eudaimonia 
A life is well-lived, embedded in meaningful values, together with a 
sense of engagement in that life. This is the cognitive or Aristotelian 
ingredient of happiness. We speculate here about the possibility 
that cortical systems of self and cognitive appraisal, such as the 
default network, make a eudaimonic contribution to happiness. At a 
more basic brain level, the motivational component of reward, 
mesolimbic ‘wanting’ or incentive salience, might also contribute to 
eudaimonic engagement by adding attraction or zest to life; 
however, overly intense ‘wanting’ leads to unhappiness and 
becomes more akin to addiction (Kringelbach and Berridge 2010). 

 

Hedonic Affect  

A pleasurable feeling generated by the pleasure circuits in the 
brain, usually starting from the orbitofrontal cortex, which sends 
forward activations to the ventral pallidum and nucleus accumbens. 
Loose colloquial equivalents to the term hedonic affect are 
“pleasure” and “liking,” although many usages of the terms pleasure 
and liking are confused with the other type of affect, state affect.  

 

Hedonia 
The conscious feelings of pleasant well-being or hedonic niceness 
that is the affective ingredient of happiness. We suggest here 
subjective hedonia occurs when orbitofrontal and related cortical 
brain systems elaborate core ‘liking’ reactions (which are produced 
by hedonic hotspots and which need not be conscious) into 
conscious feelings of positive affect (Kringelbach and Berridge 
2009). 

 

State Affect  

A feeling generated by the desire circuits in the brain, usually 
starting from the brain stem (substantia nigra pars compacta). 
Loose colloquial equivalents to the term state affect are “desire,” 
and “wanting,” although many usages of the terms desire and 
wanting are confused with the other type of affect, hedonic affect.  

 
 

 



 

 12 

Abstract of Dissertation Presented to the Graduate School 
of the University of Florida in Partial Fulfillment of the 
Requirements for the Degree of Doctor of Philosophy 

 
A TWO-SYSTEM, TWO-AFFECT FRAMEWORK OF CONSUMPTION EXPERIENCE 

By 

Dennis Danny Ong Uy 
 

May 2010 
 

Chair: Chris Janiszewski 
Major: Marketing 
 

This dissertation uses a two-system, two-affect approach to explore various 

consumer phenomena. Emerging literature suggests that there are two distinct affective 

systems, as well as two distinct consumption systems, in the consumer brain. There are 

two distinct affective systems in the mammalian brain: one for generating desire, and 

another for generating pleasure. The antecedents and consequence of consumer desire 

and consumer pleasure are hence distinct. A synthesis of a separate body of literature 

suggests that there are two distinct consumption systems: one that extracts pleasure 

from sensory stimulation, and another that extracts pleasure from semantic stimulation. 

The antecedents and consequences of sensory consumption and semantic 

consumption are hence also distinct.   

Using this two-affect, two-system framework, the author uses six chapters to 

theorize and explore interesting consumer phenomena. The first chapter uses 

philosophical foundations from Ancient Greece (e.g., Aristippus of Cyrene, Zeno of 

Citium, Aristotle) to motivate the theoretical framework of different sources of pleasure 

and happiness in consumption.  The second chapter uses the literature on perception 

and semantic memory to motivate the processes of extracting sensory and semantic 
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stimuli from the environment. The third chapter uses the literature on orbitofrontal 

cortex, nucleus accumbens, and ventral pallidum to argue for two distinct affective 

systems that generate separate kinds of feel states that provide different kinds of 

information value to the consumer. The fourth chapter examines some of the operating 

properties of the two-system, two-affect framework. The fifth and sixth chapters are 

empirical chapters that test a portion of the predictions that flow out from the framework.  
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CHAPTER 1 
A TWO-AFFECT, TWO-CONSUMPTION SYSTEM FRAMEWORK 

Introduction 

Consumers enjoy a wide variety of products and services—soda, potato chips, 

lotions, hamburgers, movies, TV programs, books, art, and other objects of 

consumption. Although these consumption episodes are commonplace, the processes 

underlying their consumption are still shrouded in mystery. Why do consumers enjoy 

certain kinds of potato chips and not others? Why do consumers enjoy certain kinds of 

paintings but not others? What is the difference with the way consumers extract 

pleasure from products such as movies and paintings, from the way consumers extract 

pleasure from products such as soda and ice cream? Why does the enjoyment of 

certain products (e.g., comfort food) depend on the consumer’s prevailing mood, such 

that certain kinds of foods are desired a lot (and avoided a lot) when consumers are 

sad? This dissertation proposes a parsimonious two-affect, two-consumption system 

that can account for a wide range of consumption phenomena. It provides theoretical 

background in the first four chapters, and then provides empirical support for how the 

framework can be used to account for various consumer phenomena.  

Theoretical Framework 

The theoretical framework that organizes the various consumption phenomena 

that will be reported in this dissertation has two components: An affective system 

containing two subsystems (state affect system and hedonic affect system), and a 

consumption system containing two subsystems (sensory consumption system and 

semantic consumption system). Together, these two systems control the consumer’s 

desire and lack of desire for an object, and control the consumer’s generation of 
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pleasure and aversion for an object, based on the object’s sensory or semantic 

qualities. The insights generated from this dissertation, and the subsequent research 

that it aims to stimulate, can help marketers understand which sensory and semantic 

aspects of the product should be improved (and which can be ignored), and which 

sensory and semantic aspects of advertising and other marketing communications 

should be used in order to extract the maximum amount of desire and pleasure 

generation from the consumer. 

Notions of sensory and semantic consumption as pillars of “the good life” have 

actually begun as early as the 4th Century B.C., when Aristippus of Cyrene, one of the 

students of Socrates, first championed the view of hedonism as linked to the pursuit of 

physical pleasure. This view lasted for a century, before the Stoics added mental 

aspects to the view of good life. The next two sections discuss the theoretical 

precursors of sensory and semantic consumption, founded on the philosophical schools 

of Hedonism and Stoicism.  

Hedonism and the Philosophical Precursors of Sensory Consumption 

The Cyrenaics (e.g., Aristippus of Cyrene, 435 to 356 BC), one of the earliest 

Socratic schools in Greek Philosophy, championed the first, and most fundamental, 

form of Hedonism. In the Cyrenaic school of hedonism, individual physical pleasures 

were the only intrinsic good, and physical pain was the only intrinsic evil. The Cyrenaics 

also believed that momentary, “real-time” physical pleasures are more intense than 

memory or anticipation (of the physical pleasure). Memory or anticipation of the physical 

pleasure, which exists in the past and future, are deemed to be non-existent. Hence, 

this view of consumption championed managing consumption experiences in such a 
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way that real-time consumption of physical sensations is maximized. This management 

of consumption would include actively shaping “circumstances to oneself,” which meant 

that decisions should be made to maximize the number of present consumptions.  

 

Figure 1-1. Aristippus of the Cyrenaic School of Physical Hedonism. [Reprinted from T. 
Tomisti, 2006. This image is in the public domain because its copyright has 
expired.] 

The Cyrenaic view of hedonism foreshadows an important theoretical contribution 

in contemporary neuroscience. It posited that there are no meaningful qualitative 

distinctions between present consumptions of physical pleasure, a view that 

foreshadowed the now-established neural view of a “common neural currency” for 

sensory pleasure (Rolls 2005; Kringelbach and Berridge 2010). In the Greek era 

dominated by the classical “five senses” distinction proposed by Aristotle, the Cyrenaic 

view implied that the ostensibly distinct consumption from different sensory channels 

are in some ways fungible, in so far as the goal of consumption is the obtainment of 

physical pleasure.  

 

http://en.wikipedia.org/wiki/public_domain�
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Hedonism II – The Epicurean View 

 One century after Aristippus of Cyrene founded the original view of hedonism, 

Epicurus (circa 307 BC) said, “I know not how to conceive the good, apart from the 

pleasures of taste, tactile pleasures [sexual pleasures], the pleasures of sound, and the 

pleasures of beautiful form.” The Epicurean view thus expounded on pleasure as 

deriving from the five senses: pleasure from gustatory and olfactory channels, tactile 

channel, auditory channel, and visual channel. One major addition of the Epicurean 

view of hedonism in addition to the Cyrenaic view is that absence of mental pain 

(ataraxia) and bodily pain (aponia) are considered pleasures as well, foreshadowing the 

emerging view that serotonergic activation medicating calmness can generate pleasure. 

In other words, a phenomenological feeling of calmness, in the absence of “hot,” more 

intense phenomenological feelings of pleasure (e.g., gustatory pleasure or sexual 

pleasure), can also be considered pleasurable in and of itself.   

 For the Cyrenaics and the Epicureans, the goal of consumption, happiness, can 

be achieved by maximizing pleasure, and avoiding pain. However, Aristotle posed a 

question that challenged the hedonistic view of the good life. If it were true that pleasure 

is the only intrinsic good and pain the only intrinsic evil, why is it that nobody would 

desire to have the mind of a child forever, even if having the mind of a child would mean 

maximizing pleasures and avoiding pain? Similarly, given the choice to be “a beast with 

the full allowance of pleasures” versus “a human being with a life of fewer pleasures 

than the beast,” most people would still choose to be a human. Although this was not 

his explicit stand, Aristotle appeared to view hedonism (e.g., physical hedonism) as just 

one half of an overall portfolio of happiness, which he called eudaimonia. The Stoics, 
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led by Zeno of Citium, provided a conceptualization that would account for the other half 

of happiness (but which the Stoics themselves viewed as the entirety of happiness—

i.e., physical pleasure is not even needed according to the Stoics).   

Stoicism and The Philosophical Precursors of Semantic Consumption 

 A competing school of Hellenistic Philosophy, Stoicism, argued that hedonism 

falls short in terms of defining what it means for people to have a “good life,” and what 

the goal of living, hence consumption, should be. Zeno of Citium (circa 301 BC) founded 

the school of Stoicism, which proposes that the possession (and exercise) of the virtues 

is both necessary and sufficient for happiness. The Stoics argue that the original 

impulse of ensouled creatures is toward what is appropriate for them, or aids in their 

self-preservation, and not toward what is pleasurable, as the Epicureans and Cyrenaics 

contend.  

 The Stoics propose that whatever is good must benefit its possessor under all 

circumstances. Hence, neither wealth nor health can be considered good, because 

wealth can be used to consume cannabis, and health can be used to commit atrocities.  

For Stoics, a person who has attained intellectual and moral perfection is immune to 

emotions such as fear and envy (a view that foreshadowed the contemporary neural 

finding of limbic inhibition from the prefrontal cortex), and has attained maximal 

happiness. Because the Stoics identify the moral virtues with knowledge, hence the 

perfection of our rational natures, stimuli that is genuinely good (virtue, intellect) is also 

most appropriate to consumers. So, if the moral and intellectual development goes as it 

should for consumers, they will progress from valuing food and warmth (as infants), to 

valuing social relations (as young children), to valuing moral virtue (as adults). 
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Figure 1-2. Zeno of Citium, champion of the Stoic view of happiness. [Reprinted from S. 
Shakko, 2008, Zeno of Citium, with permission under the Creative Commons 
Attribution-Share Alike 3.0 license.] 

 Stoicism thus lays some of the philosophical foundation for semantic 

consumption as the main source of pleasure. For Stoics, happiness comes from the 

practice of virtue and morality (which can be seen as the generation of pleasure toward 

stimulus specific patterns of virtuous or highly moral behavioral configuration), and the 

learning of knowledge (which can be seen as the building of ever more sophisticated 

semantic networks). In modern contemporary society, some of the mental enjoyment we 

have from watching movies comes from viewing the virtues expressed in the movie.  

 Although the Stoic view of consumption and happiness may at first glance 

appear extreme, many consumers, both historical and contemporary, have been 

http://en.wikipedia.org/wiki/en:Creative_Commons�
http://creativecommons.org/licenses/by-sa/3.0/deed.en�
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observed to consume in a Stoic fashion. Galileo, for example, eschewed physical 

pleasures and risked the Spanish inquisition so that he could pursue knowledge and 

build ever more sophisticated semantic networks. In contemporary society, Warren 

Buffett eschewed physical pleasures, living in a small Omaha bungalow and donating 

over 95% of his wealth to the Bill and Melinda Gates Foundation, a consumer choice 

that implies that more pleasure is generated from semantic sources (e.g., virtue and 

intellect) than from physical sources (e.g., luxury of living in a large house, sensuous 

food). Charity, movies, sports, and book consumption appear to be some of the 

prototypical consumption where semantic networks are the main sources of pleasure.    

Sensory Antecedents of Cyrenaic Hedonism and Semantic Antecedents of 

Stoicism 

 The goal of this dissertation is to take these philosophical precursors of sensory 

and semantic consumption and identify some of the sensory and semantic antecedents 

of consumption. In addition, this dissertation will focus on sensory and semantic 

antecedents over which the marketer has some control, so that the conceptual 

predictions have managerial implications.  

For example, studying the practice of virtue to generate pleasure in the consumer 

may have limited managerial implications for the marketer, but the communication of 

virtue in advertising, in a way that generates pleasure for the consumer (and in 

particular product categories in which virtue leads to purchase), has broader managerial 

implications.  

Table 1-1 summarizes some of the conceptual questions, and managerial 

implications, of sensory and semantic antecedents of pleasure. 
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 Table 1-1. Consumer Phenomena/Conceptual Questions and Managerial Implications. 
Consumer Phenomena/Conceptual 
Question 

Managerial Implication 

Why do stimuli with negative valence, such 
as vampires (e.g., Twilight), spiders (e.g., 
Spider-Man), and bats (e.g., Dark Knight) 
fare better as protagonists compared to 
stimuli with positive valence? 
Conceptual Question: How does a 
negatively-valenced stimulus interact with 
the consumer’s semantic network to 
produce positively-valenced pleasure? 
 
Why do semantic scripts produce 
pleasure? 
 
Why is mere categorization pleasurable? 
 
 
 
 
Why does “A causes P” appear to be more 
persuasive than “P causes A”?  (a 
phenomenon I will call “Semantic 
Template Fluency”) 
 
Why are comfort foods typically sweet and 
savory? 
 
Why are sad consumers more sensitive to 
touch? 
 
Why are certain color pairs more liked? 
 
 
Why are certain semantic pairs more 
liked? 
 
 

What are other negative stimuli that movie 
producers can use to generate pleasure 
among consumers? (i.e., How does the 
marketer create a character that will be a 
financial success?) 
 
 
 
 
 
How can marketers integrate semantic 
scripts into ads to induce liking? 
 
How can marketers organize product lines 
in a way that is pleasurable to consumers? 
(e.g., in creating product lines for 
automobiles, or in creating toy collections) 
  
How can marketers choose words in 
advertising copy in a way that maximizes 
the believability of the claim in the ad? 
 
 
How should marketers optimally design 
comfort foods? 
 
How should marketers optimally design 
products for sick consumers? 
 
How should marketers design their 
branding materials? 
 
How should marketers construct brand 
associations? 
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CHAPTER 2 
TWO CONSUMPTION SYSTEMS 

System 1 – The Sensory Consumption System 

Since the earliest life forms emerged on Earth about 3.8 billion years ago, 

consumption—the act of extracting value from stimuli---has been taking place. The 

earliest documented form of consumption is arguably that of the single-celled 

prokaryotes, which swim up a chemical gradient to obtain the nutrients for its metabolic 

and reproductive needs. From the time of the earliest documented consumption (3.8 

billion years ago) until just before mammals emerged on earth (200 million years ago), 

all consumption has been sensory consumption.  

Table 2-1. Timeline of Consumers on Earth. 
Approximate Time Type of Consumer 
4.5 Billion Years Ago 
 
3.8 Billion Years Ago 
 
3.5 Billion Years Ago 
 
 
3 Billion Years Ago 
 
1.5 Billion Years Ago 
 
1.2 Billion Years Ago 
 
 
580 Million Years Ago 
 
500 Million Years Ago  
 
 
485 Million Years Ago 
 
215 Million Years Ago 
 
6.5 Million Years Ago 
 
200,000 Years Ago  

No known consumers 
 
Single-celled Prokaryotes 
 
Prokaryotes that use photosynthesis 
(consumes light) 
 
Single-celled Eukaryotes  
 
Multi-celled Eukaryotes 
 
Multi-celled Eukaryotes develop sexual 
reproduction 
 
Ediacaran biota 
 
Animal phyla during the Cambrian 
explosion 
 
First Vertebrates 
 
First Mammals 
 
First Hominins 
 
Modern Humans 
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The complexity of the consumption systems in complex non-mammal animals 

may be a lot higher than that of the consumption systems in single cell organisms, but 

the main (and exclusive) channel of the consumption system remains sensory, defined 

in the sense that the consumer picks up physical sensory qualities (e.g., brightness, 

sweetness) and uses its sensory channels to extract the necessary chemical 

compounds needed for metabolism and reproduction. The span of 3.6 billion years of 

sensory consumption, which represents nearly 95% of the timeline of life forms in the 

universe, is meant to highlight the ubiquity of exclusively sensory consumption, and 

meant to foreshadow one of the key proposals in a later section: that contemporary 

human consumption has become no longer exclusively sensory, and even some human 

sensory consumption appears to be modified by many non-sensory influences.  

A Broader View of Sensory Consumption 

From the consumer’s lay perspective, there is a tendency to view consumption as 

physical intake of products into the body, such as the eating or drinking of food and 

beverage. From this lay perspective, it would seem as though the sensory consumption 

system is limited to the gustatory channel. But the other four classical sensory channels 

(as defined by Aristotle), such as the visual, auditory, tactile, and olfactory channels all 

have an increasing role in consumers’ lives, and contribute greatly to the physiological 

generation of pleasure. Even the little-known sixth sensory channel, the vestibular 

channel (known colloquially as the “balance” system), can be considered a channel of 

consumption in that it also contributes greatly to the physiological generation of 

pleasure (e.g., from driving a fast car, from sports consumption, from dancing).  Hence, 

in broader terms, the sensory consumption system should include all sensory channels 

that directly contribute to the generation of consumer pleasure, and this dissertation will 
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use that broader perspective. This broader perspective leads to a fuller conceptual 

framework that not only allows consumer researchers to capture more types of 

consumption phenomena (e.g., the enjoyment of music), it also allows consumers 

researchers to explore the interactions of different sensory channels (e.g., the 

interaction of the vestibular and auditory systems in generating pleasure from music 

consumption).  

Structure of the sensory consumption system 

The sensory consumption system consists of multiple stages of visual, auditory, 

somatosensory, gustatory, olfactory, and vestibular channels that can operate in 

parallel. The use of the term “channel” is largely a convention—to indicate that channels 

are subsystems of the overall sensory-perceptual system.  

The opponent process structure of sensory channels 

A key organizing framework of this dissertation is that sensory channels, as well 

as semantic systems, appear to be organized in an opponent-process structure. An 

opponent process perspective of consumption implies that each type of sensory or 

semantic stimulus that is processed has an antagonistic counterpart, and this 

antagonism has implications for the way the system generates pleasure. Each time the 

perceptual system activates the primary neural network as a result of perceiving a 

sensory quality (e.g., red), it has consequences for the antagonistic neural network 

associated with the “b-side” stimulus (e.g., green). This dissertation will attempt to 

identify general stimuli and their b-sides. The next section discusses the opponent 

process structure of the visual sensory channel, and explores the implications of its 

opponency process on the system’s generation of pleasure.  
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The opponent process structure of the visual channel 

Sensory inputs in the form of light energy enter the perceptual system through 

the cornea and lens and fall on the retina1.  These light particles get transformed into 

electrical signals and travel to the lateral geniculate nucleus, where these sensory 

inputs are then modified by sideways operating rules in the mind that are largely not 

subject to individual differences (e.g., perspective cues).   

 

Figure 2-1. The process of visual processing. [This faithful reproduction of a lithograph 
plate from Gray's Anatomy, a two-dimensional work of art, is not 
copyrightable in the U.S. as per Bridgeman Art Library v. Corel Corp.; the 
same is also true in many other countries, including Germany. Unless stated 
otherwise, it is from the 20th U.S. edition of Gray's Anatomy of the Human 
Body, originally published in 1918 and therefore lapsed into the public 
domain.] 

                                            
1 I restrict the discussion to visual perception, where there is most evidence for opponent processing.  

http://en.wikipedia.org/wiki/Gray%27s_Anatomy�
http://en.wikipedia.org/wiki/Bridgeman_Art_Library_v._Corel_Corp.�
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The visual channel operates using an opponent process system. Hering’s (1964) 

classic formulation of the opponent process theory of visual channel was later validated 

by Hurvich and Jameson (1967) as well as emerging neurological studies. There are 

three opponent channels: red-green, blue-yellow, and black-white. A physiological 

response to one color in an opponent channel is antagonistic to the physiological 

response to the other color.  

 

Figure 2-2. The visible portion of the electromagnetic spectrum. [Reprinted with 
permission from National Aeronautics and Space Administration, 2007. 
Permission is granted to copy, distribute and/or modify this document under 
the terms of the GNU Free Documentation License, Version 1.2.]  

A consequence of this opponent process property is that the visual channel is 

unable to perceive a stimulus as bluish-yellow or reddish-green. Although yellow can be 

produced as a mixture of red and green, the brain does not perceive the stimulus as 

reddish-green.  

http://en.wikipedia.org/wiki/GNU_Free_Documentation_License�
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A second consequence of this opponent process theory is that when a blue 

stimulus is placed next to a yellow stimulus, each individual stimulus appears brighter 

than usual. This will have consequences for the marketer, as will be explored in this 

dissertation. 

Chapter 5 will make the argument that human memory is able to store hedonic 

sensitization and habituation.  As a consequence of this ability to store hedonic 

sensitization and habituation, hedonic contrast can also occur across time. Stimuli 

containing a sensory quality that is antagonistic to a previously perceived stimulus (if it 

has reached habituation) should generate a greater sensory contrast, and hence, 

greater pleasure.  

The gustatory channel 

Gustatory perception is assumed to play a gatekeeping function by allowing the 

organism to select the types of food that should enter the digestive system (Breslin 

2001).  In general, taste quality is a reliable indicator of the effect of the substance, 

because foods that have high caloric value taste sweet, and foods that can cause 

biological damage to the organism taste bitter.  Poisons such as sodium cyanide and 

strychnine, for example, taste bitter.  The next section discusses how the gustatory 

system transduces and generates these perceptual experiences. 

Bottom-up pathways of gustatory processing 

 The bottom-up pathway of gustatory perception begins when the chemicals from 

the sensory stimuli make molecular contact with the receptors on the tip of the taste cell 

in the Papilla (see figure below).  Because chemical molecules need to fit into the taste 

pore to enable contact with the taste cell, conditions such as temperature and solidity of 

the substance influence the intensity of the taste perception.  Transduction occurs when 
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electrical signals generated by the taste cells travel the ascending pathway via the 

chorda tympani nerve to the brain stem in the nucleus of the solitary tract, where signals 

travel to the thalamus and to insula and the frontal operculum cortex.   

There are two schools of thought in explaining the process of taste encoding: (1) 

Distributed encoding, and (2) Specific encoding. The first posits that the locus of taste 

resides in neural network spike codes, whereas the second posits that the locus of taste 

resides in specific neurons.  

Two schools of thought in gustatory encoding 

 Distributed Taste Encoding. Researchers in the distributed encoding school 

believe that the encoding of taste depends on the pattern of firing from different taste 

receptors.  Erickson (1963) first demonstrated that encoding of taste is a function of 

response patterns, such that different molecular compounds that have different 

response patterns taste different, but different molecular compounds that have similar 

response patterns taste similar. For example, consider the gustatory perception of three 

different compounds, ammonium chloride (NH4Cl), potassium chloride (KCl), and 

sodium chloride (NaCl).  Because these three compounds have different molecular 

properties, one would expect them to taste different.  However, observe in Figure 20 

below that ammonium chloride and potassium chloride have similar distributed encoding 

patterns (red and green patterns), whereas sodium chloride has a different pattern 

(white pattern).   

As a result, rats show similar behavioral responses to ammonium chloride and 

potassium chloride, but different behavioral responses to sodium chloride.  Rats who 

were shocked by Robert Erickson (1963) whenever they ingested ammonium chloride 

avoided potassium chloride in subsequent encounters, but did not avoid sodium 
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chloride.  Similarly, rats who were shocked whenever they ingested potassium chloride 

avoided ammonium chloride in subsequent encounters, but did not avoid sodium 

chloride.  

 These experimental results suggest that stimuli that induce similar patterns of 

distributed encoding are perceptually similar, and stimuli that induce different patterns of 

distributed encoding are perceptually different, regardless of their actual molecular 

properties.      

 Specific Taste Encoding. Researchers in the specific encoding school believe 

that taste perception is a function of specific encoding from the taste receptor (Kim et al. 

2003; Mueller et al. 2005).  That is, receptors respond specifically to each taste 

perception.  In order to demonstrate this specificity story, Mueller et al. (2005) identified 

taste receptors that are present in normal humans but not in normal mice.  For example, 

humans have a taste receptor that responds to the bitter taste in PTC, whereas mice 

lack this receptor.  As a result, normal mice do not avoid PTC, even at very high 

concentrations in food (see flat response pattern in the figure below).  To test the 

specific encoding hypothesis, Mueller et al. (2005) added the PTC receptor in mice 

through genetic cloning.  As a result, these mice, which normally would not avoid PTC, 

now avoid PTC (see downward-sloping response pattern in Figure 21).   

This suggests that the encoding processes in specific receptors, by themselves, 

can contribute to a perception of bitter taste.    

Reconciling the two schools of thought  

On one hand, researchers in the Distributed Encoding school believe that taste 

perception is a function of response patterns across a wide range of receptors (Erickson 

1963).  On the other hand, researchers in the Specific Encoding school believe that 
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taste perception is a function of specific receptors (Kim et al. 2003, Mueller et al. 2005).  

Both camps are able to provide evidence that support their school of thought, and a 

direct strong inference test of theory is unfortunately not performed because neither 

camp used an experimental design that incorporates balanced replication.  How do we 

reconcile the two schools of thought?    

One observation is that both camps appear to use stimuli that differ on perceptual 

complexity.  Observe that researchers in the distributed encoding camp used 

experimental stimuli such as Potassium Chloride, substances that are perceptually 

complex.  Potassium Chloride has a complex taste which can be best described as a 

mixture of saltiness, bitterness, and a metallic taste.  When a stimulus is high in 

complexity, taste perception may be a function of the response pattern of different 

receptors, because each receptor is responding to a specific stimulus property.   

 In contrast, observe that researchers in the specific encoding camp used 

experimental stimuli such as phenylthiocarbamide (PTC). Phenylthiocarbamide appears 

to be low in perceptual complexity, in that its taste can easily be described as simply 

bitter.  Under conditions of low perceptual complexity, receptors should be able to 

influence taste perception directly, without needing other types of receptors to contribute 

to the perceptual experience.     

 Note, however, that this perceptual complexity interpretation is probably 

imperfect, or at least incomplete, because the response pattern toward Sodium Chloride 

(NaCl), which appears to be perceptually simple (salty), nevertheless contains a 

complex response pattern, in that there are receptors that respond intermediately to 

Sodium Chloride.  This suggests either that there are taste dimensions that have yet to 
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be identified (i.e., Sodium Chloride may actually be perceptually complex but we are 

unable to identify the other taste dimensions besides saltiness), or that certain taste 

dimensions are explained by distributed encoding (salty dimension), whereas other 

taste dimensions are explained by specificity encoding (e.g., bitter dimension).  To date, 

this conceptual reconciliation has not been empirically tested in the taste perception 

literature.  In Chapter 6, I will present a few experiments that suggest that affective 

states can influence the experience of perceptually complex products such as potato 

chips, wine, ice cream, and bubble gum.  A perceptually complex gustatory stimulus 

implies that not all dimensions of the taste can be perceived at the same time (this goes 

back to Goldstein’s (2007) idea of sensory explosion, that as much as 10,000,000 bits 

of information can be available per second), and dopaminergic projections from positive 

affect can induce the consumer to activate the more subtle (i.e., lower resting potential) 

perceptual dimensions of the wine, whereas inhibitory GABA and Serotonin projections 

in an affective state of sadness can induce inhibition of these perceptual dimensions.         

Predictive property of sensory processing 

Although processing for each of the sensory channels is independent to some 

extent, the perceptual system (which one could view as the “Gestalt” processor that 

extracts information from the sensory channels) is a Bayesian system that allows 

concurrent probability properties to trigger activation in an unrelated system. For 

example, the “rubber hand” phenomenon illustrates that the somatosensory channel 

can be activated whenever the co-activation of somatosensory and visual information 

appears to be 100%.  

The rubber hand phenomenon is a classic demonstration showing Bayesian 

properties of perception. The subject sits on a chair in front of an opaque table (i.e., not 
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a glass table), and for five minutes, his/her right hand (under the opaque table) and a 

rubberized right hand (on top of the opaque table) will both receive simultaneous tactile 

stimulation from a confederate.  After five minutes of continuous tactile stimulation of the 

same finger (both on the real and the rubber hand), the confederate will stop the tactile 

stimulation to both the real and the rubber hands. The confederate then takes a needle 

and pokes the rubber hand. Empirical demonstrations show that the subject will 

experience real pain from seeing the needle poke the rubber hand, even though the 

rubber hand is not part of the subject’s body. This illustrates the Bayesian properties of 

the perceptual system—it takes statistical information from the environment (such as 

the 100% correlation between the visual stimulation and tactile stimulation on the rubber 

hand) and generates a perception based on this statistical information.  

It is as if the perceptual system “decides” that the rubber hand is now part of the 

subject’s body, since the subject is experiencing tactile stimulation (of getting stroked on 

the real hand) and visual stimulation (of seeing the rubber hand getting stroked) that is 

tightly correlated. After the sensitization period of co-activating somatosensory and 

visual information, somatosensory activation in the system remains even when the 

veridical object in the physical environment is removed. This leads to a phenomenon in 

which somatosensory activation can be achieved with visual stimulation alone.   

The implications for Bayesian properties in neural circuits is that any consistent co-

occurrence of any pair of sensory (and, I later would argue, semantic) stimuli will be 

encoded in the neural circuits as a single unit. This encoding as a single unit will have 

consequences for later retrieval during perception, and will result in the perception of a 

stimulus that is not objectively present in the physical environment.  
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Figure 2-3.  The Sensory-Perceptual System as a Bayesian Probability calculator. 
Concurrent activation of somatosensory and visual systems lead to automatic 
activation of somatosensory channel even when veridical somatosensory 
input no longer exists.    

Response properties of the sensory consumption system – pleasure pathway 

In contrast to sensitization and habituation at the level of perception (i.e., whether 

one perceives a stimulation or not), the processes of sensitization and habituation at the 

level of pleasure (i.e., whether one perceives pleasure or not) is more shrouded in 

mystery. This is in part because the experimental measurement of perception has been 

established in the paradigm of psychophysics. In psychophysics, a “perceived” or “did 

not perceive” response (however measured) from a human subject is easy to interpret—

a “perceived” response meant that the veridical physical stimulation entered the 

phenomenological consciousness of the subject, whereas a “did not perceive” response 

from the subject meant that the veridical physical stimulation did not enter the 

phenomenological consciousness of the subject.  
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Studying the response properties of the sensory consumption system at the level 

of pleasure generation has been much more difficult, in part because the measures of 

pleasure are often confounded with the measures of perception. For example, self-

reports of experiences of pleasure arising from consuming an ice cream are often 

confounded with experiences of sweetness, even though the pleasure arising from 

sweetness is distinct from the experience of sweetness itself (Rolls 2005). This can 

result with the subject erroneously reporting some residual experience of pleasure, 

when it is merely perceptual “sweetness” that is being experienced. As a result, much 

more statistical noise exists in studies of response properties of the sensory 

consumption system at the level of pleasure generation. Reporting of experienced 

pleasure in studies of pleasure can be challenging for most subjects, who do not have 

expertise in distinguishing inputs of perception (“this item tastes sweet”) from inputs of 

pleasure (“this item tastes good” or “I feel pleasure from tasting this item”).  

Recently, however, imaging technology is beginning to allow researchers to more 

clearly delineate measures of pleasure from measures of perception. fMRI (functional 

Magnetic Resonance Imaging) technology allows neuroscience researchers to identify 

which neural structures are generating most activity through the BOLD (Blood Oxygen 

Level Dependent Measures). To the extent that separate brain structures generate 

perception of the sensory qualities of an object (e.g., sweetness) versus perception of 

the pleasure that is generated from sensory qualities of the object (e.g., pleasure from 

the sweetness), BOLD measures can help researchers identify response properties of 

the sensory consumption system at the level of pleasure generation.  
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A finding that has been gaining acceptance in the neuroscience literature is that 

repeated sensory stimulation can lead to the neural habituation of certain circuits in the 

pleasure system. Although there remains some disagreement within the field, most 

neurobiologists recognize that the orbitofrontal cortex is a vital part of the pleasure 

system, i.e., the system being the series of circuits involved in the generation of 

pleasure.  

  A response property of the sensory consumption system is the propensity of the 

pleasure system to habituate after repeated stimulation of a specific sensory stimulus. 

Neuroscientists have found that habituation of certain neural circuits in the orbitofrontal 

cortex correspond with behavioral indicators of habituation of pleasure (e.g., the 

cessation of observable liking responses).    

Two types of sensitization and habituation – implications for contrast and 
pleasure generation 

The two types of sensitization and habituation (perceptual habituation and 

pleasure habituation) have implications for consumer research.  At the level of memory 

trace formation, sensory sensitization appears to be the foundational antecedent of 

processing fluency processes—processes whereby memory traces in the network 

accumulate activation level toward traces of a stimulus as repeated exposure is 

encountered. As the perceptual system encounters the same stimulus repeatedly, it 

releases neurotransmitters (primarily glutamatergic) that increases the level of neural 

activation in the network and consolidates the memory trace.  When the stimulus is 

again encountered in a future event, this highly consolidated memory trace is activated, 

and a feeling of familiarity (probably mediated by serotonergic and oxytocynergic 

reactions) is experienced by the perceiver, which leads to liking. Hence, repeated 
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exposure to a product design, for example, leads to consumer liking because the highly 

consolidated memory trace of a product appearance leads to a feeling of familiarity, 

which is attributed to liking.  

Much less attention has been paid to the process of sensory and pleasure 

habituation, especially in terms of how these two response properties result from 

pathways in interactions between sensory systems and pleasure systems. It has 

recently been found that repeated stimulation of a sensory quality (e.g., the sweet taste 

of ice cream among humans; and in more controlled settings, the sweet taste of sucrose 

among rats) leads to habituation. This leads the consumer to reject the food product 

after consuming a sufficient portion. What has not been investigated, however, is how 

visual stimulation from consumption influences habituation, and whether this habituation 

is at the level of sensory, pleasure, or both. Recall that there are numerous pathways 

between sensory channels in the sensory consumption system, and that visual 

stimulation often predicts stimulation from other sensory channels. Visual quality in 

naturally-occurring fruits and vegetables is correlated with gustatory quality (and hence 

correlated with intrinsic nutrients). It is not coincidental, therefore, that green stimuli 

taste similar to other green stimuli, and that green stimuli provide similar macro and 

micronutrients. Purple stimuli taste similar to other purple stimuli, and also provide 

similar macro and micronutrients (blueberries, raspberries, and pomegranates). Since 

the perceptual system is a Bayesian system with the goal of providing probabilistic 

prediction of meeting physiological needs in a balanced way, repeated visual stimulation 

of the same visual sensory quality (e.g., red in the example of a strawberry ice cream) 

may lead to habituation.  
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Sensory qualities are not perceptually organized by the neural system in a random 

way.  As the Hering (1964) and Young-Helmholtz theories of color perception 

demonstrated, the sensory-perceptual processes that lead to the perception of “red” 

stimuli is in a direct opponency process to the sensory-processes that lead to the 

perception of “green” stimuli. Similarly, the sensory-perceptual processes that lead to 

the perception of “blue” stimuli is in a direct opponency process to the sensory 

processes that lead to the perception of “yellow” stimuli. That is to say, the perceptual 

system can perceive a mixture of red and another color at the same time, but not a 

mixture of red and green. Similarly, the perceptual system can perceive a mixture of 

blue and another color at the same time, but not a mixture of blue and yellow. Adding 

green qualities to a red stimulus necessarily reduces the redness of the stimulus (while 

still remaining perceptually non red-green), and adding yellow qualities to a blue 

stimulus necessarily reduces the blueness of the stimulus (while still remaining 

perceptually non blue-yellow). Thus, the maximum amount of perceptual contrast can 

be achieved by juxtaposing red against green stimuli, and the maximum amount of 

perceptual contrast can be achieved by juxtaposing blue against yellow stimuli. There 

are potentially other color pairs that generate significant contrast as well.  

Although the reasons for this type of opponent process perceptual organization 

are not clear, it appears that color perception is tied to the prediction of nutrients in food 

intake.  Red foods appear to contain nutrients that are most (but not completely) 

orthogonal to those in green foods, and blue (strictly closer to purple) foods appear to 

contain nutrients that are most orthogonal to those in yellow foods. To the extent that 

consuming stimuli with a sensory quality that is in direct contrast with a previously 
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consumed stimuli enhances the overall portfolio of nutrients consumed, stimuli with a 

directly contrasting sensory quality should be most ideal in slowing down habituation 

toward the consumption of a product, even in an ostensibly irrelevant sensory 

dimension (visual versus gustatory).     

These propositions can be summarized as follows: 

P1. Marketing stimuli (e.g., packaging, advertising) that is visually consistent with 

the product (e.g., candy) leads to a faster rate of habituation at the level of pleasure 

generation.  

P2. The rate of habituation to pleasure from sensory consumption can be slowed 

down by using marketing stimuli (e.g., packaging, advertising) that contains a sensory 

quality that is in direct contrast with the sensory quality of the product.  

System 2- The Semantic Consumption System 

Although sensory consumption has dominated organismic consumption in the first 

3.8 billion years of history in which life has emerged on Earth, a different kind of 

consumption, semantic consumption, has developed in at least the last 2.5 million 

years, when hominids first appeared. In contrast to earlier life forms, whose systems 

extracted stimuli from the environment based on physical sensory properties, hominids 

started to develop neural circuits that extracted value from semantic and symbolic 

information. These neural circuits allowed these early semantic consumers to generate 

second-order symbolic representations from first-order perceptual representations.  

Using the same definition as that in sensory consumption, semantic consumption 

is defined as the process of semantic generation (some pattern of activation in semantic 

networks) that leads to the generation of pleasure (opioidergic activation in hedonic 

hotspots, e.g., Pecina et al. 2006). Semantic consumption does not have to be a 
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process that is exclusively semantic—a notion that is impossible, because the 

generation of meaning necessarily requires an initial sensory processing. Instead, a 

particular consumption episode can be classified as predominantly semantic if the 

largest variance of amount of pleasure experienced by the consumer depends largely 

on changes in semantic content of the product or service (as opposed to changes in the 

sensory content of the product or service).  

One of the main types of pleasure generated in the semantic consumption system 

appears to be information. Since ancient Greek civilization, people have had the notion 

that information, in and of itself, is rewarding, and can be pursued without any other 

end, in other words, no other contingent reward or punishment (such as profit). Aristotle 

observed that men study science for intrinsic reasons and not for any utilitarian end 

(Posnock 1991). Today, Physics PhDs eschew higher paying salaries in the industry to 

pursue knowledge for more modest salaries, implying that knowledge can be an intrinsic 

reward, an unconditioned stimulus that compensates for opportunity cost. Harlow, 

Harlow, and Meyer (1950) demonstrated that monkeys would attempt to solve a puzzle 

(which can be assumed to be represented in a simple non-language based semantic 

network), even when there was no external incentive for solving the puzzle. In fact, 

Harlow et al. showed that monkeys performed best in solving a puzzle when there was 

no external incentive. Human subjects who have not had the opportunity to read or 

listen to any semantic material for a long time will request to listen to otherwise 

uninteresting semantic material such as old stock market reports from decades earlier 

(Hebb 1958). These findings suggest that the mere activation of semantic network (in 
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certain types of configuration—precisely what this research program seeks to identify) 

can generate pleasure.  

Structure of the Semantic Consumption System 

The main structures that take in semantic stimuli, and generate pleasure, are (1) 

Wernicke’s area and the Inferior Parietal Lobule, (2) Hippocampus, (3) Medial Temporal 

Cortex, (4) Dorsolateral Prefrontal Cortex, and (5) Orbitofrontal Cortex (as well as 

Nucleus Accumbens/Ventral Pallidum).  

The Inferior Parietal Lobule is a multi-modal brain area that receives visual input such 

as words and sentences (through the sensory thalamus), and auditory input such as 

speech sounds.  As a mnemonic simplification, one can think of the Wernicke’s area 

and the Inferior Parietal Lobule as “Language Areas” (or, more specifically, Language 

Comprehension Areas, to distinguish them from the Language Production Areas). The 

Inferior Parietal Lobule, and Wernicke’s Area, receive visual symbols, and auditory 

speech, and then compares the inputs with the spreading activation network in the 

hippocampus and medial temporal cortex. This process helps the person generate 

meaning in response to those visual and auditory symbols. 

 Most accounts of semantic processing stop here, that is, they stop at the point in 

which meaning is generated by the processing system. However, it is clear that the 

semantic processing system is not a sterile, cold system that merely computes a 

meaning in response to incoming symbolic stimuli. Observing the lives of consumers, 

and indeed human beings in general, it is clear that pleasure and aversion are important 

outputs of the semantic processing system.  

 



 

 41 

 

Figure 2-4.  Pathways from the semantic system toward the pleasure system.  

Meaning alone, without any pleasurable sensory stimulation, can generate 

pleasure among consumers. One of the main objectives of this research program is to 

identify the various ways in which meaning can generate pleasure, and to break 

meaning down to its fundamental parts.  

 When meaning is generated as a result of the match between incoming symbolic 

stimuli (e.g., words, sentences) and the medial temporal cortex, this meaning 

generation process appears to activate groups of neurons in the orbitofrontal cortex, 

which in turn activates neurons in the nucleus accumbens and ventral pallidum, leading 

to a phenomenological feeling of pleasure. 
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 A recent fMRI study implied the generation of pleasure toward semantic 

information was reported by Kang et al. (2008). Kang et al. showed that anticipatory 

circuits were activated in response to a question (almost the same set of anticipatory 

circuits that would be activated in response to the smell of food, as in Rolls 2005), and 

pleasure-generating circuits were activated in response to the answer. Kang et al. 

(2008) stated that “neurons in left PFC receive input from neurons in the substantia 

nigra via the dorsal striatum, which respond to primary rewards and reward-prediction.”  

What are some implications from these response patterns? This implies that the 

curiosity corresponds to reward anticipation, whereas learning perhaps corresponds to 

reward consumption. For example, reading the question “What instrument was invented 

to sound like a human singing?” appears to activate anticipatory areas of the brain (this 

corresponds to expectation of consumption), whereas reading the answer “Violin” 

appears to activate the pleasure-generating areas of the brain (this corresponds to the 

consumption itself).  

The two tables on the next page show a number of prototypical sensory pleasures 

(food, scent, sexual intromission) and their neural correlates, as well as a number of 

prototypical semantic pleasures (movies, books, paintings) and their neural correlates. 

The main insight here is that, in all of the sensory pleasures (also called fundamental 

pleasures in Rolls 2005), the pre-frontal cortex and semantic areas are not needed to 

generate a feeling of pleasure. In contrast, in all of the semantic pleasures, the feeling 

of pleasure cannot be generated without activation of the pre-frontal cortex and 

semantic areas. This response pattern suggests that the locus of sensory and semantic 

consumption is quite different.   
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Table 2-2. “Fundamental Pleasures” that appear to have sensory antecedents. 
Fundamental Pleasures Requires activation of pre-frontal cortex 

and semantic areas such as Geschwind 
module and inferior parietal lobule? 

Gustatory stimulation (food) 
 
Olfactory pleasures (scent by itself, aroma 
in food) 
 
Tactile pleasures (sexual intromission) 
 

No (Kringelbach and Berridge 2010) 
 
No (Rolls 2005) 
 
 
No (Kringelbach and Berridge 2010; Rolls 
2005) 

 

Table 2-3. “Higher-order Pleasures” that appear to have semantic antecedents (in 
addition to sensory antecedents). 

Higher-order Pleasures Requires activation of pre-frontal cortex 
and semantic areas such as Geschwind 
module or inferior parietal lobule? 

Art 
 
 
Transcendent pleasures  
 
Books 
 
Movies 
 
Collecting (e.g., stamp-collecting) 
 
Altruism*  
 
Transcendent pleasures* 
 
*Altruism and transcendent pleasures can 
be contained within movies and books, of 
course. 

Yes (Skov 2010) 
 
 
Yes (Kringelbach and Berridge 2010) 
 
Yes (Kringelbach and Berridge 2010) 
 
Yes (Andrade and Cohen 2007**) 
 
Yes (Panksepp 1998) 
 
Yes (Kringelbach and Berridge 2010) 
 
Yes (Kringelbach and Berridge 2010) 
 
**Assumes that verbal instruction 
regarding framing activated pre-frontal 
cortex and semantic areas.  

 

Key Features of Semantic Consumption: Fecundity and Purity 

 The semantic consumption system has some surprising advantages over the 

sensory consumption system. The philosopher D. H. Monro (1967), in reference to the 

English philosopher Jeremy Bentham (1748-1832), proposed that “The higher pleasures 
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are those that afford a more lasting satisfaction than the lower pleasures, that enlarge 

our horizons and so open up new possibilities of pleasure (fecundity), and that are less 

likely to be followed by the pain of satiety and boredom (purity).These are the 

characteristics that distinguish intellectual activity from purely physical pleasure.” 

Fecundity in Semantic Consumption 

 A consumer’s acquisition of semantic consumption skills gives rise to fecundity 

(reproductivity), which opens up many new possibilities for new semantic pleasures. In 

neural terms, fecundity refers to the ability of newly constructed semantic networks to 

produce yet newer semantic networks that can generate new sources of pleasure (new 

semantic-to-pleasure pathways). People who consume semantic product “A” today are 

thus able to feel pleasure toward semantic product “B” tomorrow, an outcome that 

would otherwise not have been possible if the first consumption of semantic product “A” 

did not occur.  

Consider the semantic networks that are constructed as a result of consuming 

physics. Physics consumption generates new ways of generating semantic pleasure, 

such as Engineering. Engineering phenomena become pleasurable as a result of the 

semantic networks constructed from the earlier Physics consumption. In the same way, 

the semantic networks that result from the consumption of mathematics give rise to new 

semantic pleasures, such as Finance and Accounting. Finance and Accounting 

Phenomena, phenomena that were once unable to generate pleasurable for the 

consumer, now generates pleasure because of the semantic networks constructed as a 

result of first consuming mathematics. Fecundity is not just generated in the 

consumption of science, which may be considered somewhat atypical consumption. 
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The next section shows some prototypical consumption domains that illustrate the 

property of fecundity in semantic consumption: The consumption of sports, movies, 

books, and advertising and other marketing material.  

 Sports Consumption. Sports consumption qualifies as semantic consumption in 

the sense that the extraction of sensory qualities does not fully account for the pleasure 

that is generated. Sports consumption also illustrates the fecundity of semantic 

consumption. The learning of one sport gives rise to new pleasures in response to the 

consumption of other sports. For example, the semantic network constructed as a result 

of consuming Tennis enables the generation of pleasure as a result of consuming 

Badminton. In other words, the construction of the Tennis semantic network gave rise to 

new possibilities of pleasure not otherwise available to the consumer.  

 Movie Consumption. Movie consumption qualifies as semantic consumption in 

the sense that extraction of sensory qualities does not fully account for the pleasure that 

is generated. Movie consumption illustrates the fecundity of semantic consumption. The 

semantic network constructed as a result of consuming one movie (e.g., Trading 

Places) enables the generation of pleasure in response to consuming another movie 

(e.g., Erin Brokovich), in so far as the first consumption constructs new semantic 

structures, such as a the semantic script “Underdog good overcomes powerful evil” 

(Trading Places) that enables the semantic consumption system to produce opioids in 

response to consuming the second movie (Erin Brokovich). These semantic scripts are 

non-conscious, but are recognized by the system as a result of repeated Bayesian 

occurrence.  

Purity in Semantic Consumption 
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 What the philosophers call “purity” in intellectual consumption appear to 

correspond quite closely to conceptions of neural habituation of key areas in the 

pleasure circuit, such as the orbitofrontal cortex (e.g., Rolls 2005). Jeremy Bentham 

(Monro 1967) noted that intellectual pleasures have “higher purity,” that is, they are less 

prone to the pain of satiation than physical pleasures. Rolls (2005) has demonstrated 

that neurons in the orbitofrontal cortex habituate to a physical reward (e.g., sucrose) 

after the organism has had the opportunity to consume sucrose, but no such habituation 

has yet been demonstrated in terms of semantic consumption (although conditions can 

be set up to produce it, as will be discussed later). This appears to be attributable to the 

structure of the semantic consumption system. Watching a second movie after having 

watched a first movie generates pleasure for the consumer, because the semantic 

networks that are activated from watching the second movie are different from the 

semantic networks that are activated from watching the first movie (as long as the 

movies are different). Eating a second gallon of ice cream after having eating the first 

gallon of ice cream, however, will not generate pleasure for the consumer (even if the 

ice cream flavors are different), because the sensory networks responding to sweetness 

that are activated from eating the second gallon of ice cream are the same as the 

sensory networks that are activated from eating the first gallon of ice cream (i.e., 

sensory-specific satiation—the pleasure system stops firing toward gustatory system, 

but only in response to specific sensory categories, such as sweetness. Hence, if the 

organism consumes a different sensory category, the pleasure system resumes firing). 

In addition, the sensory consumption system appears to have built-in homeostatic 

controls for preventing overeating. Panksepp (1998), for example, demonstrates that 
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the orbitofrontal cortex firing in the rat (responsible for generating a feeling of pleasure) 

can be vastly decreased by directly injecting sucrose into the digestive system of the 

rat. No such neural habituation, in contrast, appears to occur in the semantic 

consumption system. Neurons in the orbitofrontal cortex do not appear to habituate 

based on the semantic fullness of the system. If true, this suggests that semantic 

consumption has some advantages over sensory consumption in terms of less 

habituation.  

Conditions for Habituation toward Semantic Consumption 

Although semantic consumption of different products (e.g., different movies, 

different football games) appear to be fecund and gives rise to the possibility of other 

pleasures, there appear to be consumption phenomena which is consistent with neural 

habituation of the pleasure-generating circuits following semantic consumption. For 

example, consider the following prototypical consumer comments on more semantically 

oriented products: 

Table 2-4. Consumer feedback on semantic consumption, and implied neural response. 
Consumer Feedback on Semantic 
Consumption 

Implied neural response 

“I used to like it, but I am now sick of 
watching CSI (a particular TV show).” 
“I used to like him, but I am now tired of 
watching Robin Williams.” 
“I used to enjoy her songs, but I no longer 
want to listen to Lady Gaga’s songs.” 

Habituation of pleasure circuits to 
semantic network activation 
Habituation of pleasure circuits to 
semantic network activation 
Habituation of pleasure circuits to 
semantic network activation  

 
Although these consumer comments all sound very commonplace, the processes 

that lead to the loss of pleasure from consuming products, and their antecedents, are 

not well understood. At the neural level, there is likely a decrease in the production of 

neurotransmitters that help generate pleasure or desire (it is still unclear whether the 
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“pleasure” that is generated by these types of semantic consumption is really “pleasure” 

in the sense that neuroscientists talk about pleasure (opioidergic processes), or whether 

this “pleasure” is actually desire (dopaminergic processes) but is given the wrong label. 

Once again, like Ralph Hull’s tuned deck, pleasure from semantic consumption may 

actually be two kinds of “pleasure”—one that is truly generated as pleasure in the 

opioidergic sense, and another that is generated as desire in the dopaminergic sense. It 

may be the case that different semantic antecedents can lead to different kinds of 

“pleasure” in the process of consuming semantic products. One of the goals of the 

research to be generated from this dissertation is to identify the semantic antecedents 

to semantic habituation, and explore how the marketer of a semantic product can 

advertise or design a product in such a way as to prevent habituation.  
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CHAPTER 3 
THE TWO AFFECTIVE SYSTEMS 

The consumer has two broad processing systems—sensory and semantic 

systems, but mere perception is not sufficient in consumption. In order for the consumer 

to assign a common currency for valuing different stimuli, and to determine when the 

consumer should assign relatively high (or low currency) to these stimuli, the consumer 

has to rely on endogenous inputs from its two affective systems. The organism has two 

affective systems—the hedonic affective system (sometimes loosely called the pleasure 

system), and the state affective system (sometimes loosely called the wanting system) 

(Barbano and Cador 2007; Berridge and Robinson 2003). One way to conceptually 

organize the two systems is that the first affective system (hedonic) evaluates the value 

of external stimuli, and the second affective system (state) evaluates internal stimuli. 

One of the main findings in this dissertation (e.g., the chapters “Affect-Gating” and 

“Affect-Tuning”) is that the output of the state affective system changes the output of the 

hedonic affective system, so that different external stimuli are valued under different 

internal states.   

The first affective system, the hedonic affective system, enables the consumer to 

hedonically discriminate among various external stimuli (Rolls 2005). This hedonic 

discrimination is a heuristic for determining which stimuli are needed most by the 

consumer. The second affective system, the state affective system, enables the 

consumer to identify its own organismic status (Panksepp 1998). Organismic status 

signals the organism’s level of fitness at that particular moment, and hence the reward-

to-risk appetite it should have in pursuing different external stimuli, which entail different 

levels of reward and risk.  
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Hedonic Affective System 

The hedonic affective system, with key circuits located in the orbitofrontal cortex 

(Rolls 2005) and the nucleus accumbens (Berridge and Robinson 1998), evolved in 

mammals to enable the mammal to determine which external stimuli it should approach 

or avoid. Because the hedonic affective system receives projections from the sensory 

channels, the amount of pleasure generated toward a specific stimulus depend on the 

stimulus’ fitness consequences. The more positive the stimulus’ fitness consequence is, 

the higher the pleasure response of the system (e.g., the more opioids are released). 

For example, more pleasure is generated toward highly-concentrated sources of sugar, 

compared to moderately-concentrated sources of sugar (Panksepp 1998). The more 

negative the stimulus’ fitness consequence is, the higher the aversion response of the 

system (e.g., the more acetylcholine is released; Hobel, Avena and Rada 2007).  For 

example, the level of acetylcholine released is a function of the intensity of the 

bitterness. The levels of pleasure neurotransmitters released, as well as the levels of 

aversion neurotransmitters released, can be approximated by behavioral measures. For 

example, the frequency and intensity of tongue licks by rats vary as a function of the 

pleasure they experience toward varying sweetness from different concentrations of 

sucrose, and the intensity of gapes by rats vary as a function of the aversion they 

experience toward varying bitterness from different concentrations of quinine.  

 Natural selection of response properties in neural systems selectively retains 

hedonic systems that produce pleasure toward fitness-giving stimuli, and pushes out 

hedonic systems in the ecology that do not produce pleasure toward fitness-giving 

stimuli. Similarly, natural selection of response properties in neural systems selectively 

retains hedonic systems that produce aversion toward fitness-reducing stimuli, and 
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pushes out hedonic systems in the ecology that do not produce aversion toward fitness-

reducing stimuli.  

State Affective System 

The consumer’s state affective system, with key circuits in the brain-stem, 

performs a function that is different from the hedonic affective system (Barbano and 

Cador 2007). Whereas the hedonic affective system evaluates external stimuli based on 

sensory (and, this dissertation argues, semantic) qualities, the state affective system 

evaluates internal stimuli, and assesses the organismic status of the consumer.  

When the consumer is in an organismically deficient state, such as when suffering 

physical injury, or when sick, the release of CRF (Corticotrophin Releasing Factor) 

slows down firings in the sensorimotor cortex, minimizing the risks taken by the 

consumer. The risk-to-reward appetite of the consumer under an organismically 

deficient state is low because risky stimuli are more likely to kill the organism than 

rewarding stimuli are likely to benefit the organism (i.e., the impact of the bad is higher 

than the impact of the good). Under organismically deficient states, the consumer will 

feel sluggish, and this discourages the consumer from pursuing stimuli (or pursuing 

types of stimuli) that can be risky to an already vulnerable system.  

In contrast, when the consumer is in an organismically sufficient state, the release 

of dopamine accelerates the sensorimotor cortex, maximizing the pursuit of 

fundamental rewards (sources of food, water, and reproductive opportunities) even at 

the cost of greater risks.  Panksepp (1998) reports that activating the organism’s 

reward-seeking system increases forward locomotion in almost all mammals tested in 

the laboratory. Although not exactly equivalent, Sacks et al. (1972) suggest that 
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dopaminergic activation in humans, through the administration of L-dopa in dopamine-

deficient patients, increases approach locomotion, increasing the frequency and speed 

of walking toward rewards such as food and the opposite sex. The risk-to-reward 

appetite is higher because (as a result of natural selection) the benefits of pursuing 

additional rewards during an organismically sufficient state outweigh the risks involved 

in pursuing these rewards (i.e., the impact of the good is higher than the impact of the 

bad). In the end, the organism is (non-consciously) increasing its probability of passing 

down its genetic codes, and pursuit of reproductive opportunities (for example) when in 

an organismically sufficient state increases its chances of passing down its codes, even 

when this pursuit is risky.   

The Heuristic Value of Sensory Qualities in the Two-Affect Organism 

The fitness-giving, or fitness-reducing, qualities of stimuli cannot be directly 

computed by the perceptual system. The natural selection of response properties takes 

time, and so the only physical qualities that neural systems are able to perceive are 

those that are evolutionarily persistent (i.e., physical qualities that have remained 

persistent over a long period of time, at least thousands of years). Because perceptual 

systems have to predict the fitness-giving (or fitness-reducing) status of a stimulus 

based on physical qualities that are evolutionarily persistent, the sensory system is able 

to hedonically adjust toward only broad sensory quality categories of stimuli. In 

gustatory stimuli, the classical sensory qualities of sweetness, sourness, saltiness, 

bitterness, savoriness, and spiciness are physically extractible by the system (Goldstein 

2007; Rolls 2005).  

There are, however, problems with regards to a hedonic system that relies only on 

sensory qualities to predict its fitness-enhancing or fitness-reducing status. Because 
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each sensory quality is broad, each sensory quality can be predictive of both fitness-

enhancement and fitness-reduction. For example, sourness can predict fitness-

reduction in the case of rotting food (the perceptual system generates sourness toward 

the presence of acids, such as lactic acid), or fitness-enhancement in the case of citrus 

food (the perceptual system generates sourness toward ascorbic acid and citric acid).  

One way for the system to resolve this issue is to use the organism’s state affect 

system to adjust its risk-to-reward ratio upward or downward, depending on whether the 

organism’s state affect signals organismic vulnerability or organismic sufficiency. When 

the state affective system signals organismic vulnerability, it will modify the response of 

the hedonic affective system toward sour stimuli in order to produce aversion, and limit 

the organism’s risk-taking when in a vulnerable state (e.g., when physically injured, sick 

or separated from parent). This may be consistent with the “comfort foods” 

phenomenon, in which foods consumed by people under negative affective states are 

rarely sour or spicy. In the universe of foods, comfort foods tend to be, on average, less 

sour and less spicy than the average food.  

 In contrast, when the state affective system signals organismic sufficiency, it will 

modify the response of the hedonic affective system toward sour stimuli in order to 

produce pleasure (i.e., the sour sensation produces a feeling of pleasure in the 

organism), and increase the organism’s risk-taking when in a sufficient state. This 

modification takes the form of heightened sensitization (increased perceptual intensity 

of sourness) and sensory interpretation (experience of the sensory quality as punishing 

as opposed to rewarding; e.g., Rolls 2005). These propositions can be summarized as 

follows: 
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P3a. Consumers under negative affective states will experience aversive tastes as 

more intense, and more punishing, than consumers under neutral affective states 

(“comfort foods” phenomenon).  

P3b. The increased intensity of sourness, and the interpretation of the aversive 

taste as punishing, will lead to consumers’ lower willingness-to-pay for sour foods.  

These propositions will be tested in the chapter on Affect-Tuning.  
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CHAPTER 4 
OPERATING PROPERTIES OF THE TWO-SYSTEM CONSUMER 

Four Pathways 

Given the two consumption systems (Sensory and Semantic) and two affect 

systems (State and Hedonic), I will identify four pathways through which we can study 

various consumer phenomena. Each of these pathways contain processes that may 

eventually account for multiple consumer phenomena (sample phenomena in 

parentheses): (1) Sensory to Hedonic Affect Pathway (e.g., sensory contrast 

phenomenon), (2) Semantic to Hedonic Affect Pathway (e.g., semantic habituation 

phenomenon in branding), (3) State Affect to Hedonic Affect Pathway as mediated by 

Sensory Channels (e.g., comfort foods phenomenon; cold hands phenomenon), and (4) 

State Affect to Hedonic Affect Pathway as mediated by Semantic Channels (e.g., the 

tortured artist phenomenon). 

A discussion of each of these pathways will lead to a number of general and 

specific propositions, some of which would then be tested in laboratory experiments 

reported in chapters 5 and 6.   

First Pathway: Sensory to Hedonic Affect Pathway 

One of the most fundamental functions of sensory channels in the perceptual 

system is to provide perceptual discrimination. For example, visual discrimination of 

edible stimuli, such as purple blueberries from a background of green foliage, is widely 

considered to be the fundamental function of color perception in the visual channel 

(Goldstein 2007). Without color perception, it would be extremely difficult for organisms 

to select the berries from the rest of the foliage, greatly reducing the probability of 

survival and passing down genetic code.   
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A key insight, however, in the study of color perception in the visual channel, is 

that the generation of color perception is not random; in other words, not purely for 

nonsystematic discrimination as is assumed in the visual perception literature (i.e., it is 

not a random label). For example, green stimuli (e.g., leafy vegetables) contain very 

different phytochemicals compared to red stimuli (e.g., tomatoes, strawberries). As a 

result, it is a convenient perceptual heuristic for organisms to consume stimuli of 

different colors to obtain all the phytochemicals and micronutrients that are needed for 

metabolism and growth (i.e., consuming food of different colors is more likely to provide 

adequate nutrition that consuming food of the same color).  

As discussed in the previous chapter regarding the two affective systems, it is a 

universal property of hedonic systems to generate pleasure toward stimuli that are 

generally beneficial to the organism. The natural selection of protein codes in DNA that 

produce a physiological system capable of producing pleasure toward beneficial stimuli 

occurs in all ecological systems in which there is competition for finite resources 

(Darwin 1879). This leads to the following proposition: Hedonic habituation should occur 

toward continuous perception of the same sensory quality of a stimulus (e.g., red in a 

strawberry). It appears that the consumption does not even have to be gustatory, i.e., 

the stimulus does not have to enter the organism’s digestive system, as previously 

thought, before habituation could occur. These propositions can be summarized as the 

following: 

P4. Repeated visual exposure to a sensory quality (e.g., color, texture) should lead 

to hedonic habituation and cause liking to decline for that sensory quality.  
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Perhaps more interestingly, the opponent process structure of the visual channel, 

along with the natural selection of hedonic properties (the tendency of systems to 

generate pleasure toward stimuli that are incrementally beneficial), lead to a proposition 

regarding what stimuli would be more preferred after hedonic habituation to a sensory 

stimulus occurs: 

P5. Repeated visual exposure to a sensory quality (e.g., blue) should lead to a 

hedonic build-up for the sensory quality that is antagonistic to it (e.g., yellow).  

The aforementioned propositions have marketing implications. A marketer, such 

as Starburst (whose product and its packaging is yellow), can increase hedonic 

response toward its product by exposing consumers to its opponent sensory quality in 

the ad (by showing a blue-dominant ad before presenting the product). Selecting 

antagonistic pairs of sensory qualities would enable the greatest release of hedonic 

pleasure at the point when the consumer perceives the product (usually towards the 

end of an advertising copy).  

These predictions may even extend toward products that are non gustatory. A 

marketer, such as Apple (formerly known as Apple Computer), can increase hedonic 

pleasure of consumers toward its product designs by increasing consumer exposure to 

an opposing sensory quality (e.g., blue, jagged, matte) just before consumers are 

exposed to its product with certain sensory qualities (e.g., yellow, smooth, glossy). This 

presentation sequence can be implemented either in advertising or in the retail 

environment (i.e., its Apple store).  Following this presentation sequence will ensure the 

greatest release of pleasure response among consumers, compared to a presentation 
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strategy that is random (or consistent with the product color). This proposition can be 

summarized as follows: 

P6. Presenting sensory qualities (e.g., blue, jagged, matte) that are antagonistic to 

a product’s sensory qualities, before presenting the product itself, will enhance visual 

pleasure toward the product, and enhance willingness to pay for the product.  

The following table summarizes the main opponent categories of sensory channel 

extraction, and consequently, pleasure generation: 

Table 4-1. Opponent sensory categories. 
Sensory Category Sensory Percept Antagonistic Percept 
Visible light (color) 
Visible light (color) 
Gustatory sensation (“taste”) 
Gustatory sensation (“taste”) 

Blue 
Red 
Savoriness (“Umami” in Rolls 
2005) 

Yellow 
Green 
Pungency 

  

Second Pathway: Response Properties of the Semantic Consumption System – 
Semantic Generation Pathway 

Sensitization and habituation are two processes that have been documented for 

perception. A consequence of cells in the body, especially neurons (brain cells), is that 

repeated activation leads to neural habituation.  

Associative links connecting memory traces carrying meaning (family, tradition) 

and memory traces carrying brands (Coca-Cola) are activated by neurons that may also 

habituate. Marketers routinely spend millions of dollars in efforts to increase consumer 

exposure toward their brands. A paradoxical consequence of increasing consumer 

exposure to brands is that brands may lose their meaningfulness, even if the consumer 

can still perceive or recall the brand (the memory trace containing the brand itself). To 

the extent that these brand associations carry positive valence that is then imputed into 
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an overall evaluation of brand value or brand equity, increasing exposures to a brand 

may actually hurt brand equity, at least under certain conditions.  

 Brand knowledge is represented in an extensive memory network that contains 

memory traces in multiple dimensions, spanning category needs, descriptive features, 

personal value and meaning, imagery, and cognitive and affective responses (Aaker 

1997; Keller 2003; Peter and Olson 2001). These memory traces become part of the 

brand’s semantic network because a consumer’s temporally simultaneous exposure to 

the brand and an entity (such as a person, place, or event) can establish associative 

links between the brand and the entity (Mitchell 1982). As a result, subsequent 

exposure to a brand can unconsciously and automatically activate these semantic 

associates. To the extent that these semantic associates are positive in valence, their 

automatic activation enhances the overall synthesized brand meaning and increases 

the consumer’s desire to consume the brand.  

 Brand networks operate much like associative networks, such as the classic 

spreading activation model by Collins and Loftus (1975). The cognitive and neurological 

processes that underpin the operational properties of brand networks are thus similar to 

semantic networks for words. Each semantic association (e.g., firetruck) is connected to 

the word (e.g., red) via an associative link, and the activation strength of this link is a 

function of the number of co-activational exposures to the semantic association and the 

brand. The more exposures involve the co-activation of the word and its semantic 

association (e.g., the more red firetrucks are encountered), the stronger the activation 

strength of the associative link becomes. A consequence of a stronger associative link 

is that activation of the word is more likely to activate its semantic associate. 



 

60 

 The neurobiology literature has demonstrated that neurons can habituate 

following repeated activation (Groves and Thompson 1970; Kandel et al. 2000; LeDoux 

2002; Thompson and Spencer 1966). For example, neurons in the mammalian central 

nervous system first sensitizes toward a stimulus, showing increased activation after a 

few exposures. But after repeated exposure to the stimulus, neurons begin to habituate, 

as its firing rate decreases until they completely cease to fire. Neural habituation 

appears to be a universal response property in the mammalian physiology, applying to 

sensory phenomena involving touch, gustatory, auditory, and visual systems. The 

conscious perception of a shirt, for example, is most obvious at the time that the wearer 

first wears it, and gradually becomes unconscious as neurons in the somatosensory 

cortex stop firing in response to the tactile stimulus.  

Most demonstrations of sensory habituation have been performed in the animal 

literature, particularly in animals that have relatively few neurons, enabling researchers 

to isolate each cell as measure its response. But among humans, sensory stimulation is 

not the only dimension of consumer experience. Semantic stimulation is a major aspect 

of consumer experience, particularly in adults with well-developed neural circuits for 

semantic networks. As human beings grow, neural circuits that support semantic 

networks develop in complexity, enabling humans to predict and anticipate 

consequences from the activation of semantic associations in semantic networks. 

Semantic associations allow consumers to quickly evaluate different products in the 

environment without requiring effortful thinking. These semantic associations can be 

linked to traces that are either positively or negatively tagged (Bower 1981), allowing the 

consumer to make a quick evaluative judgment. Brands are one such heuristic that 
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allow consumers to make a quick evaluative judgment about a product or service. 

Because brands activate associative links containing semantic associations that are 

probabilistically predictive, brands help consumers choose among options with minimal 

deliberative effort.   

Although habituation of sensory stimuli is fairly well-established, habituation of 

semantic stimuli has not been demonstrated. Because brand associations are mediated 

by neuronal firings, this dissertation proposes the same pattern of results for semantic 

habituation, in which the first few exposures sensitizes the associative links, facilitating 

the activation of brand associations. After repeated exposures, however, the neurons 

that mediate the activation of the brand association may start to habituate, causing a 

failure to activate some of its brand associations. As a result, a brand may become less 

meaningful and brand equity can, paradoxically, decline following repeated exposure.      

  Because the brand network involves associative links to both the semantic 

associations (Collins and Loftus 1975) and to affective responses (Bower 1981; Keller 

2003), this dissertation proposes that semantic habituation can occur at two levels. The 

first level occurs at the level of associative links to semantic associations. The 

associative link between the brand and its semantic associations can habituate, causing 

the brand to lose meaning. The second level at which semantic habituation can occur is 

at the linkage between brand associations and affective response, in which the affective 

nodes that are attached to the semantic associations attached to the brand can 

habituate. The associative link between the brand’s semantic associations and their 

corresponding affective responses can habituate, causing the consumer to lose the 

experience of pleasure toward an activated meaning. Both levels of habituation have 
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important consequences for the brand, but they have different antecedents that 

marketers can control.  

 Because the first level of habituation, at the level of associative link between the 

brand and its association, has a direct neuronal contact point with the brand, a 

consequence is that repeated exposure to the brand per se can cause habituation. In 

other words, merely exposing the consumer to the brand can cause habituation of its 

meaning associations, as long as the number of exposures is enough to cause 

habituation.  

 However, because there is a phonological component to brand representations 

(Dell 1986), alternative brand names with distinct phonological patterns (e.g., Coca-Cola 

and Coke, Reebok and Rbk) activate slightly different nodes through distinct associative 

links, and can thus slow down the process of habituation following repeated exposure. 

These predictions lead to the following propositions: 

P7. Repeated consumer exposure to the brand can decrease the automatic 

activation of brand associations, leading to a loss of brand meaning.  

P8. To the extent that brand meaning underlies consumer desire of the brand, 

loss of brand meaning can decrease consumer desire and purchase intentions.   

P9. The use of alternative brand names can slow habituation. 

The second level of habituation occurs at the link between the brand’s semantic 

associations and their corresponding affective responses.   

A phenomenon in social psychology that may be consistent with the idea of 

contrasting semantic categories is the propensity of female humans to have heightened 

liking for male humans when the latter is perceived to possess a pair of semantically 
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antagonistic qualities, such as physical athleticism and intellect (e.g., a varsity player 

who is at the same time a national merit scholar), or rugged and sensitive (e.g., a rock 

star who is emotionally attentive).  

The role of Bayesian prediction in pleasure 

This next discussion attempts to use Bayesian prediction in the context of 

Pavlovian conditioning as the possible underlying principle behind increased pleasure 

generation across sensory and semantic categories. The response properties of the 

hedonic affective system appear to be consistent with a predictive system that attempts 

to obtain the widest range of needs with the smallest amount of effort (Rolls 2005). In 

the cases of both sensory and semantic contrasts, it appears to be the case that each 

antagonistic (sensory or semantic) percept is predictive of an orthogonal portfolio of 

qualities. For example, red stimuli such as strawberries and tomatoes are predictive of 

Vitamin C and lycopene, whereas antagonistic green stimuli such as spinach are 

predictive of a different set of vitamins and micronutrients. In the same way, the 

semantic category “athleticism” is predictive of an orthogonal portfolio of qualities, 

maximally independent of the portfolio of qualities predicted by the semantic category 

“intelligent.” The idea that these antagonistic percepts are “maximally independent” is a 

function of the Bayesian probabilistic distribution of concurrent pairs of semantic 

categories—highly athletic individuals are usually not highly intellectual at the same 

time. In the same way, it is not probabilistically common for an organism to encounter 

both red and green stimuli, or both blue and yellow stimuli (which provide maximally 

orthogonal nutrients) during the course of grazing, so those stimulus packages are 

especially attractive, compared to stimulus packages that do not contain antagonistic 

sensory or semantic qualities (e.g.,  athlete or responsible intellectual).  
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Table 4-2. Opponent semantic categories 
Semantic Category Semantic Percept Antagonistic Percept 
Physicality 
Refinement 
Telicity 

Intellectual 
Rugged 
For work 

Athletic 
Elegant 
For play 

 
Semantic representations such as “intellectual” and “athletic” can become 

semantically “opposite” as a result of Bayesian probabilistic distribution and the 

infrequent co-activation of sensory-motor representations attached to these two 

semantic constructs (Andrews, Vigliocco, and Vinson 2009). One goal of this research 

program would be to identify semantics that are perceived to be opposite, and to test 

whether a stimulus (e.g., a brand) that contains contrasting semantic representations is 

considered to be more valuable than a stimulus that does not.  
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CHAPTER 5 
AFFECT-GATING 

The two-system, two affect framework was motivated and described in the first 

four chapters. The first four chapters contain a number of propositions that flow from the 

framework as theorized. In the current chapter (Chapter 5), I will present five empirical 

studies that test a portion of the propositions in the framework.  The term “Affect-Gating” 

refers to the process by which the state affective system (i.e., loosely the 

dopaminergic/vassopressinergic system) changes the output of the hedonic affective 

system (i.e., loosely the opioid system) that is connected to different sensory channels, 

making different sensory aspects of the consumption experience dominant. Because of 

this affect-gating, the consumer experience differs according to the state affect that is 

modulating neural transmission in the organism.    

How Affect States Influence Relevance of Sensory Channels 

Extant models of affect and cognition assume that affect can play three different 

roles in information processing (Cohen, Pham, and Andrade 2008; Patrick and MacInnis 

2006; Shiv 2007). First, affect can be an input in decision making. Affect can exert a 

direct influence (affect as information, e.g., Schwarz and Clore 2007) or an indirect 

influence (e.g., mood congruency, Bower 1981) on a judgment. Second, affect can 

influence the quality of decision making. For example, positive affect leads to greater 

creativity (Greene and Noice 1988), better problem solving (Isen, Daubman, and 

Nowicki 1987), and greater risk taking (Kahn and Isen 1993), but can decrease 

judgment accuracy (Keller, Lipkus, and Rimer 2002).  In contrast, negative affect 

decreases the ability to cope with feedback (Agrawal, Menon, and Aaker 2007), 

increases sub-optimal choice switching (Ratner and Herbst 2005), increases a focus on 
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concrete attributes (Labroo and Patrick 2009), and induces a bias toward positively 

framed information (Keller, Lipkus, and Rimer 2003; Trope and Pomerantz 1998). Third, 

affect can be the focus of decision making. People try to repair their negative moods 

(Patrick and MacInnis 2006; Zillmann 1988) and maintain their positive moods (Andrade 

2005; Clark and Isen 1982), and will try to attend to information that will regulate their 

long-term affect (Keller, Lipkus, and Rimer 2003). Common to all of these research 

streams is the assumption that cognitive processes dictate the use, influence, and 

management of affective experience.  

Neural models of affective processing argue that the affective system and the 

cognitive system collectively control information processing (Barbano and Cador 2007; 

Berridge 2009; Berridge and Robinson 1998). These models assume that affective 

processes manage perceptual experience in order to induce the organism toward 

stimuli that enhance the organism’s long-term survival. One such model, the opioid 

mediation model, assumes that there are hedonic circuits that are the target of affective 

regulation (Pecina, Smith, and Berridge 2006). Affective regulation is accomplished by a 

gating process wherein the prevailing affective state gates the information processing 

system’s access to the most survival-relevant sensory information (Carr and Bak 1987; 

Panksepp and Moskal 2008). For example, experiments on animals show that negative 

affective states increase sensitivity to affiliative touch received by the tactile channel. 

Upon receiving tactile stimulation, the brain induces the release of beta opioids 

(chemicals that have morphine-like properties) that quell the negative affective state 

(Keverne, Martensz, and Tuite 1989; Martel et al. 1993; Panksepp 1998). This hedonic 

pleasure generated from beta opioids induces the animal to seek social affiliation when 
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it is organismically vulnerable (as signaled by the negative affective state). The sensory 

channel opened by affective gates is "privileged" in the sense that other sensory 

channels, such as the visual channel, cannot unconditionally (i.e., without the need for 

associative learning) induce the release of the same opioids generated by social 

rewards (Panksepp 1998).  

There are evolutionary and developmental reasons for affective gating. For 

example, a negative affective state is a visceral indication that the perceiver is 

organismically vulnerable, such as when the seal pup is physically injured or sick, or 

when it has been separated from its parent for an extended period of time (Panksepp, 

Nelson, and Bekkedal 1997). Vulnerable organisms that return to their mothers when 

they experience negative affective states receive tactile stimulation. Tactile stimulation 

then induces beta opioid release, thus returning the juvenile to affective and organismic 

homeostasis (Keverne et al. 1989). Juveniles that are more sensitive to tactile 

stimulation when organismically vulnerable receive physical support from their mother 

and are more likely to survive. Survival then allows these juveniles to sexually mature 

and pass on their gene codes (expressing the response pattern of high tactile sensitivity 

in negative affective states) to offspring. Over hundreds of thousands of years, the 

process of natural selection results in privileged (i.e., “gated”) sensory channels in the 

affective system. In contrast, a positive affective state is a visceral indication that the 

juvenile is organismically self-sufficient and should explore its environment. Juveniles 

that make visual explorations during positive affective states develop better predatory 

and foraging abilities, hence become better hunters or food gatherers. In the end, 

natural selection dictates that the mammal has to assign fluctuating value to sensory 
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channel stimulation (i.e., it has to develop a tendency to be more perceptually and 

hedonically sensitive to different sensory channels in different affective states) in order 

to survive, reproduce, and pass on its genes. Affective gating helps the organism assign 

fluctuating value to sensory channel information without requiring the participation of 

higher order cognition (i.e., without requiring the animal to think).  

If current affect states gate the perception of stimulation from competing sensory 

channels, then this gating process should have implications for product experience and 

the amount of hedonic response. First, products that are experienced under a positive 

or negative affective state should be perceived along the sensory channel dimensions 

that are favorably gated by the state. Second, people should be more sensitive to 

physical changes in the product if these changes occur along the gated sensory 

channels. Third, any consumer behavior that amplifies the primary sensory channel 

used for consumption, or inhibits competing sensory channels, should increase the 

intensity of the sensory perception and influence the amount of pleasure generated from 

that sensory perception. This article provides evidence for these three processes using 

a common consumer product (hand lotion). 

Two Types of Affect 

Two distinct types of affect are relevant to consumer judgment and decision 

making: state affect and hedonic affect (Barbano and Cador 2007). State affect refers to 

the nonspecific, global affective state of the consumer (e.g., a mood). It is nonspecific in 

the sense that perceivers are typically unable to accurately attribute the source of the 

affect. For example, consumers in a positive state affect (henceforth positive affect) 

experience a light, airy feeling that makes them feel alive and upbeat, although they do 

not necessarily know why they feel good (Ciompi and Panksepp 2005; Panksepp 1998; 
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Sacks et al. 1972). Consumers in a negative state affect (henceforth negative affect) 

experience a heavy feeling that makes them feel downcast and lethargic, a global state 

that is sometimes called “anergia” to indicate the lack of psychic and physical energy 

(Salamone, Cousins, and Bucher 1994). Because the source of state affect is difficult to 

accurately identify, its diffuse influence on different neural networks can exert an 

assimilative influence on the evaluation of products (Gardner 1985), attitudes toward an 

ad (Goldberg and Gorn 1987), decisions about future consumption (Pham 1998), and 

judgments of life satisfaction (Schwarz and Clore 1983). State affect exerts an influence 

on judgments by making valence-congruent information more accessible (Isen et al. 

1978), by directly serving as information (Schwarz and Clore 1983), and by affect 

transfer (Morales and Fitzsimons 2007).  In organisms with highly-developed prefrontal 

cortices, difficulty from making a decision (Luce, Payne, and Bettman 1999) can also 

lead to negative affect, which can lead to choosing options that minimize the negative 

affect generated by the choice difficulty (Drolet and Luce 2004).  Neurologically, this 

choice difficulty is generated by CRF activation, so it still falls under state affect.  

In contrast, hedonic affect refers to the affective experience (e.g., hedonic 

response) that is generated as a direct function of a product exposure or consumption 

experience. Positive hedonic affect is what consumers experience as “pleasure,” a 

positive hedonic feeling that is correctly attributed to sensory stimulation from an object 

that is consumed (Barbano and Cador 2007; Berridge and Robinson 1998). Negative 

hedonic affect is what consumers experience as aversion (Hoebel, Avena, and Rada 

2008; Morales and Fitzsimons 2007). The lack of positive hedonic affect is generally 

referred to as “satiation” or “loss of pleasure,” sometimes called “anhedonia” to indicate 
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the lack of hedonic pleasure (Panksepp 1998; Rolls 2005; Salamone, Cousins, and 

Bucher 1994).  

There is psychological and neurological evidence showing that state affect and 

hedonic affect are separate forms of affect. State affect is a nonspecific state that can 

influence a variety of unrelated judgments in an assimilative direction, as long as the 

source of the affective state is not salient (Schwarz and Clore 1983). In contrast, 

hedonic affect is a stimulus-specific, rapid response that is more likely to be integrated 

into an evaluative response when it is salient (Berridge and Robinson 1998). 

Neurological evidence shows that destruction of the dopaminergic pathways that 

mediate state affect does not prevent the generation of hedonic affect (Berridge and 

Robinson 1998; Panksepp 1998; Rolls 2005). That is, an organism without intact 

dopaminergic pathways can become very sluggish, and not want to pursue food or sex, 

but once it receives tactile stimulation from intromission, it will show clear evidence of a 

positive hedonic response (anergia without anhedonia). Second, de-activating the 

opioidergic pathways that mediate hedonic affect does not prevent the generation of 

state affect (Berridge and Robinson 1998; Fantino, Hosotte, and Apfelbaum 1986; 

Panksepp 1998; Pecina et al. 2003). Subjects in this second situation report “wanting to 

have sex” or “wanting to self-stimulate” but not actually enjoying the tactile stimulation 

once it is received (anhedonia without anergia).     

Affective Gating 

Affective gating is a process whereby an organism’s affective state changes the 

kind of sensory input that is privileged to enter perception, subsequently influencing the 

ability to experience positive or negative hedonic affect (Carr and Bak 1987; Carr, 

Bonnet, and Simon 1982; Panksepp and Moskal 2008). This process can be described 
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as “gating” because the various state affect circuits, through different neuromodulators 

(chemical neurotransmitters that increase or decrease the activation of sensory 

neurotransmitters), regulate information coming in from the sensory channels. More 

specifically, mammals in a negative or positive state affective state are differentially 

sensitive to opioids activated by specific sensory channels (i.e., the affective state has 

created sensory-specific needs that can only be fulfilled by the appropriate sensory 

stimulation). In turn, this increased hedonic sensitivity makes the animal more 

responsive to information from the particular sensory channel that is gated.   

Negative State Affect 

Negative state affect (henceforth, “negative affect” for brevity) emerges from 

limbic circuits that respond to physical or social-psychological pain, indicating loss of 

physical health or loss of social support (Eisenberger, Lieberman, and Williams 2003; 

MacDonald and Kingsbury 2006; Panksepp 1998; Panksepp 2003; Zubieta et al. 2001). 

This visceral “loss” signal induces the organism to seek stimuli that restore physical or 

social resources (e.g, its mother and other sources of physical or social support). These 

restorative stimuli have been shown to be detected as an unconditioned stimulus1 most 

reliably through tactile information, in the form of affiliative touch (McGlone et al. 2007; 

Panksepp et al. 1980; Panksepp 1998). In negative affective states such as pain or 

sadness, µ-receptors become highly sensitized and disproportionately available 

(Zubieta et al. 2003). µ-receptors have a molecular structure that is opened only by ß-

endorphins, the primary opioid released during tactile stimulation. When ß-endorphins 

                                            
1 The literature has shown that only affiliative touch can generate pleasure without requiring associative 
processes (i.e., even new-born infants show a pleasure response to affiliative touch, even if they show no 
affective pleasure in response to the sight of their mother) (Panksepp 1998).  
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bond to the µ-receptor, there is a subjective alleviation of the negative affective state 

(i.e., pain or sadness is reduced or eliminated) and a subsequent experience of hedonic 

pleasure is generated (Nelson and Panksepp 1998). In support of this hypothesis, 

Martel et al. (1993) showed that prolonging the negative affective state increases the 

motivation of rhesus monkeys to receive tactile stimulation from mothers or other 

conspecifics. In addition, the administration of morphine, which removes negative affect, 

significantly reduces the ability of tactile stimulation to generate hedonic pleasure 

(Martel et al. 1993; Panksepp, Najam, and Soares 1979). Negative affective states thus 

have the surprising influence of increasing positive hedonic affective responses toward 

tactile stimulation. 

Positive State Affect 

Positive state affect (henceforth, positive affect) emerges from limbic circuits that 

induce the nonspecific searching for rewards and the learning of reward cues (Barbano 

and Cador 2007; Berridge and Robinson 1998; Panksepp 1998). In mammals, food and 

sexual rewards are spatially located and identified using the olfactory system (lower 

mammals) or visual system (higher mammals, including humans). The visual system 

helps the organism search for food, for example, by identifying colorful berries against a 

backdrop of foliage, and by identifying prey movement against a backdrop of other 

objects (visual motion detection and visual temporal resolution). Additionally, the visual 

system helps the organism safely perform “seeking” forward locomotion, one of the 

universal behavioral responses among mammals in a positive affective state 

(Panksepp’s “Search for nuts and knowledge” hypothesis, see Panksepp 1998; Ikemoto 

and Panksepp 1999). Positive affective states cause pupil dilation and an enlargement 

of the visual field (Partala and Surakka 2003), increase visuo-spatial breadth (Rowe, 
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Hirsh, and Anderson 2007), modulates visual temporal resolution (Mora-Ferrer and 

Gangluff 2002), and aids in visual motion detection (Mora-Ferrer and Gangluff 2000). 

The effects of positive affect on visual intake are generally adaptive, although in 

extreme cases, overproduction of dopamine (the main mediator of positive affect) can 

increase visual intake excessively, causing a failure of the affective-perceptual system 

to perform gating against irrelevant visual stimuli (Mansbach, Geyer, and Braff 1988).  

Positive affective states are instrumental in the development of visual perception 

(Imanaka et al. 2008; Mora-Ferrer and Gangluff 2000; Rolls 2005). Positive affect 

indicates that the organism is self-sufficient and should search its environment for 

rewards and reward cues. As a result, visual intake is enhanced through autonomic and 

non-autonomic processes. First, eye-tracking studies show that subjects in a positive 

affective state make more eye saccades than subjects in a neutral or negative affective 

state (Wadlinger and Isaacowitz 2006) and are better at visual motion detection (Mora-

Ferrer and Gangluff 2000). Second, limited visual exploration inhibits perceptual 

development. For example, kittens that are prevented from visual exploration become 

deficient in judgments of visual depth and line orientation (Hubel and Wiesel 1963; 

Wiesel and Hubel 1963a; Wiesel and Hubel 1963b). Mammals that do not perform 

visual exploration are more likely to become developmentally challenged, and become 

less able to judge color contrast, stimulus depth, and stimulus movement (Findlay and 

Gilchrist 2003; Held and Hein 1963). Taken together, these results are consistent with 

the idea that organisms in a positive affective state are hard-wired to search and 

explore, and this exploration mode is induced by a greater sensitivity to visual sensory 

input.        

http://psycnet.apa.org/index.cfm?fa=search.searchResults&latSearchType=a&term=Mansbach,%20Robert%20S.�
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Evidence for Affective Gating 

Although the affective gating hypothesis has not been previously tested in 

humans, there are mammalian results that are consistent with the hypothesis. For 

example, Harlow (1958) demonstrated that a rhesus monkey will attach to a terry-cloth 

“mother” when it is in a negative state, despite the terry-cloth mother's absence of food 

(and the presence of food in a steel wire-mother in an alternate location). With the 

benefit of neurological hindsight, it could be argued that Harlow’s results illustrated the 

privileged access of affiliative tactile channel information in a negative affective state. 

Similarly, Panksepp et al. (1980) demonstrated that chicks in a negative affective state 

(as measured by the number and intensity of separation distress calls) stop their 

separation distress calls and exhibit hedonic eye-closure when caressed by human 

hands. Hofer (1987) shows that even tactile stimulation from a flat strip of synthetic fur 

on the floor reduces distress vocalizations among distressed rats. The fact that tactile 

stimulation from human hands (as opposed to the chick’s mother) or flat synthetic fur 

was able to quell the animal’s negative affective state is consistent with the idea that 

non-specific (i.e., unconditioned) tactile stimulation can alleviate a negative affective 

state (i.e., visual or olfactory recognition of the mother is not necessary).    

Lewis (2000) makes an argument from a developmental perspective. 

Lewis posits that the response dynamics of affective-perceptual circuits iteratively wire 

together in response to life events. It can be argued that the hedonic response to tactile 

stimulation in a negative affective state is an adaptation that promotes social bonding 

and cohesion, whereas the lack of a hedonic response (or aversion) to tactile 

stimulation in a positive affective state is an adaptation that promotes environmental 

exploration. Without the alternating increase and decrease of hedonic experience from 
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tactile stimulation, social cohesion and exploration cannot be optimized to advance 

organismic survival. The organism needs to feel pleasure from tactile contact some of 

the time, and not feel pleasure from tactile contact at other times, in order to achieve 

both the social attachment and exploration needs that promote well-rounded 

development.  

Hypotheses 

If the affect-gating premises are true, then the experience of sensory 

stimulation should not simply be a function of the objective quality of stimulation (e.g., 

velvet is experienced as more pleasant than wood), but should also be a function of the 

specific fit between the current affective state and the sensory channel. In negative 

affective states, stimulation via tactile channels releases ß-endorphins that bind with µ-

receptors to generate hedonic pleasure. Hence, a consumer in a negative affective 

state will be more sensitive to tactile stimulation and should, paradoxically, experience a 

greater hedonic affective response from tactile stimulation compared to consumers in a 

positive or neutral affective state. In addition, the pleasurable hedonic experience will 

cause the consumer to impute higher perceived quality to the source of the tactile 

stimulation.       

H1.  Consumers in a negative affective state (as compared to consumers in a 

neutral or positive affective state) will  

a. experience a product in a more tactile way;    

b. rate tactile product benefits more positively; 

c. be more sensitive to changes in tactile product benefits; 

d. experience an increased hedonic affective response to tactile 
stimulation. 
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In contrast, a consumer in a positive affective state should be more sensitive to 

visual product benefits. Because autonomic increases in visual sensory intake occur 

during positive affect states, the consumer will be more sensitive to visual product 

attributes (generally positive in valence for most products), and will thus rate visual 

product attributes more positively. Yet, visual stimulation in a positive affective state 

does not result in an increased hedonic response toward tactile stimulation because 

visual channels do not have pathway access to brain opioids that activate µ-receptors.  

H2.  Consumers in a positive affective state (as compared to consumers in a 

neutral or negative affective state) will  

a. experience a product in a more visual way;  

b. rate visual product benefits more positively;  

c. be more sensitive to changes in visual product benefits; 

d.  not experience an increased hedonic affective response to tactile 
stimulation. 

To the extent that negative and positive states induce a person to be more 

sensitive to tactile or visual information, respectively, and to the extent that this 

sensitivity leads to a more positive evaluation of product attributes, the consumer should 

value the product more. When in a negative affective state, this increased valuation of 

the product should be driven by the hedonic response that results from the tactile 

stimulation (i.e., mediated by hedonic affect). When in a positive affective state, this 

increased valuation of the product should be driven by the affective state itself (i.e., 

mediated by state affect).  

H3.  Consumers in a negative affective state (as compared to consumers in a 

neutral or positive affective state) will pay more for a product that is 
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experienced tactilely. The increased product valuation will be mediated by 

the hedonic affective response to the tactile stimulation (hedonic affect).    

H4.  Consumers in a positive affective state (as compared to consumers in a 

neutral or negative affective state) will pay more for a product experienced 

visually. The increased product valuation will be a direct consequence of 

the affective state of the consumer (state affect). 

Experiment 1 

Experiment 1 tested the hypothesis that consumers’ affective states can 

influence their sensitivity to information from competing sensory channels (hypotheses 

H1a and H2a). Participants were asked to experience a product (skin lotion) while in a 

negative, neutral, or positive affective state. Afterwards, participants were asked to 

describe the product experience in their own words. It was expected that participants in 

a negative affective state would be more sensitive to the tactile product experience, 

whereas participants in a positive affective state would be more sensitive to the visual 

product experience.  

Design and Procedure 

Design 

Forty-eight undergraduate students participated in the study for course credit. 

The study used a between-subject manipulation of the affective state (negative, neutral, 

positive). Participants were induced into an affective state, tried a product (hand lotion), 

and recorded their perceptions of the product.    

Procedure 

Participants were invited into a behavioral lab and were told that the study 

investigated how consumers experience products under different emotional states. It 



 

78 

was explained that people in certain professions (health care, military) often 

experienced temporary and/or prolonged emotional states and that these moods could 

influence their appreciation for products. Participants were told, “your task is to help us 

design products by sincerely trying your best to feel the emotion that is suggested by 

the statements you are about to read.”    

Participants were then induced into a negative, neutral, or positive affective state 

using the Velten (1968) affect induction procedure. The Velten procedure involves 

reading a series of statements that get progressively more negative (negative affect 

condition), progressively more positive (positive affect condition), or remain consistently 

neutral (control condition). Participants were told to read the statements into a 

microphone, and to take their time imagining how each statement applied to their lives. 

For example, the negative affective state manipulation starts with mildly negative 

statements such as “I feel a little bit low today” and ends with strongly negative 

statements such as “All of the unhappiness of my past life is taking possession of me.” 

The positive affective state manipulation starts with mildly positive statements such as “I 

feel light-hearted” and ends with strongly positive statements such as “God, I feel great!” 

The neutral affective state manipulation starts with affectively neutral statements such 

as “Oklahoma City is the largest city in the world in area, with 631.166 square miles” 

and ends with affectively neutral statements such as “At low tide the hulk of the old ship 

could be seen.”  

This Velten procedure has been found to reliably induce physiological changes 

corresponding to positive and negative affect, both in terms of neural activation and 

psychopharmacology (Brown et al. 1993; Gadea et al. 2005). 
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After the affective state induction, subjects were asked to try a hand lotion. The 

lotion was Crystal Waters™. The lotion was light blue in color and had a tropical lily 

scent, and was placed in an 8-ounce, clear plastic bottle with a pump top. Each 

participant had a bottle of lotion in their personal cubicle. After trying the lotion, 

participants were asked to describe the product using any of the five senses.  

Product description coding 

The product descriptions were coded by two judges who were blind to 

experimental condition, with disagreements resolved through negotiation. Judges coded 

perceptions in reference to tactile, visual, and olfactory dimensions. Perceptions related 

to the tactile dimension included “feels smooth and silky,” “moisturizing,” and “cool to 

the touch.” Perceptions related to the visual dimension included “has a nice blue color,” 

“looks calming,” and “looks like the ocean.” Perceptions related to the olfactory 

dimension included “smells good,” “floral scented,” and “smells sweet.”    

Velten procedure manipulation check 

The effectiveness of the Velten (1968) procedure in inducing affective states was 

confirmed using the Positive-Affect-Negative-Affect Scale (PANAS) first developed by 

Watson, Clark, and Tellegen (1988) in the psychology literature and subsequently 

adopted for marketing by Aaker, Drolet, and Griffin (2008). Eighty-three participants 

were induced into a negative, neutral, or positive affective state using the Velten 

procedure. Participants then used 11-point scales (0 = not at all and 10 = extremely) to 

report how unhappy, disappointed, depressed, bad, unfavorable, dissatisfied, happy, 

elated, upbeat, good, favorable, and satisfied they felt in real time. The six negative 

affect items were combined to form the negative affect index (Cronbach’s α = .97), and 

the six positive affect items were combined to form the positive affect index (Cronbach’s 
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α = .98). The affective state manipulation had a significant main effect on both negative 

affect (F(2, 80) = 41.64, p < .01) and positive affect (F(2,80) = 35.71, p < .01) indices. 

Participants in the negative affect condition felt more negative (M = 5.57) than the 

participants in the neutral (M = 2.60, F(1, 80) = 30.92, p < .01) or positive (M = 1.13, 

F(1, 80) = 67.72, p < .01) affect conditions. Participants in the positive affect condition 

felt more positive (M = 7.54) than the participants in the neutral (M = 3.96, F(1, 80) = 

39.41, p < .01) or negative (M = 2.58, F(1, 80) = 79.69, p < .01) affect conditions.      

Results 

The data were analyzed using a repeated-measure ANOVA with the number of 

tactile and visual product descriptions as the repeated measure and affective state as 

the between-subjects factor. The affective state by sensory channel perceptions 

interaction was significant (F(2, 45) = 14.30, p < .05). The number of tactile perceptions 

(F(2, 45) = 6.43, p < .01) and visual perceptions (F(2, 45) = 12.57, p < .01) varied by 

affective condition. Participants experiencing a negative affective state generated more 

tactile perceptions (M = 2.07) than participants experiencing a neutral (M = 1.19; F(1, 

45) = 10.19, p < .01) or positive (M = 1.24; F(1, 45) = 9.93, p < .01) affective state. 

Participants experiencing a positive affective state generated more visual perceptions 

(M = 1.06) than participants experiencing a neutral (M = .31; F(1, 45) = 16.17, p < .01) 

or negative (M = .20; F(1, 45) = 20.70, p < .01) affective state. A supplemental analysis 

showed that olfactory perceptions did not vary by affective condition (MNegative = 1.07, 

MNeutral = 1.31, MPositive = 1.29; F(2, 45) = .82, p > .10). 

Discussion 

  Experiment 1 demonstrates that consumers in a negative affective state 

generated more tactile perceptions. In contrast, consumers in a positive affective state 
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generated more visual perceptions. The affective state-specific response patterns 

provide preliminary evidence in support of hypotheses 1a and 2a. The competing 

pattern of results on the tactile and visual measures, and the null effect on the olfactory 

measure, suggest that the results are not a consequence of participants being more 

motivated to process information in certain affective states.   

For the remaining studies, it is important to distinguish between two types of 

tactile perception (McGlone et al. 2007; Pecina, Smith and Berridge 2006). 

Discriminative touch is mediated by fast-conducting sensory pathways (McGlone et al. 

2007).  Discriminative touch corresponds to “what is the tactile quality of this stimulus?” 

In contrast, affective touch is mediated by slow-conducting sensory-affective pathways 

(Vallbo, Olausson, and Wessberg 1999; Rolls 2005). Affective touch corresponds to 

phenomenological experiences such as “how good does this stimulus make you feel 

(McGlone et al. 2007)?” Hence, perceived tactile quality, and sensation in general, is 

independent from affective experience and can be separately measured and tested.  

Experiment 2 

Experiment 2 tested the hypothesis that consumers’ affective states (state affect) 

can influence their hedonic response (hedonic affect) toward information from 

competing sensory channels. Consumers were asked to experience a product (skin 

lotion) while in a negative, neutral, or positive affective state. Afterwards, participants 

were asked to rate the tactile, visual, and olfactory quality of the product, the hedonic 

experience of using the product, and the amount they would pay for the product. It was 

expected that participants in a negative (positive) affective state would rate the tactile 

(visual) quality of the product more favorably (Hypothesis 1b and 2b). Additionally, it 

was expected that participants in a negative affective state should have a better hedonic 
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experience from using the product (Hypothesis 1d) and should be willing to pay more for 

the product because of this hedonic experience (Hypothesis 3). Participants in a 

positive affective state should not have a greater hedonic experience from using the 

product, but should be willing to pay more for the product because their state positive 

affective state generates a mood congruent evaluative perception (Hypothesis 4).    

Design and Procedure 

Seventy undergraduate students participated in the study for course credit. The 

study used a between-subject manipulation of the affective state (negative, neutral, 

positive). The procedure was identical to the procedure used in experiment 1 except for 

the dependent measures. First, participants indicated their hedonic affective response 

by rating how pleasurable it was to use the product from 0 (Does not feel pleasurable at 

all) to 10 (Feels very pleasurable). Then, participants rated the tactile (“silky feel”), 

visual (“visually appealing”), and olfactory (“sweet smelling”) quality of the product from 

0 (“not silky”, “not visually appealing”, “not sweet smelling”) to 10 (“very silky”, “very 

visually appealing”, “very sweet smelling”). Finally, participants stated the dollar amount 

they would be willing to pay for a 10-ounce bottle of the lotion.  

Results 

Primary analysis 

The mean responses are presented in table 1. The data were initially analyzed 

using a repeated-measure ANOVA with the tactile and visual product ratings as 

repeated measures and affective state as the between-subjects factor. The affective 

state by product rating interaction was significant (F(2, 67) = 4.65, p < .05). The tactile 

ratings (F(1, 67) = 4.78, p < .05) and visual ratings (F(1, 67) = 7.05, p < .05) varied by 
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affective condition.2 Participants in a negative affective state rated the tactile quality of 

the lotion more favorably (M = 6.91) than participants in the neutral affective state (M = 

5.42; F(1, 67) = 6.28, p < .05), whereas the ratings of participants in the positive 

affective state (M = 6.05) did not vary from the ratings of participants in the neutral 

affective state (M = 5.42; F(1, 67) = 1.33, p > .05). Participants in a positive affective 

state rated the visual appeal of the lotion more favorably (M = 7.35) than participants in 

the neutral affective state (M = 5.62; F(1, 67) = 6.46, p < .05), whereas the ratings of 

participants in the negative affective state (M = 5.86) did not vary from those of 

participants in the neutral affective state (M = 5.62; F(1, 67) = .12, p > .05). Olfactory 

quality ratings did not vary by affective state (MNegative = 7.24, MNeutral = 7.42, MPositive = 

7.70; F(2, 67) = .23, p > .05).  

The next analysis focused on the hedonic response to the lotion and the amount 

the participant was willing to pay to buy the lotion. The hedonic response (F(1, 67) = 

4.78, p < .05) and willingness to pay (F(2, 67) = 3.22, p < .05) varied by the affective 

state condition. Participants in a negative affective state indicated that the lotion made 

them feel better (M = 6.71) relative to participants in the neutral affective state (M = 

5.12; F(1, 67) = 6.47, p < .05), whereas the ratings of participants in the positive 

affective state (M = 5.87) did not vary from the ratings of participants in the neutral 

affective state (M = 5.12; F(1, 67) = 1.51, p > .05). Participants in a negative affective 

                                            
2 Theory predicts that the tactile quality ratings should be higher in the negative affective state than in the 
neutral or positive affective states.  The affective state variable was contrast coded (e.g., negative = 1, 
neutral = -.5, positive = -.5) to be consistent with this prediction (see Keppel and Wickens 2004, pp. 80-
83). Contrast coding was used for tactile quality ratings, visual quality ratings, and hedonic responses. 
Contrast coding was retained for analyses performed in subsequent experiments and will not be 
discussed further. 
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state (M = $4.62) and a positive affective state (M = $4.78) were willing to pay more for 

the lotion than participants in the neutral affective state (M = $3.21; F(1, 67) = 4.09, p < 

.05; F(1, 67) = 5.32, p < .05).   

Table 5-1. The evaluation of skin lotion under different affective states. 
  Dependent Measure 
Affective State Tactile Visual Olfactory Hedonic Value ($) 
Negative 6.91a 5.86b 7.24 6.71a 4.62a 
Neutral 5.42b 5.62b 7.42 5.12b 3.21b 
Positive 6.05b 7.35a 7.70 5.87b 4.78a 
  NOTE ― Column means with different superscripts are different at p < .05.  

 
Mediation analysis for negative affective state participants 

The Baron and Kenny (1986) three-part procedure was used to assess whether 

tactile quality rating and hedonic affective response mediated the influence of the 

affective state on the amount the participants were willing to pay for the lotion (i.e., 

sensory mediation). The analysis used participants in the negative and neutral affective 

states. First, the affective state was a significant predictor of the willingness to pay (β = -

1.41, SE = .58, t(45) = -2.45, p = .02). Second, the affective state was a significant 

predictor of the tactile quality (β = -1.48, SE = .55, t(45) = -2.68, p = .01) and the 

hedonic response (β = -1.60, SE = .65, t(45) = -2.46, p = .02). Third, when the 

willingness to pay measure was regressed on the affective state and the tactile quality, 

the affective state coefficient became non-significant (β = -.81, SE = .58, t(44) = -1.40, p 

= .17) and the tactile quality coefficient remained significant (β = .40, SE = .15, t(44) = 

2.78, p < .01; Sobel z = -2.13, p = .03). Likewise, when the willingness to pay measure 

was regressed on the affective state and the hedonic response, the affective state 

coefficient became non-significant (β = -.62, SE = .52, t(44) = -1.21, p = .23) and the 

hedonic response coefficient remained significant (β = .49, SE = .11, t(44) = 4.42, p < 
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.01; Sobel z = -2.22, p = .03). These results indicate that tactile quality and hedonic 

response mediated the relationship between affect and willingness-to-pay among 

negative affect subjects.  

Lack of mediation for positive affective state participants 

The Baron and Kenny (1986) three-part procedure was used to establish that the 

visual quality rating and hedonic response did not mediate the influence of the affective 

state on the amount the participants were willing to pay for the lotion (i.e., no sensory 

mediation). The analysis used participants in the positive and neutral affective states. 

First, the affective state was a significant predictor of the willingness to pay (β = 1.57, 

SE = .68, t(47) = 2.29, p = .03). Second, the affective state was a significant predictor of 

the visual quality (β = 1.73, SE = .68, t(47) = 2.55, p = .01) but not of the hedonic 

response (β = .75, SE = .59, t(47) = 1.27, p = .21). Third, when the willingness to pay 

measure was regressed on the affective state and the visual quality measures, the 

affective state coefficient (β = 1.18, SE = .72, t(46) = 1.64, p = .11) and the visual quality 

coefficient (β = .22, SE = .15, t(46) = 1.54, p = .13) both became non-significant. The 

non-significance of the hedonic state coefficient in part two of the analysis and visual 

quality coefficient in part three of the analysis indicates that neither process is a 

mediator among positive affect subjects.  

Discussion 

Experiment 2 provides additional evidence for the affective gating hypothesis. 

Participants in a negative (positive) affective state were more sensitive to tactile (visual) 

sensory information. People in the negative affective state experienced a positive 

hedonic response (hedonic affect) from the tactile stimulation, which in turn resulted in a 

greater willingness to pay for the product.  People in the positive affective state were 
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more sensitive to visual stimulation, but this visual stimulation did not drive the valuation 

of the product. Instead, the affective state was responsible for the valuation of the 

product. This mood congruency effect is consistent with many state affect findings in the 

psychology and consumer behavior literature (Forgas 1995; Gardner 1985).  

If different affective states indeed make the consumer sensitive to different 

sensory channels, and if the tactile sensory channel indeed has privileged access to 

hedonic affect under negative affective states (through the interaction of ß-endorphins 

with µ-receptors), then consumers should generate less  ß-endorphins, and 

subsequently less liking, for the product when tactile quality is reduced, because a lower 

tactile thickness induces less neural activation in the tactile channel. However, for 

consumers in a positive affective state, the slight decrease in objective tactile quality 

should go unnoticed. These predictions were investigated in experiment 3.  

Experiment 3 

Experiment 3 tested the hypothesis that consumers’ affective states (state affect) 

can influence their sensitivity to changes in the objective quality of sensory stimulation 

(Hypotheses 1c). Consumers were asked to experience a high or low quality3 product 

(skin lotion) while in a negative, neutral, or positive affective state.  

Afterwards, participants were asked to rate the tactile, visual, and olfactory 

quality of the product, their hedonic experience from using the product, and the amount 

they would pay for the product. It was expected that participants in a negative affective 

state would be more sensitive to changes in the tactile quality of lotion compared to 

                                            
3 To be precise, the terms “high” and “low” quality really correspond to “tactilely viscous” and “tactilely less 
viscous”—the terms “high” and “low” quality are used for brevity. In a separate pre-test, consumers’ lay 
theory of a “high quality” lotion was a tactilely viscous (creamy) lotion, with very few participants preferring 
a less viscous (more runny) lotion.  
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participants in a neutral or positive affective state. The differential sensitivity to the 

tactile quality was also expected to be reflected in the consumer’s hedonic experience, 

and willingness-to-pay, for the product.   

Design and Procedure 

Design 

One hundred eighty-eight undergraduate students participated in the study for 

course credit.  

The study used a 3 x 2 between-subjects design, in which there was a between-

subject manipulation of the affective state (negative, neutral, positive) of the participant 

and a between-subject manipulation of the objective quality (low quality, high quality) of 

the product.    

Procedure 

The procedure was identical to that used in experiment 2. The low quality lotion 

was created by mixing 8 mL of water into every 100 mL of the lotion. Each bottle of 

lotion was shaken 20 seconds before the start of each experimental session to ensure 

product consistency. The high quality lotion was the lotion used in previous 

experiments.  

Results 

Primary analysis 

The mean responses are presented in table 2. The key predictions involved the 

tactile quality, hedonic response, and willingness to pay dependent measures. The 

affective state by objective product quality interaction was significant for the tactile 

quality rating (F(1, 184) = 6.01, p < .05).  
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Consumers in a negative affective state rated the tactile quality of the lotion to be 

lower when the lotion had a low (M = 5.38) as opposed to high (M = 6.93) objective 

quality (F(1, 182) = 8.80, p < .05) whereas neutral (MLow Quality = 5.57, MHigh Quality = 5.34; 

F(1, 182) = .18, p > .05) and positive (MLow Quality = 5.55, MHigh Quality = 5.74; F(1, 182) = 

.12, p > .05) affective state consumers rated the two lotions to be equally good.  

It was predicted that the sensitivity to tactile quality exhibited by the consumers in 

the negative affective state would influence their hedonic response to the lotion and the 

amount they were willing to pay for the lotion.  

Consumers in a negative affective state had a more negative hedonic response 

to the low (M = 5.59) as opposed to high (M = 6.97) objective quality lotion (F(1, 182) = 

6.32, p < .05) whereas neutral (MLow Quality = 5.17, MHigh Quality = 5.47; F(1, 182) = .30, p > 

.05) and positive (MLow Quality = 5.59, MHigh Quality = 5.77; F(1, 182) = .11, p > .05) affective 

state consumers had similar hedonic responses.  

Consumers in a negative affective state wanted to pay less for the low (M = 

$3.29) as opposed to high (M = $4.71) objective quality lotion (F(1, 182) = 7.86, p < .05) 

whereas neutral (MLow Quality = $2.98, MHigh Quality = $3.62; F(1, 182) = 1.58, p > .05) and 

positive (MLow Quality = $3.79, MHigh Quality = $4.40; F(1, 182) = 1.44, p > .05) affective state 

consumers wanted to pay similar amounts.  

Table 5-2. The evaluation of different qualities of skin lotion under different affective 
states. 

  Dependent Measure 
Affective State Tactile Visual Olfactory Hedonic Value ($) 
Negative      
  Low Quality 5.38 5.29 7.24 5.59 $3.29 
  High Quality 6.93 5.17 7.48 6.97 $4.71 
Neutral      
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Table 5-2. Continued 
  Dependent Measure 
Affective State Tactile Visual Olfactory Hedonic Value ($) 
  Low Quality 5.57 5.83 7.70 5.17 $2.98 
  High Quality 5.34 5.75 6.88 5.47 $3.62 
Positive      
  Low Quality 5.55 6.74 6.70 5.59 $3.79 
  High Quality 5.74 6.62 7.24 5.77 $4.40 

 

Mediation analysis for negative affective state participants 

The Baron and Kenny (1986) three-part procedure was used to assess whether 

the tactile quality rating and hedonic response mediated the influence of the objective 

quality of the lotion on the amount that the participants were willing to pay for the lotion. 

The analysis used participants in the negative affective state.  

First, objective quality was a significant predictor of the willingness to pay (β = 

1.41, SE = .50, t(61) = 2.85, p < .01).  

Second, the objective quality was a significant predictor of the tactile ratings (β = 

1.55, SE = .50, t(61) = 3.13, p < .01) and the hedonic response (β = 1.38, SE = .50, 

t(61) = 2.80, p < .01).  

Third, when willingness to pay was regressed on the objective quality and the 

tactile quality ratings, the objective quality coefficient became non-significant (β = .76, 

SE = .49, t(60) = 1.56, p = .13) and the tactile quality ratings remained significant (β = 

.42, SE = .12, t(60) = 3.60, p < .01; Sobel z = 2.56, p = .01).  

Likewise, when the willingness to pay was regressed on the objective quality and 

the hedonic response, the objective quality coefficient became non-significant (β = .85, 

SE = .49, t(60) = 1.75, p = .08) and the hedonic response remained significant (β = .41, 

SE = .12, t(60) = 3.46, p < .01; Sobel z = 2.33, p = .02). 
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Discussion 

   Experiment 3 demonstrates that consumers in a negative affective state were 

more sensitive to changes in the objective tactile quality of a lotion, leading to changes 

in the amount that they were willing to pay for the product. In contrast, consumers in 

neutral and positive affective states were relatively insensitive to changes in the 

objective quality of the lotion, leading to no significant differences in the amount that 

they would pay for the lotion.  

 A simple way to describe the results thus far is to claim that people in a negative 

state are sensitive to tactile information, whereas people in a positive state are sensitive 

to visual information. This explanation is a bit too simplistic because it suggests that the 

perceptual sensitivity differences between people in a negative and positive affective 

state is a function of directed attention. This is not so.  

Neurophysiological findings suggest that people in a negative state are 

differentially receptive to information from the tactile channel (i.e., there is a gating 

effect). That is, if visual channel information were to be reduced, the emphasis on the 

tactile channel information would increase and the hedonic experience would become 

more intense. However, people in a positive state are not affect-gated, hence, are not 

affectively receptive to the tactile channel information. Thus, even if the visual channel 

information were to be reduced, the person would still be unable to affectively 

appreciate the tactile channel information.  

In effect, the person is the positive state is affectively numb (in relative terms) to 

the influence of tactile information, in the same way that a person who just ate a large 

amount of ice cream is affectively numb to the sweetness of ice cream (that is, the 

person tastes the ice cream but does not experience pleasure from it).   
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Experiment 4 

 Experiment 4 tested the hypothesis that blocking the visual channel could 

increase a negative-state consumer’s sensitivity to the activation in the tactile sensory 

pathways.  In the experience of tactile stimulation, blocking a competing sensory 

channel (visual channel) transfers neural activation to the remaining, unblocked 

channel, increasing subsequent affective sensitivity. In turn, this increased sensitivity 

should be experienced hedonically and result in an increased valuation of the product. 

In contrast, blocking the visual channel should not influence consumers in a neutral or 

positive affective state, because these consumers are not affectively receptive (in 

relative terms) to tactile information. 

Design and Procedure 

Design 

Two hundred and fifty-one undergraduate students participated in the study for 

course credit. The study used a 3 x 2 between-subjects design, with affective state 

(negative, neutral, positive) and visual channel blocking (block, control) as the between-

subjects factors.  Participants were induced into an affective state, and then either 

experienced the lotion while closing their eyes (block visual channel condition) or while 

keeping their eyes open (control condition). The participants then rated their hedonic 

experience, the product’s perceived tactile, olfactory, and visual qualities, and indicated 

their willingness-to-pay in dollars and cents. One participant did not follow the blocking 

instructions and two respondents’ listed prices were more than three standard 

deviations from the mean. These data points were excluded from the analyses.  
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Procedure 

The procedure was identical to experiments 2 and 3 with the exception of the 

sensory channel blocking condition. Participants in the blocking condition were told, 

“Please close your eyes and try the lotion. Remember to keep your eyes closed (for 20 

seconds or so) while you are applying the lotion.” In the control condition, participants 

were not given any instructions. The experiment administrator and assistant confirmed 

that participants in the control condition kept their eyes open during the application of 

the product. 

Results 

Primary analysis 

The mean responses are presented in Table 3. The key predictions involved the 

tactile quality, hedonic response, and willingness to pay dependent measures. The 

affective state by blocking interaction was significant for the tactile quality measure (F(1, 

244) = 3.95, p < .05). Consumers in a negative affective state rated the tactile quality of 

the lotion higher when their eyes were closed during product application (M = 7.30) as 

opposed to when their eyes were open (M = 6.30; F(1, 242) = 4.30, p < .05) whereas 

neutral (MClosed = 5.27, MOpen = 5.41; F(1, 242) = .09, p > .05) and positive (MClosed = 6.19, 

MOpen = 6.36; F(1, 242) = .14, p > .05) affective state consumers were insensitive to the 

visual channel blocking manipulation.  

It was predicted that the sensitivity to blocking exhibited by the consumers in the 

negative affective state would influence their hedonic response to the lotion and the 

amount they were willing to pay for the lotion. Consumers in a negative affective state 

had a more positive hedonic response with their eyes closed (M = 7.50) as opposed to 

when their eyes were open (M = 6.37; F(1, 242) = 5.06, p < .05) whereas neutral (MClosed 
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= 5.51, MOpen = 5.36; F(1, 242) = .09, p > .05) and positive (MClosed = 6.05, MOpen = 6.13; 

F(1, 242) = .03, p > .05) affective state consumers had similar hedonic responses. 

Consumers in a negative affective state wanted to pay more for the lotion when their 

eyes were closed (M = $5.13) as opposed to open (M = $3.98; F(1, 242) = 7.22, p < .05) 

whereas neutral (MClosed = $3.30, MOpen = $3.37;  F(1, 242) = .02, p > .05) and positive 

(MClosed = $4.25, MOpen = $4.88;  F(1, 242) = 1.54, p > .05) affective state consumers 

wanted to pay similar amounts.  

Table 5-3. The evaluation of skin lotion under different affective states and visual 
channel blocked or unblocked (experiment 4). 

  Dependent Measure 
Affective State Tactile Visual Olfactory Hedonic Value ($) 
Negative      
  Eyes Closed 7.30 4.95 7.10 7.50 $5.14 
  Eyes Open 6.30 6.03 6.68 6.37 $3.98 
Neutral      
  Eyes Closed 5.27 5.81 6.90 5.56 $3.30 
  Eyes Open 5.41 5.87 7.00 5.36 $3.37 
Positive      
  Eyes Closed 6.19 6.35 7.98 6.05 $4.25 
  Eyes Open 6.36 6.71 7.47 6.13 $4.88 

 
Mediation analysis for negative affective state participants 

The Baron and Kenny (1986) three-part procedure was used to assess whether 

the tactile quality rating and hedonic response mediated the influence of the visual 

channel blocking on the amount that the participants were willing to pay for the lotion. 

The analysis used participants in the negative affective state. First, visual channel 

blocking was a significant predictor of the willingness to pay (β = -1.16, SE = .56, t(78) = 

-2.08, p < .05). Second, visual channel blocking was a significant predictor of the tactile 

quality ratings (β = -1, SE = .45, t(78) = -2.22, p < .05) and the hedonic response (β = -

1.13, SE = .49, t(78) = -2.31, p < .05). Third, when the willingness to pay was regressed 
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on visual channel blocking and the tactile quality ratings, the visual channel blocking 

coefficient became non-significant (β = -.35, SE = .44, t(78) = -.80, p = .43) and the 

tactile quality rating coefficient remained significant (β = .81, SE = .11, t(78) = 7.51, p < 

.01; Sobel z = -2.14, p = .03). Likewise, when the willingness to pay was regressed on 

visual channel blocking and the hedonic response, the visual channel blocking 

coefficient became non-significant (β = -.28, SE = .43, t(78) = -.16, p = .51) and the 

hedonic response coefficient remained significant (β = .78, SE = .10, t(78) = 8.10, p < 

.01; Sobel z = -2.23, p = .03). 

Discussion 

Experiment four showed that blocking the visual channel increased perceptions 

of the tactile quality of a product, but only when a person was in a negative affective 

state. This result is consistent with the affect-gating hypothesis. Blocking the visual 

channel increased sensitivity to the activation in the remaining, unblocked tactile 

channel. Blocking the visual channel was especially effective because the visual 

cortices are the most energy-consuming cortices in the human brain, consuming about 

60% of the total oxygen distributed to all five sensory cortical groups when a person is 

awake (Kringelbach 2009).  

Thus, blocking information acquisition by the visual channel can increase 

sensitivity to information presented in the remaining dominant sensory channel used in 

consuming a product. When people were in a negative affective state, the activation of 

the tactile channel led to a greater release of ß-endorphins that provide a pleasant 

feeling of hedonic affective pleasure. Thus, blocking the sensory channel that did not 

have access to affective gates helped enhance the pleasure of the consumption 

experience.  
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 The neuroscience literature offers further insights on how to improve the quality 

of tactile stimulation in affect-specific ways. Panksepp (1998) proposes that negative 

affect (mediated by CRF, or Corticotrophin Releasing Factor), is accompanied by 

thermoregulatory changes in the dermis and epidermis (skin). Animal studies show that 

sad rhesus monkeys that were separated from their mothers had a lower surface 

temperature compared to control monkeys (Kalin, Shelton, and Barksdale 1989). 

Panksepp, Nelson, and Bekkedal (1997) suggest that this decrease in temperature is an 

adaptive response meant to induce rhesus monkeys to look for their mothers (who 

provide tactile warmth). It is evolutionarily advantageous for young rhesus monkeys to 

be in contact with their mothers, their primary source of nourishment and protection, 

when the young monkeys are vulnerable. Otherwise, a rhesus monkey that does not 

experience a negative-affect-mediated decrease in skin temperature may not seek its 

mother (the adaptive action), and this may lead to organismic damage. This is one of 

the interesting ways in which negative affect can have positive consequences for the 

organism.   

Once the distressed rhesus monkey is reconciled with the parent, it appears that 

two sources of stimulation restore the monkey toward affective equilibrium: (1) Tactile 

stimulation from the mother (mediated by Merkel receptors on the skin), and (2) 

Thermal stimulation from the mother (mediated by unmyelinated C-fibers for perceiving 

warmth). There is interaction between tactile and thermal stimulation (see Nelson and 

Panksepp 1998) because tactile stimulation, via rubbing or caressing the skin, can 

stimulate unmyelinated C-fibers and generate a perception of warmth. This thermo-

tactile stimulation leads to beta opioid release, resulting in pleasurable feelings and 
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lowered blood pressure (Uvnas-Moberg 1998). This stimulation also leads to a 

decrease in levels of stress hormones, alleviating negative affect (Uvnas-Moberg 1997).   

 The idea that there are two approaches to increasing the intensity of tactile 

stimulation (rubbing and direct heat transduction) has conceptual and marketing 

implications. The first source of tactile stimulation (rubbing) was tested in experiments 1, 

2, and 3. These experiments suggest that tactile stimulation in human consumers 

influences product perception and has a significant impact on the consumer’s hedonic 

affective response to the product (see Experiment 2). The second source of tactile 

stimulation (direct heat transduction) will be tested in experiments 5A and 5B: 

Experiment 5A tests whether negative affect causes a physiological response of 

coldness among humans, and experiment 5B tests whether consumers under negative 

affect, who feel colder, would experience greater pleasure from warming products.  

Experiment 5a 

 Experiment 5A tested the hypothesis that a negative affective state causes a 

physiological response of coldness among consumers. Participants were induced into a 

negative or neutral affective state. Afterwards, participants were asked to rate how cold 

their hands felt. It was predicted that participants under negative affect would rate their 

hands to be colder than participants under neutral affect.  

Design and Procedure 

Design 

Forty-two undergraduate students participated in the study for additional course 

credit at a southeastern university in the United States of America. The study used a 

between-subjects design with affective state (negative, neutral) as the between subjects 

factor.  
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Procedure 

The procedure used the same Velten (1968) affect induction procedure used in 

the previous experiments. After the subjects were induced into their respective affective 

state conditions, they read the question “How cold do your hands feel right now? (on a 

scale from 0 to 10, with 10 being coldest)” and indicated their answer on a blank next to 

the question.  

Results 

The main effect of affective state is significant (F(1,40) = 4.16, p < .05). The 

participants in a negative affective state (M = 4.23) felt colder than the participants 

experiencing a neutral affective state (M = 2.80; F(1, 40) = 4.16, p < .05).    

Discussion 

 Participants under a negative affective state felt colder than participants under a 

neutral affective state, a response pattern that is consistent with the idea that negative 

affect induces a physiological response of coldness to make it more likely for the 

organism to seek physical or social support when it is organismically vulnerable.  

If a physiological response of coldness indeed results from negative affective 

states, then we should expect that a sensory stimulation of tactile warmth should be 

perceived as more pleasurable for consumers under negative affect (but not for 

consumers under neutral affect). Experiment 5B tests this idea in the context of the 

consumption of warming versus non-warming products. 

Experiment 5b 

 Experiment 5B tested the hypothesis that increasing the tactile warmth of a 

product can enhance a consumer’s hedonic response to the product when the 

consumer is in a negative affective state. Participants were induced into a negative or 
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neutral affective state. Afterwards, participants were asked to try either a regular or 

warming lotion, and then indicate how the lotion made them feel, as well as rate the 

perceptual qualities of the lotion. It was expected that participants in a negative affective 

state would show a greater hedonic response, rate the tactile qualities of the lotion more 

favorably, and indicate a higher willingness-to-pay for the warming version of the 

product.  

Design and Procedure 

Design 

One hundred sixty-nine undergraduate students participated in the study for 

course credit at a southwestern university in the United States of America.  

The study used a 2 x 2 between-subjects design with affective state (negative, 

neutral) and tactile warmth (warming, control) as between-subjects factors.   

Procedure and Stimuli 

The procedure was identical to experiments 2 and 3. The control lotion was the 

unadulterated lotion and the warming lotion was the same lotion infused with eucalyptus 

oil, a well-established warming agent. Exactly 2 mL of eucalyptus oil was infused into 

140 mL of lotion using a latex-free syringe and subsequently shaken. Each bottle of 

lotion was shaken for twenty seconds prior to each experimental session to ensure that 

the warming ingredient was consistently distributed in the lotion.   

Results 

Primary analysis 

The key predictions involved the tactile quality, hedonic response, and willingness 

to pay dependent measures. The affective state by tactile warmth interaction was 

significant for the tactile quality measure (F(1, 165) = 4.13, p < .05). Consumers in a 
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negative affective state rated the tactile quality of the lotion higher when it contained the 

warming ingredient (M = 7.64) as opposed to when it did not (M = 6.21; F(1, 165) = 

9.98, p < .05), whereas neutral affective state consumers were insensitive to the 

presence of the warming ingredient (MWarming = 5.59, MControl = 5.46; F(1, 165) = .09, p > 

.05).  

It was expected that the sensitivity to the warming ingredient by the consumers in 

the negative affective state would influence their hedonic response to the lotion and the 

amount they were willing to pay for the lotion.  

Consumers in a negative affective state had a more positive hedonic response to 

the lotion containing the warming ingredient (M = 7.38) as opposed to the control lotion 

(M = 6.18; F(1, 165) = 5.36, p < .05), whereas neutral affective state consumers had 

similar hedonic responses (MWarming = 5.44, MControl = 5.59; F(1, 165) = .09, p > .05).  

Consumers in a negative affective state wanted to pay more for the lotion 

containing the warming ingredient (M = $6.57) as opposed to the control lotion (M = 

$5.21; F(1, 165) = 5.40, p < .05), whereas neutral affective state consumers wanted to 

pay similar amounts (MWarming = $4.06, MControl = $4.06; F(1, 165) = .00, p > .05).       

Table 5-4. The evaluation of regular or warming skin lotion under different affective 
states (Experiment 5B). 

  Dependent Measure 
Affective State Tactile Visual Olfactory Hedonic Value ($) 
Negative      
  Control 6.21 5.39 7.44 6.18 $5.21 
  Warming  7.64 5.91 6.38 7.38 $6.57 
Neutral      
  Control 5.46 5.50 6.74 5.59 $4.06 
  Warming  5.59 6.08 6.82 5.44 $4.06 
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Mediation analysis for negative affective state participants 

 The Baron and Kenny (1986) three-part procedure was used to assess whether 

the tactile quality rating and hedonic response mediated the influence of the warming 

agent on the amount that the participants were willing to pay for the lotion. The analysis 

used participants in the negative affective state. First, the warming ingredient was a 

marginally significant predictor of the willingness to pay (β = 1.36, SE = .72, t(82) = 

1.89, p = .06). Second, the warming ingredient was a significant predictor of the tactile 

ratings (β = 1.43, SE = .42, t(82) = 3.44, p < .05) and the hedonic response (β = 1.20, 

SE = .44, t(82) = 2.71, p < .05). Third, when the willingness to pay was regressed on the 

warming ingredient and the tactile quality ratings, the warming ingredient coefficient 

became non-significant (β = -.23, SE = .59, t(82) = -.39, p = .70) and the tactile quality 

rating coefficient remained significant (β = 1.11, SE = .15, t(82) = 7.56, p < .01; Sobel z 

= 3.13, p < .01). Likewise, when the willingness to pay was regressed on the warming 

ingredient and the hedonic response, the warming ingredient coefficient became non-

significant (β = .20, SE = .61, t(82) = .31, p = .74) and the hedonic response coefficient 

remained significant (β = .97, SE = .15, t(82) = 6.69, p < .01; Sobel z = 2.55, p = .01). 

Discussion 

Experiment 5B shows that consumers in a negative affective state are sensitive to 

tactile stimulation as well as the heat generated by the warming ingredient. We argue 

that the tactile contact stimulated the Merkel receptors on the skin and the thermal 

ingredient stimulated the unmyelinated C-fibers (i.e., tactile stimulation and tactile 

warmth pathways). Both types of stimulation activated ß-endorphins that molecularly 
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interacted with µ-receptors, generating the hedonic response. As a consequence, the 

product was more valued.                  

General Discussion 

Taken together, the five experiments suggest that the affective-perceptual system 

has gating properties, in which certain sensory stimulation are intensified or inhibited 

depending on the affective state. Consumers appear to be more perceptually sensitive, 

and hedonically responsive, to tactile stimulation when in a negative affective state than 

when in a neutral or positive affective state (experiment 1). The negative-state induced 

sensitivity to tactile information results in a greater hedonic affective response 

(experiment 2), a greater appreciation for differences in tactile product quality 

(experiment 3), a greater responsiveness to increases in relative tactile stimulation 

through blocking a competing channel (experiment 4), and a preference for products 

that have been engineered to have additional tactile benefits (experiment 5B). All of the 

negative-state induced responses to tactile information result in a higher willingness-to-

pay for the product. Moreover, there is evidence that tactile perception and hedonic 

experience mediate the relationship between product attributes and product valuation. 

There is considerable anecdotal evidence that is consistent with the experimental 

results. First, consumer pursuit of tactile stimulation is a common response to negative 

affect (experiment 2). Children who are sad hug their stuffed animal or snuggle with 

their blanket, and adults who are sad often desire a massage or a hug. Second, 

consumers often close their eyes when they kiss or when they experience a massage, 

especially after a hard day (negative affect). This is consistent with sensory channel 

blocking effects, in which blocking a competing sensory channel transfers neural 

activation to the unblocked sensory channel, and intensifies the pleasure, especially 
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under negative affective states (experiment 4). Third, tactile stimulation and warmth are 

an effective combination for alleviating negative affective states (experiment 5B). A 

warm shower, which combines tactile stimulation from the dribbling water with warmth, 

appears to alleviate a negative affective state better than simply wearing a thick sweater 

(which provides warmth but not tactile stimulation). It is also interesting to note that 

some products are engineered to enhance tactile stimulation (e.g., multiple-jet shower 

heads), warmth (cough & cold syrups with warming agents, e.g., Theraflu™ Warming), 

or both (e.g., Ben-Gay™ Warming Capsaicin Rub). To the extent that these products 

are used in negative affective states (e.g., medication when sick, showering after a 

tough day at work), their consumption should be more pleasurable.   

There are four conceptual issues related to the different forms of affect and 

sensory experience. The first issue concerns the influence of sensory stimulation during 

affective states.  The evidence from the studies suggests that tactile experience 

influences hedonic affect when people are in a negative affective state. The subsequent 

conceptual question is “How does this change in hedonic affect influence the 

consumer’s original state affect?” Does tactile stimulation provide a temporary hedonic 

experience with no underlying influence on the affective state (e.g., the person feels 

good temporarily, but remains in a negative affective state: Andrade 2005; Vohs, 

Baumeister, and Lowenstein 2007) or does the hedonic affect from tactile stimulation 

turn a negative affective state into a neutral or positive affective state?   

The neurobiology literature suggests that the influence of tactile stimulation 

during a negative affective state depends on whether the organism perceives an 

opportunity to search its environment. If there is no clear opportunity to search the 
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environment, tactile stimulation turns a negative affective state into a neutral state. For 

example, isolation-induced vocalizations in rats are reduced or eliminated when they 

receive tactile stimulation (Hofer 1987; Kuhn, Pauk, and Schanberg 1990). However, if 

rats are presented with the opportunity to search or interact with littermates, tactile 

stimulation can turn a negative state into a positive state. Imanaka et al. (2008) showed 

that tactile stimulation not only alleviates negative affect, but also induces positive affect 

and makes the rats show enhanced exploration and locomotor activity in an open-

search task. This appears to be due to the ability of the beta opioid system to indirectly 

(and partially) activate the dopaminergic system (responsible for inducing positive state 

affect) (Burgdorf and Panksepp 2006; Smith and Berridge 2007; Spanagel, Herz, and 

Shippenberg 1990), as long as the environment appears to be conducive for searching 

or playing (Panksepp 1998), with many novel and unpredictable stimuli (Schultz 2006). 

Thus, given an opportunity for consumers to subsequently explore their world or interact 

with other people, tactile stimulation may not only alleviate a negative affective state, 

but also indirectly activate a positive affective state. 

A second conceptual issue involves the two sources (types) of affect, and their 

implication on goal pursuit and means valuation. Although the literatures on affect (e.g., 

Shiv, Fedorikhin, and Nowlis 2005; Johnson and Stewart 2004) and goal pursuit 

(Baumgartner and Pieters 2008; Dijksterhuis, Chartrand, and Aarts 2007) are not well-

integrated, emerging neuroscience findings suggest that goal states are mediated by 

many of the same neuropeptides that mediate state and hedonic affect. Positive state 

affect appears to be mediated by dopaminergic and vassopressinergic activation, 

whereas positive hedonic affective responses appear to be mediated by opioidergic and 

http://psycnet.apa.org/index.cfm?fa=search.searchResults&latSearchType=a&term=Fedorikhin,%20Alexander�
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oxytocinergic activation. The former initiates search processes, a general sense of 

excitement, and exploration (stimulus hypervaluation during goal pursuit), whereas the 

latter activates satisfaction, neural habituation, and satiation (stimulus devaluation 

following goal fulfillment). Given that the two types of positive affect have different 

underlying processes, the novelty, unpredictability, and variety of products, versus the 

sensory-hedonic qualities of products, should be differentially important in influencing 

goal pursuit. For example, it may be more important for product novelty (e.g., new 

product, new packaging), unpredictability (e.g., sales promos, product-related trivia), 

and product-line variety (e.g., number of product variations) to activate search 

processes stimulated by positive state affect. In contrast, the objective sensory quality 

of the perceptual stimulation (e.g., tactile quality, thermo-tactile quality) may be more 

important for influencing the hedonic experience, slowing down habituation, and limiting 

exposure-induced satiation.   

Consumers under positive state affect may be more likely to search, and be 

attracted to, products and product lines with high novelty, unpredictability, and variety, 

whereas consumers under negative state affect may be more likely use their 

remembered hedonic experience as a result of the sensory-hedonic qualities (how good 

it felt, e.g., Cowley 2007; MacInnis, Patrick, and Park 2006; Pham and Avnet 2009) as 

the main driver for repeat purchasing. Given that consumers under positive state affect 

are relatively insensitive to veridical product information (Experiment 3), marketers 

should spend more effort on releasing new products, increasing unpredictability, or 

enhancing the variety of the product line. In contrast, given that consumers in a negative 

affective state are more sensitive to objective sensory product qualities (Experiment 3), 
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marketers should spend more effort on improving product quality and the sensory usage 

experience (e.g., suggest closing eyes during product application) that will directly act 

on the consumer’s hedonic system. The correct strategy would depend on whether the 

product is marketed toward consumers under positive affect (celebratory products) or 

consumers under negative affect (comfort products, e.g., comfort foods).  

A third conceptual issue is the relationship between higher-order and lower-order 

processes. The consumer behavior literature shows that consumers under negative 

affect perform more systematic cognition (Batra and Stayman 1986; Forgas 1995). The 

five experiments in the present article suggest that the influence of a negative affective 

state is not limited to higher-order thought processes such as the evaluation of the 

strength of message arguments, but can also come in the form of increased reliance on 

lower-order sensory-perceptual processes (bottom-up processing, i.e., relying on 

objective sensory information as opposed to top-down, brand-induced inferences). The 

relationship between these two forms of affectively moderated processes is a potential 

area of investigation.  

An important social issue for consumers is how the experience of hedonic affect 

influences compulsive consumption. The beta opioids generated from hedonic affect 

appear to contribute to biologically-mediated compulsive behavior, a form of aberrant 

goal pursuit. For example, consider sexually compulsive behavior. It is estimated that 

between 17 million and 37 million Americans exhibit uncontrollable sexual behaviors 

that result in negative consequences for the person and relevant others (Hagedorn and 

Juhnke 2005). Although public displays of socially aberrant sexual behaviors receive 

significant media attention, roughly 70% of sexually compulsive people perform these 
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behaviors in private (Kafka 2001). One contribution to the compulsion may be that the 

tactile-induced hedonic pleasure is not subsequently accompanied by readily available, 

non-sexual opportunities to search, play, or interact. In non-enriched environments, 

repeated hedonic pleasure can lead to hypersensitization to object-specific incentives 

related to the pleasure-generating stimulation and subsequent devaluation of other 

stimuli (Tindell et al. 2005). Repeated hedonic pleasure and hypersensitization can 

increase the “seeking” of one specific stimulation (as opposed to nonspecific seeking of 

general rewards in a healthy, positive affective state) and the seeking of cues predictive 

of that specific source of hedonic affect (hedonic pleasure). This can cause the 

consumer to spiral into a cycle of hedonic self-stimulation. Thus, the lack of access to 

alternative means of enrichment appears to be a key moderator that tilts hedonic 

consumption toward compulsion, although there are undoubtedly other variables that 

contribute to the phenomenon.  

 Finally, this article is an effort to bring attention to the under-researched area of 

consumer experience and perception. Despite the undeniable importance of studying 

the actual consumer experience and real-time hedonics in consumption, the literature in 

consumer behavior has hitherto focused disproportionately on higher-order cognitive 

processes that explore how the consumer predicts the consumption experience from 

advertising messages, branding, and other linguistic and symbolic stimuli, rather than 

how the consumer experiences the lower-order sensory consumption of the product or 

service itself. The cognitive revolution sparked by Miller (1956) and the linguistic 

revolution sparked by Chomsky (1955) has served the field of consumer behavior well 

for five decades, but the last decade has seen the affective and consciousness 
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revolution provide equally important insights. Certainly, consumer prediction based on 

linguistic symbols is important in the consumer literature, but exploring the processes 

that generate hedonic experience in real-time is equally important in understanding the 

actual process of consumption and repeat consumption (Pham et al. 2001). Given that 

Nisbett and Wilson (1977) admonishes that consumers are generally unable to 

accurately predict their affective preferences through symbolic cognition (e.g., lay 

theories), studying affective hedonics, and non thinking-mediated preferences 

generated from consumption experiences in real-time, would be an important 

complement to the symbol-based prediction we have inherited from the cognitive and 

linguistic revolution.  
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CHAPTER 6 
AFFECT-TUNING 

The two-system, two affect framework was described in the first four chapters. The 

first four chapters contain a number of propositions that flow from the framework as 

theorized. In the current chapter (Chapter 6), I will present five empirical studies that 

test a portion of the propositions in the framework. The term “Affect-Tuning” refers to the 

process by which the state affective system changes, in cross-over fashion, between 

the positive hedonic affective system (i.e., loosely the opioidergic system) and the 

negative hedonic affective system (i.e., loosely the acetylcholine system).  

Affective Influences on Interpreting Sensory Qualities As Rewarding Or 
Punishing 

People in the United States consume approximately 3770 calories per person per 

day, far in excess of the 2000 to 2500 calories per day recommended by the U.S. Food 

and Drug Administration (FAO Statistical Yearbook 2005/2006; FDA 2007). Although 

there are many reasons for excess calorie consumption, one prominent cause of excess 

eating is the appealing taste of food (Mitchell et al. 1998; Sorensen et al. 2003). In fact, 

consumers identify taste as the most important factor in food choice (Glanz et al. 1998). 

The importance of taste is not lost on the world’s $3.2 trillion ($1 trillion in U.S.) 

processed food industry. In 2008, the U.S. processed food industry spent approximately 

$15 billion on research to refine the taste of food and $8.1 billion on artificial flavorings. 

For this and other reasons, it may not be surprising that “tasty” products comprise a 

large portion of U.S. food consumption. For example, it has been estimated that one-

third of the calories consumed in the United States come from “junk food,” food that is 

low in nutritional value but high in taste palatability (Block 2004).   
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The importance of taste in the consumption of food naturally leads to the 

fundamental question of what makes food taste good. The generally accepted wisdom 

is that certain foods taste good because of taste engineering (direct effects, i.e., bottom-

up processes) and consumption contexts or marketing actions (indirect effects, i.e., top-

down processes). Whereas the research and development departments of processed 

food manufacturers have focused on perfecting the sensory quality of foods, the 

marketing departments of these manufacturers have focused on ways of making 

consumption experiences more enjoyable. Marketers have found that a taste 

experience can be enhanced by manipulating expectations (e.g., Allen, Gupta, and 

Monnier 2008), serving containers (e.g., Krishna and Morrin 2008), and consumption 

settings (e.g., Germov and Williams 1999). In general, these indirect effects on taste 

perception show how information that is independent of the food product itself can bias 

the experience.  

We contend that there are additional factors that can bias taste perception. One 

such class of factors, individual state factors (e.g., affective states, visceral states, 

motivational states), are part of the autonomic nervous system responsible for 

monitoring the internal state of the body. These state factors represent innate systems 

that have helped humans survive and evolve. A consequence of this evolutionary 

significance may be that specific states can influence the perceptual experience derived 

from specific sensory systems (Panksepp 1998; Rolls 2005). This influence could range 

from a simple change in the sensitivity to information from a sensory system 

(nonspecific sensory amplification) to an increased vigilance for sensations indicating 

threats or rewards (specific sensory amplification).  
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We use three studies to explore how affective states influence nonspecific and 

specific sensory amplification of taste experiences. Experiment 1 shows that consumers 

in negative and positive affective states are more sensitive to the flavors in food (i.e., 

can taste more flavors). This nonspecific amplification of a taste experience increases 

the appreciation for the food and the amount the person is willing to pay for the food. 

Experiment 2 shows that affective states make consumers more sensitive to specific 

tastes. Consumers in a negative affective state are more sensitive to spiciness and 

sourness (tastes that predict potential danger), whereas consumers in a positive 

affective state are more sensitive to savoriness and sweetness (tastes that predict 

potential reward). Again, this sensitivity influences the evaluation of the taste experience 

and the consumer’s valuation of the product. Experiment 3 shows that affective states 

create the potential for nonspecific and specific amplification, but that specific 

amplification takes precedence. 

Taste Perception 

In his classic work on the taste system, Titchener (1896) explained that most 

taste sensations can be classified into four basic categories: saltiness, sweetness, 

sourness, and bitterness. When chemicals from food such as salt, sucrose, acids, or 

quinine come into contact with receptor sites on the tongue, electrical signals generated 

by the taste cell are transmitted through the chorda tympani, hypoglossal, and 

glossopharyngeal nerves toward the primary taste cortex, the insula (Goldstein 2007; 

Pritchard, Macaluso, and Eslinger 1999). An expanded view of taste processing later 

included umami (savoriness), a brothy taste found in glutamate and protein-rich foods 

(McCabe and Rolls 2007), and spiciness, a sensation that is carried by the trigeminal 

nerves to the brain stem, before reaching the insula (Kadohisa, Rolls, and Verhagen 
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2005; Lim and Green 2007). Lim and Green (2007) presented evidence that, despite 

being mediated by different nerve fibers, bitter and spicy are qualitatively similar. Thus, 

the five basic taste sensations that are considered fundamental in taste experience are 

salty, sweet, sour, bitter/spicy, and umami (savory).1  

There is a long held assumption that taste perceptions are substance invariant and 

context dependent. In other words, a substance that is presented in the same context 

across two occasions should result in an identical taste experience, whereas a 

substance presented in two different contexts (e.g., substance X after tasting a sweet 

versus a sour food) should result in a varied taste experience. The substance invariance 

assumption has, in large part, been based on knowledge about neural pathways 

between taste receptors and the insula. These neural pathways are direct, fast, and 

myelinated, as might be expected for a sensory system that is necessary for survival 

(Goldstein 2007). Myelin is a conductive sheathing that insulates the axon of a neuron. 

The myelination of neurons in excitatory and inhibitory taste pathways increases 

temporal resolution, so that the taste sensation is quickly activated and de-activated 

with stimulus onset and offset, a benefit for identifying potentially rewarding and 

threatening food.  

Recent advances in the neurological mapping of sensory experience challenge 

the invariance assumption for taste perception. A key insight was the discovery of the 

role of the orbitofrontal cortex, a strip of brain tissue above the eye sockets, in 

                                            
1 Technically, “spiciness” is not a “taste” but a “gustatory” or “somatosensory” response in the oral cavity. 
Most experts in the field now consider spiciness to be a basic “taste” response, because it is clearly 
integrated into the perception of the food’s overall flavor and consumption experience (Rolls 2005), and 
has a strong influence on food liking or disliking, despite its technical status as a gustatory response. For 
the sake of brevity, we will use “taste” to stand for “oral gustatory and somatosensory perception” in the 
rest of the article.    
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regulating consumption by changing the taste experience (see Rolls 2008 for review). 

Pritchard, Schwartz, and Scott (2007) demonstrated that the orbitofrontal cortex, unlike 

the insula, has neurons that fluctuate in their response to taste sensations. The 

orbitofrontal cortex has sensation-specific neurons that represent pleasant sensory 

experiences, including gratifying taste experiences. When a person’s bodily level of a 

specific nutrient (e.g., energy, fatty acids) becomes sufficient, these sensation-specific 

neurons become less responsive and, in effect, alter the pleasure of the perceived taste 

sensation associated with consuming particular foods (i.e., mute the hedonic taste 

experience). This regulatory process is the autonomic system’s guard against over-

consumption. More importantly, this finding presents evidence that an autonomic state 

factor (e.g., organismic sufficiency) can influence sensory experience (e.g., the pleasure 

and taste of food).  

If the orbitofrontal cortex has satiation-based processes that can influence taste 

perception, then every autonomic state represented in the orbitofrontal cortex has the 

potential to influence sensory experience. Emerging research in neurobiology 

(Panksepp 1998) has demonstrated that the subcortical affective system, responsible 

for generating emotions such as fear (LaBar and LeDoux 2006), anxiety (Nelson and 

Panksepp 1998), and positive engagement (Panksepp 1998), projects activations 

toward the prefrontal cortex, including the orbitofrontal cortex. Because projections from 

the affective system are diffuse (Ciompi and Panksepp 2005), and involve 

neuromodulators that modulate all types of neurons (Panksepp 2008), they should 

influence the neural responses of the taste representations in the orbitofrontal cortex as 
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well. Hence, we suggest that the consumer’s affective state should have an influence on 

taste perception, and should influence it in state-dependent ways.   

Affective System 

The subcortical affective system is a network of brain tissue (brainstem/basal 

forebrain, amygdala, and anterior cingulate) that generates affective programs 

responding to environmental situations in ways that help an animal survive. The most 

fundamental forms of affect are positive and negative affective states.2 A positive 

affective state is an upward-regulating state-energetic program that is activated when 

an animal is free of physical pain, has adequate metabolic or regulatory energy, and 

has abundant social support (Panksepp 1998). In humans, positive affective states 

generate a subjective feeling of well-being and excitement, which in turn activates 

forward locomotion in the organism (e.g., exploration) (Barbano and Cador 2007; 

Panksepp 1998; Sacks et al. 1972). A negative affective state is a downward-regulating 

state-energetic program that is activated when an animal is physically injured, has 

depleted its metabolic or regulatory energy stores, or has lost social support (Nettle, 

forthcoming). In humans, a negative affective state generates a subjective feeling of 

distress, which in turn activates fleeing locomotion in the organism (e.g., escape) or 

freezing (Panksepp 2008).  

Evolutionary theories of affective system emergence (e.g., Panksepp, Nelson, and 

Bekkedal 1997; Rolls 2005) propose that affective circuits developed because they are 

beneficial to individual-level and species-level survival. A common theme across these 
                                            
2 Although the prefrontal cortex (responsible for higher-order cognition) can modify affective programs into 
more nuanced emotions such as “guilt” and other types of discrete emotions (Panksepp 1998), the 
emerging consensus is that positive and negative engagement are neurally fundamental or what Lang 
and Bradley (2008) call neural substrates (Panksepp uses the term “blue-ribbon” affective programs to 
refer to affective programs that does not require mediation from higher-order cortices). 
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theories is that affective states serve the two often-conflicting functions of ensuring 

survival of the individual animal and expanding the reach of the species (Fredrickson 

2001; Rolls 2005; Schiller et al. 2008). Of particular interest to our investigation is the 

role of affective states in directing attention and controlling information acquisition and 

synthesis (i.e., perception). For example, negative affective states are instrumental in 

the development of tactile perception. Negative affective states emerged from more 

primitive limbic circuits that respond to physical pain, such as body tissue injury 

(Eisenberger, Lieberman, and Williams 2003; MacDonald and Kingsbury 2006; 

Panksepp 2003). An understanding of the relationship between tactile sensation, pain, 

and threat is fundamental to the survival of an animal. In contrast, positive affective 

states are instrumental in the development of visual perception (Imanaka et al. 2008; 

Mora-Ferrer and Gangluff 2000; Rolls 2005). Positive affect indicates that the organism 

is self-sufficient and should search its environment for rewards and reward cues. The 

relationship between positive affective states and vision exists because evolving 

animals needed to expand their territory in order to have sufficient natural resources 

(e.g., food, water) for population expansion.    

An evolutionary perspective suggests that affect is also involved in the perception 

of incentive salience, such as taste perception and other reward cues (Pecina, Schulkin, 

and Berridge 2006). Panksepp (1998) showed that organisms experiencing positive 

affect are also more sensitive to positive reward cues. Pecina et al. (2006) showed that 

organisms experiencing negative affect are, paradoxically, also more sensitive to 

positive reward cues. Systems under duress (negative affective state) or anticipating 

exploration (positive affective state) require more nutrition than a system in hibernation 
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or homeostasis (neutral affective state). Thus, the subcortical affective system, in 

concert with orbitofrontal cortex, should have a mechanism for inducing more food 

consumption in an affective state than would be necessary in a neutral state. In effect, 

the orbitofrontal cortex has to be able to do the opposite of the taste muting that 

accompanies satiation and neural habituation (cf. Rolls, Sienkiewicz, and Yaxley 1989). 

One way for an autonomic system to encourage consumption would be to enhance the 

taste perception of food when the animal is in an affective state. If the autonomic 

system could make edible foods taste better, the animal should consume more and be 

more successful at recovering from duress or succeeding at exploration. This leads to 

the hypothesis that an affective state amplifies a taste experience: 

H1. Consumers experiencing a negative or positive affective state should have a 

heightened state of taste perception. This heightened state of taste perception 

should 

a. allow the consumer to taste more flavors; 
b. enhance the palatability of the food; 
c. increase the desirability (value) of the food.   

 
Affective states must do more than simply encourage the consumption of any 

food. Affective states must encourage the consumption of appropriate foods and 

discourage the consumption of inappropriate foods. These priorities depend on the state 

of the system. When an animal is in a negative affective state, it should prioritize the 

avoidance of foods that can cause (further) injury or death, outcomes that are more 

easily reached when an animal is already under duress (Nettle, forthcoming). In this 

state, the animal needs to avoid food that might cause further harm or death. Negative 

affective states should increase sensitivity to the threat indicators of bitter, spicy and 
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sour because these flavors probabilistically predict poisonous vegetation (bitter or spicy) 

and foods with fungal and/or bacterial growth (sour). When an animal is in a positive 

affective state, its body is preparing for exploration and territorial expansion 

(Fredrickson 2004). In this state, the animal needs to consume foods that are high in 

calories and protein to store energy reserves needed for broadening and building its 

resources (Fredrickson 2001). Thus, positive affective states should increase sensitivity 

to the rewarding flavors of sweet and savory because these flavors predict calories and 

protein. In summary, negative and positive states should selectively amplify flavors that 

support state-dependent survival goals. 

H2. Consumers experiencing a negative affective state should  

a. be more sensitive to bitter/spicy and sour flavors; 

b. dislike foods that contain bitter/spicy and sour flavors; 

c. avoid (devalue) foods that contain bitter/spicy and sour flavors.   

H3. Consumers experiencing a positive affective state should  

a. be more sensitive to sweet and savory flavors; 

b. appreciate foods that contain sweet and savory flavors; 

c. desire (hypervalue) foods that contain sweet and savory flavors.   

Experiment 1 

Experiment 1 tested the idea that affective states amplify the taste intensities of 

food and allow consumers to taste a greater variety of flavors (hypotheses H1). 

Consumers were asked to experience a product (potato chips) while in a negative, 

neutral, or positive affective state. Afterwards, participants were asked to report and 

value their product experience. It was expected that participants in positive and negative 
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(but not neutral) affective states would perceive more flavors in the potato chips, 

appreciate the product to a greater extent, and, consequently, value the product more.  

Design and Procedure 

Design 

One hundred eighteen undergraduate students participated in the study for extra 

credit. The study used a between-subject manipulation of the affective state (negative, 

neutral, positive). Participants were put into an affective state, tried a product (potato 

chips), recorded their perceptions of the product, assessed the palatability of the 

product, and indicated the amount they were willing to pay for the product.    

Procedure 

Participants were invited into a behavioral lab and told that the study 

investigated, “how consumers experience products under different emotional states.” It 

was explained that people in certain professions (health care, military) often 

experienced temporary and/or prolonged affective states and that these moods could 

influence their appreciation for products. Participants were told, “your task is to help us 

design products by sincerely trying your best to feel the emotion that is suggested by 

the statements you are about to read.”    

Participants were then put into a negative, neutral, or positive affective state 

using the Velten (1968) affect induction procedure. The Velten procedure involves 

reading a series of statements that get progressively more negative (negative affect 

condition), progressively more positive (positive affect condition), or remain consistently 

neutral (control condition).  Participants were told to read the statements into a 

microphone, and to take their time imagining how each statement applied to their lives. 

For example, the negative affect manipulation starts with mildly negative statements 
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such as “I feel a little bit low today” and ends with strongly negative statements such as 

“All of the unhappiness of my past life is taking possession of me.” The positive affect 

manipulation starts with mildly positive statements such as “I feel light-hearted” and 

ends with strongly positive statements such as “God, I feel great!” The control condition 

starts with affectively neutral statements such as “Oklahoma City is the largest city in 

the world in area, with 631.166 square miles” and ends with affectively neutral 

statements such as “At low tide the hulk of the old ship could be seen.”  

After the affect induction, subjects were asked to taste a potato chip. The potato 

chips were Pringles™ regular potato chips made by the Procter & Gamble Company 

(Cincinnati, OH). A potato chip was placed in an 8-ounce dish, covered with a table 

napkin, and positioned on the upper left corner of the cubicle before the participants 

arrived in the laboratory. Each bowl contained one potato chip.  

After trying the potato chips, participants were asked to “try to identify as many  

flavors/ingredients as you can in the chips” and were provided with a sheet of paper 

containing 20 lines. Participants recorded their impressions of the potato chip on the 

lines provided on the form. Next, participants were asked to rate the taste of the chips 

(e.g., 0 = “not flavorful”, 10 = “flavorful”). Finally, participants indicated their willingness 

to pay for the chips using the question, “Assuming that you need it for a big party, what 

is a reasonable price you would be willing to pay for a large, party-size package (10.5 

ounces) of the product?”  

Coding 

The responses to the open-ended flavor were coded by counting every flavor that 

was listed.  
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Results 

Manipulation check 

The Velten (1968) procedure has been extensively validated. For example, Brown 

et al. (1993) showed that the positive and negative affect induction procedures induced 

physiological changes (hormone levels and other endocrine concomitants, heart rate) 

consistent with positive and negative states. Similarly, Gadea et al. (2005) showed that 

the negative affect induction procedure increased cortisol and CRF levels that mediate 

negative affect.  

Primary Analysis 

The mean responses are presented in table 1. The key predictions involved the 

perceived number of flavors, palatability ratings, and willingness to pay dependent 

measures. The influence of affective state on the number of perceived number of flavors 

was significant (F(2, 115) = 3.15, p < .05). Participants experiencing negative affect (M 

= 1.42; F(1, 115) = 5.20, p < .05) and positive affect (M = 1.38; F(1, 115) = 4.17, p < 

.05) listed more flavors than participants experiencing neutral affect (M = 1.02). The 

influence of affective state on the perceived palatability rating was significant (F(2, 115) 

= 5.98, p < .05). Participants experiencing negative affect (M = 6.68; F(1, 115) = 6.82, p 

< .05) and positive affect (M = 7.03; F(1, 115) = 10.64, p < .05) perceived the chips to 

be more flavorful than participants experiencing neutral affect (M = 5.23). The influence 

of affective state on the amount the participant was willing to pay for the chips was 

significant (F(2, 115) = 4.67, p < .05). Participants experiencing negative affect (M = 

$3.57; F(1, 115) = 5.12, p < .05) and positive affect (M = $3.78; F(1, 115) = 8.43, p < 

.05) were willing to pay more for the product than participants experiencing neutral 

affect (M = $2.77). 
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Table 6-1. The influence of affective state on the consumer’s ability to perceive flavors, 
palatability of the food, and the consumer’s willingness-to-pay.  

  Dependent Measure 
Affective State # Flavors Palatability WTP ($) 
Negative 1.42a 6.68a $3.57a 
Neutral 1.02b 5.23b $2.77b 
Positive 1.38a 7.03a $3.78a 
  NOTE ― Column means with different superscripts are significantly 
different at p < .05.  

 
Mediation analysis for negative affect consumers 

The Baron and Kenny (1986) three-step procedure was used to assess whether 

the palatability ratings mediated the influence of negative affect on the willingness to 

pay for the product. The analysis used participants in the negative and neutral affective 

states. First, the affective state was a significant predictor of the participants’ willingness 

to pay for the product (ß = -.80, SE =.34, t(76) = -2.34, p < .05). Second, affective state 

was a significant predictor of the palatability of the product (ß = -1.46, SE =.60, t(76) = -

2.44, p < .05). Third, when the willingness to pay measure was regressed on the 

affective state and the palatability of the product, the affective state coefficient became 

non-significant, (β = -.281, SE =.281, t(75) = -1.0, p = .32) and the palatability coefficient 

remained significant (β = .36, SE =.05, t(75) = 6.88, p < .01; Sobel z = -2.32, p = .02).  

 Mediation analysis for positive affect consumers 

The Baron and Kenny (1986) three-step procedure was used to assess whether 

the palatability of the product mediated the influence of positive affect on the amount 

participants were willing to pay for the product. The analysis used participants in the 

positive and neutral affective states. First, the affective state was a significant predictor 

of the participants’ willingness to pay for the product (ß = 1.02, SE =.34, t(78) = 3.02, p 

< .05). Second, affective state was a significant predictor of the palatability of the 
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product (ß = 1.80, SE = .49, t(78) = 3.65, p < .05). Third, when the willingness to pay 

measure was regressed on the affective state and the palatability of the product, the 

affective state coefficient became non-significant, (β =.32, SE = .30, t(77) = 1.06, p = 

.29) and the perceived number of flavors coefficient remained significant (β = .39, SE = 

.06, t(77) = 6.07, p < .05; Sobel z = 3.25, p = .001).  

Discussion 

  Experiment 1 demonstrated that consumers in positive and negative affective 

states generated more complex perceptual experiences than consumers in a neutral 

affective state. These perceptions led to a greater appreciation for the flavor of the 

product. In turn, these experiences influenced the amount consumers were willing to 

pay for the product. This response pattern provides preliminary evidence in support of 

hypothesis 1. 

Hypotheses 2 and 3 propose that affective states not only increase the signal-to-

noise ratio in sensory cortices, but that affective states amplify qualitatively different 

kinds of sensation (selective amplification hypothesis). That is, people in an affective 

state may be more sensitive to specific taste sensations. As argued earlier, natural 

selection (Darwin 1859) assumes that positive and negative affect states are adaptive 

(i.e., affective states emerged because they support survival) (Lang and Bradley 2008). 

Animals experiencing positive affect, an indicator of a state of sufficiency, are induced to 

build physical resources for the future (Fredrickson 2004) and, thus, will emphasize the 

storage of calories. In contrast, animals experiencing negative affect, an indicator of 

state ill-being (e.g., weakened immune system), should emphasize perceptual vigilance 

against vegetative poisons, spoiled food, and caustic substances.  
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Experiment 2 

 Experiment 2 assessed whether affective states amplify specific taste 

perceptions. Consumers were asked to taste a simple product or a complex product. 

The simple product was the same brand of potato chip from experiment 1. The complex 

product was the same chip with additional spicy, sour, sweet, savory, and salty flavors. 

Ground red chili peppers/capsaicin powder and ground black pepper were added to 

increase spiciness, sour cream powder was added to increase sourness, buffalo wild 

wings powder, and monosodium glutamate were added to increase sweetness and 

savoriness. If affective states result in specific sensory amplification, taste perceptions 

should be guided by state-dependent flavor responses. That is, participants in a 

negative (positive) affective state should taste more of the punishing (rewarding) favors 

and respond with lower (higher) palatability ratings and lower (higher) product 

valuations.  

Design and Procedure 

Design 

Two hundred and forty-one undergraduate students participated in the study for 

course credit. The study used a 3 x 2 between-subjects design, in which there was a 

between-subject manipulation of the affective state (negative, neutral, positive) and a 

between-subject manipulation of stimulus complexity (simple, complex) of the product.   

Stimuli 

The simple potato chips were Pringles™ regular potato chips. The complex 

potato chip was created by sprinkling approximately 250 milligrams of capsaicin 

powder, pepper, sour cream powder, buffalo wild wings powder, and monosodium 

glutamate on each chip. Rolls (2005) identified spiciness and sourness as potentially 
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punishing flavors. In support of this claim, Verhagen, Kadohisa, and Rolls (2004) 

showed that capsaicin, the active ingredient in chili peppers that originally evolved to 

prevent birds from eating the fruit, causes a burning sensation (see also Rolls, 

Verhagen, and Kadohisa 2003). Sour tastes warn against spoiled foods and unripe 

fruits (Lindemann 2001; Meyerhof 2008). Panksepp (1998) and McCabe and Rolls 

(2007) have identified savory and sweet as rewarding tastes. Savory sensations predict 

foods high in glutamate and protein, necessary for tissue growth and repair, whereas 

sweet sensations predict foods high in energy, necessary for metabolism.  

Procedure 

The procedure was identical to that used in experiment 1 except for the dependent 

measures. Instead of listing flavors, participants judged how spicy, sour, sweet, savory, 

and salty the product was on an 11-point scale (e.g., 0 = “not spicy at all” and 10 = “very 

spicy”). The participants then estimated how much they would be willing to pay for a 

large, party-size package of the product.  

Results 

 The mean responses are presented in table 2. The key predictions involved the 

perceived spiciness, sourness, sweetness, savoriness, and the willingness to pay 

measures. The first analysis focused on the punishing flavors. The affective state by 

stimulus complexity interaction was significant for spiciness (F(2, 235) = 5.52, p < .01). 

Ratings of spiciness did not significantly vary for the simple stimulus (F(2, 235) = .89, p 

> .10), but did significantly vary for the complex stimulus (F(2, 235) = 18.17, p < .01). 

For complex stimuli, spiciness ratings were higher in the negative affect condition (M = 

7.27) than in the neutral (M = 5.49; F(1, 237) = 18.06, p < .01) or positive (M = 4.84; 

F(1, 237) = 34.68, p < .01) affect conditions. The affective state by stimulus complexity 
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interaction was significant for sourness (F(2, 235) = 5.56, p < .01). Ratings of sourness 

did not significantly vary for the simple stimulus (F(2, 235) = 1.75, p > .10), but did 

significantly vary for the complex stimulus (F(2, 235) = 10.90, p < .01). For complex 

stimuli, sourness ratings were higher in the negative affect condition (M = 5.57) than in 

the neutral (M = 3.61; F(1, 237) = 15.02, p < .01) or positive (M = 3.46; F(1, 237) = 

18.07, p < .01) affect conditions.  

The second analysis focused on the rewarding flavors. The affective state by 

stimulus complexity interaction was significant for savoriness (F(2, 235) = 4.10, p < .05). 

Ratings of savoriness did not significantly vary for the simple stimulus (F(2, 235) = 2.82, 

p > .05), but did significantly vary for the complex stimulus (F(2, 235) = 16.49, p < .01). 

For complex stimuli, savoriness ratings were higher in the positive affect condition (M = 

7.68) than in the neutral (M = 5.29; F(1, 237) = 15.37, p < .01) or negative (M = 4.24; 

F(1, 237) = 30.16, p < .01) affect conditions. The affective state by stimulus complexity 

interaction was not significant for sweetness (F(2, 235) = .63, p > .10). Ratings of 

sweetness did vary significantly by level of affect (F(2, 235) = 12.58, p > .10). 

Sweetness ratings were higher in the positive affect condition (M = 4.16) than in the 

neutral (M = 2.97; F(1, 237) = 11.40, p < .01) or positive (M = 2.31; F(1, 237) = 23.82, p 

< .01) affect conditions.  

The third analysis focused on the amount participants were willing to pay for the 

product. The affective state by stimulus complexity interaction was significant for the 

willingness to pay measure (F(2, 235) = 15.39, p < .05). Replicating experiment 1, 

willingness to pay significantly varied for the simple stimuli (F(2, 235) = 5.38, p < .05). 

Willingness to pay was higher in the negative (M = $3.46; F(1, 237) = 6.00, p < .05) and 
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positive (M = $3.49; F(1, 237) = 6.93, p < .01) affect conditions than in the neutral affect 

condition (M = $2.71). Willingness to pay also significantly varied for the complex stimuli 

(F(2, 235) = 27.85, p < .05). Willingness to pay was lower in the negative (M = $1.90; 

F(1, 237) = 13.11, p < .05) and higher in the positive (M = $3.93; F(1, 237) = 14.00, p < 

.01) affect conditions than in the neutral affect condition (M = $2.92). A final analysis 

confirmed that perceptions of product saltiness did not exhibit an affective state by 

stimulus complexity interaction (F(2, 235) = .78, p > .10).  

Table 6-2. The influence of affective state on the ability to perceive specific tastes and 
the willingness-to-pay.  

  Dependent Measure 
Chip Type Spicy Sour Savory Sweet Salty WTP ($) 
Simple Chip       
  Negative 
State 1.17 1.31 5.58 2.14 7.11 $3.46 
  Neutral State 0.68 1.69 5.05 3.17 6.67 $2.71 
  Positive State 0.68 0.78 6.49 4.12 6.59 $3.49 
Complex Chip       
  Negative 
State 7.27 5.57 4.24 2.49 7.05 $1.90 
  Neutral State 5.49 3.61 5.29 2.68 5.76 $2.92 
  Positive State 4.84 3.46 7.68 4.21 6.14 $3.93 

 
Mediation analysis for negative affect consumers and complex chips 

The Baron and Kenny (1986) three-step procedure was used to assess whether 

the ratings of spiciness and sourness mediated the influence of negative affect on 

consumers’ willingness to pay for the complex chips. The analysis used participants 

who tasted high complexity chips in the negative and neutral affective states. First, the 

affective state was a significant predictor of the willingness to pay for the chips (ß =1.02, 

SE = .26, t(76) = 3.98, p < .01). Second, the affective state was a significant predictor of 

the spiciness (ß = -1.78, SE = .45, t(76) = -3.93, p < .01) and sourness (ß = -1.96, SE = 
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.62, t(76) = -3.15, p < .01) of the chip. Third, when the willingness to pay measure was 

regressed on the affective state and the spicy taste ratings, the affective state 

coefficient became less significant, (β = .79, SE = .28, t(75) = 2.86, p > .05) and the 

spicy taste rating coefficient remained significant (β = -.13, SE = .06, t(75) = -2.07, p < 

.05; Sobel z = 2.56, p = .01). Similarly, when the willingness to pay measure was 

regressed on the affective state and the sour taste ratings, the affective state coefficient 

became less significant, (β = .82, SE = .278, t(75) = 3.15, p > .05) and the spicy taste 

rating coefficient remained significant (β = -.09, SE = .05, t(75) = -1.97, p = .05; Sobel z 

= 2.19, p = .03). These results indicate that perceptions of spiciness and sourness each 

partially mediated the lower willingness to pay in the negative affect condition. 

Mediation analysis for positive affect consumers and complex chips 

The Baron and Kenny (1986) three-step procedure was used to assess whether 

the ratings of savoriness and sweetness mediated the influence of positive affect on 

consumers’ willingness to pay for the chips. The analysis used participants in the 

positive and neutral affective states. First, the affective state was a significant predictor 

of the taste rating of the chips (ß = 1.01, SE = .26, t(83) = 3.86, p < .001). Second, the 

affective state was a significant predictor of the savoriness (ß = -2.39, SE = .58, t(83) = 

4.09, p < .01) and sourness (ß = 1.52, SE = .48, t(83) = 3.20, p < .01) of the chip. Third, 

when the willingness to pay measure was regressed on the affective state and the 

savory taste ratings, the affective state coefficient became less significant, (β = .72, SE 

= .28, t(82) = 2.59, p < .05) and the savory taste rating coefficient remained significant 

(β = .12, SE = .05, t(82) = 2.57, p < .05; Sobel z = 2.80, p = .01). Similarly, when the 

willingness to pay measure was regressed on the affective state and the sweet taste 

ratings, the affective state coefficient became less significant, (β = .71, SE = .26, t(82) = 
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2.74, p < .05) and the spicy taste rating coefficient remained significant (β = .20, SE = 

.06, t(82) = 3.49, p < .01; Sobel z = 2.60, p = .01). These results indicate that 

perceptions of savoriness and sweetness each partially mediated the higher willingness 

to pay in the positive affect condition. 

Ancillary mediation analyses 

Additional mediation analyses were performed to confirm that (1) savoriness and 

sweetness did not mediate the influence of affect on willingness to pay for the complex 

chip in the negative versus neutral affect condition, (2) spiciness and sourness did not 

mediate the influence of affect on willingness to pay for the complex chip in the positive 

versus neutral affect condition, and that (3) spiciness, sourness, savoriness, and 

sweetness did not mediate the influence of affect on willingness to pay for the simple 

chip in the negative or positive versus neutral affect condition. In all of these mediation 

analyses, affect failed to influence the mediator, the mediator failed to influence the 

willingness to pay, or the Sobel test failed to reach significance.    

Discussion  

Experiment 2 showed that affective states have qualitatively different influences 

on taste perception: negative affective states amplify perceptions of the punishment 

cues of sourness and spiciness (even in a safe food), whereas positive affective states 

amplify perceptions of the reward cues of savoriness and sweetness. These results are 

consistent with the selective amplification hypothesis (hypotheses 2 and 3). Consumers 

in a negative affective state (as a result of illness or ill-being) should be more sensitive 

to punishing taste experiences because their undermined organismic status cannot 

afford to take risks (Nettle, forthcoming). In contrast, consumers in a positive affective 

state should be more sensitive to rewarding taste experiences because their self-
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sufficient organismic status induces maximizing energy storage in preparation for 

exploration (Fredrickson 2001).   

  Experiment 3 

 Experiments 1 and 2 provide an interesting set of results. Experiment 1 showed 

that negative and positive affective states amplify sensitivity to taste in general, whereas 

experiment 2 showed that this amplification can be specific to certain types of taste 

experiences. In other words, affective states encourage both nonspecific and specific 

amplification of taste perceptions. In experiment 3, we assessed whether nonspecific 

and specific amplification of taste could occur in tandem.  

The experimental design included a simple potato chip and a complex potato 

chip that was spicy and sour. When the chip was simple, we expected nonspecific 

amplification, as was illustrated in the palatability rating and willingness to pay judgment 

of experiment 1.  

When the chip was spicy and sour, we expected specific amplification in the 

negative state condition, but nonspecific amplification in the positive state condition. The 

negative state should amplify the spicy and sour flavors, which should result in less 

palatability and a lower willingness to pay for the product.  

In contrast, the positive state should amplify flavor in general, which should result 

in greater palatability and a higher willingness to pay for the product. Thus, when there 

is an opportunity for nonspecific and specific amplification, specific amplification takes 

precedence. We note that a savory/sweet chip condition was not included in the 

experimental design because the negative state should show a beneficial effect of 

nonspecific amplification and the positive state should show a beneficial effect of 

specific amplification, hence, the manipulation was nondiagnostic.  
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Design and Procedure 

Design 

One hundred and seventy two undergraduate students participated in the study for 

extra credit. The study used a 3 x 2 between-subjects design, in which there was a 

between-subject manipulation of the affective state (negative, neutral, positive) and a 

between-subject manipulation of stimulus complexity. One potato chip was simple and 

the second potato chip was complex as a consequence of adding potentially punishing 

flavors.  

Stimuli 

The punishing flavors were the same that were used in experiment 2. Thus, the 

complex-punishing chip was created by sprinkling approximately 250 milligrams of 

capsaicin powder, pepper, and sour cream powder on each chip. 

Procedure 

The procedure was identical to the procedure used in experiment 1. The 

experiment 1 procedure was used because it asks participants to list flavors, as 

opposed to rate specific flavors (as in experiment 2). It was felt that the nonspecific 

amplification of taste perception would be easier to observe if participants were not 

focused on specific flavors in the complex stimulus condition. 

Results 

Primary analysis 

The mean responses are presented in table 3. The key predictions involved the 

perceived number of flavors, the palatability rating of the chips, and willingness to pay 

dependent measures. The affective state by stimulus complexity interaction was 

significant for the perceived number of flavors (F(2, 166) = 3.71, p < .05). In the simple 
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stimulus condition, the affect manipulation was significant (F(2, 166) = 2.93, p = .05). 

Negative state participants (M = 3.24; F(1, 168) = 3.96, p = .05) and positive state 

participants (M = 3.12; F(1, 168) = 3.17, p = .08) listed more flavors than neutral state 

participants (M = 2.61).  

In the complex stimulus condition, the affect manipulation was significant (F(2, 

166) = 20.11, p < .05). Negative state participants (M = 4.40; F(1, 168) = 28.89, p < .01) 

and positive state participants (M = 4.49; F(1, 168) = 30.22, p < .01) listed more flavors 

than neutral state participants (M = 2.86). 

The affective state by stimulus complexity interaction was significant for the 

palatability ratings (F(2, 166) = 6.70, p < .01). In the simple stimulus condition, the affect 

manipulation was significant (F(2, 166) = 5.85, p < .01). Negative state participants (M = 

6.76; F(1, 168) = 6.45, p < .05) and positive state participants (M = 7.00; F(1, 168) = 

8.84, p < .01) rated the chips more palatable than neutral state participants (M = 5.50). 

In the complex stimulus condition, the affect manipulation was significant (F(2, 166) = 

12.21, p < .01).  

Negative state participants (M = 5.07) rated the chips less palatable than neutral 

state participants (M = 5.93; F(1, 168) = 3.38, p = .07) and positive state participants (M 

= 7.31) rated the chips more palatable than neutral state participants (M = 5.93; F(1, 

168) = 8.45, p < .01). 

The affective state by stimulus complexity interaction was significant for the 

willingness to pay judgments (F(2, 166) = 6.98, p < .01). In the simple stimulus 

condition, the affect manipulation was significant (F(2, 166) = 7.05, p < .01). Negative 

state participants (M = $3.35; F(1, 168) = 6.26, p < .05) and positive state participants 
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(M = $3.61; F(1, 168) = 11.13, p < .01) judged the chips to be more valuable than 

neutral state participants (M = $2.62). In the complex stimulus condition, the affect 

manipulation was significant (F(2, 166) = 15.16, p < .01). Negative state participants (M 

= $2.14) valued the chips less than neutral state participants (M = $2.67; F(1, 168) = 

3.69, p = .06) and positive state participants (M = $3.59) valued the chips more than 

neutral state participants (M = $2.67; F(1, 168) = 10.98, p < .01). 

Table 6-3. The influence of affective state on the ability to perceive tastes, palatability, 
and willingness-to-pay.  

  Dependent Measure 

Affective State Total Flavors 
Spicy/Sour 

Flavors Palatability WTP ($) 
Simple Chip     
  Negative 3.24 .069 6.76 $3.35 
  Neutral 2.61 .036 5.50 $2.62 
  Positive 3.12 .037 7.00 $3.61 
Complex Chip (Spicy/Sour)     
  Negative 4.40 2.03 5.07 $2.14 
  Neutral 2.86 1.24 5.93 $2.67 
  Positive 4.49 1.31 7.31 $3.59 

 
Supplemental Analysis 

It was hypothesized that people in a negative affective state should be sensitive to 

the punishing flavors in the complex stimulus, but that people in the neutral and positive 

affective state should not. The flavor listing was coded for mentions of flavors 

associated with the taste dimension of spicy and sour (e.g., “spicy,” “sour,” “pepper,” 

“sour cream,” “chili”). The mean results are shown in table 3. In the complex stimulus 

condition, the affect manipulation significantly influenced the report of these flavors (F(2, 

166) = 11.41, p < .01). Negative state participants (M = 2.03) listed more spicy/sour 

flavors than neutral state participants (M = 1.24; F(1, 168) = 21.33, p < .05) or positive 

state participants (M = 1.31; F(1, 168) = 17.32, p < .05). 
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Mediation analysis for negative affect consumers experiencing a simple product 

The mediation analysis used participants who tasted simple chips in the negative 

and neutral affective states. First, the affective state was a significant predictor of the 

participants’ willingness to pay for the product (ß = -.73, SE = .28, t(55) = 2.63, p < .05). 

Second, the affective state was a significant predictor of the palatability rating of the 

product (ß = -1.26, SE = .53, t(55) = -2.38, p < .05). Third, when the willingness to pay 

measure was regressed on the affective state and the palatability ratings, the affective 

state coefficient became non-significant, (β = -.37, SE = .25, t(54) = -1.50, p > .05) and 

the palatability rating coefficient remained significant (β = .29, SE = .06, t(54) = 4.72, p < 

.05; Sobel z = -2.18, p = .03). These results replicate experiment 1. 

Mediation analysis for positive affect consumers experiencing a simple product 

The mediation analysis used participants who tasted simple chips in the positive 

and neutral affective states. First, affective state was a significant predictor of the 

participants’ willingness to pay for the product (ß = .994, SE = .306, t(53) = 3.24, p < 

.05). Second, affective state was a significant predictor of the palatability rating of the 

product (ß = 1.50, SE = .496, t(53) = 3.03, p < .05). Third, when the willingness to pay 

measure was regressed on the affective state and the palatability ratings, the affective 

state coefficient became less significant, (β = .753, SE = .32, t(52) = 2.32, p < .05) and 

the palatability rating coefficient remained significant (β = .161, SE = .08, t(52) = 1.98, p 

= .05; Sobel z = 2.11, p = .04). These results replicate experiment 1. 

Mediation analysis for negative affect consumers experiencing a high complexity 
product 

The mediation analysis used participants who tasted the complex-punishing chips 

in the negative and neutral affective states. First, affective state was a significant 
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predictor of the participants’ willingness to pay for the product (ß = .53, SE = .26, t(57) = 

2.49, p < .05). Second, affective state was a significant predictor of the palatability rating 

of the product (ß = .86, SE = .45, t(57) = 1.91, p < .06). Third, when the willingness to 

pay measure was regressed on the affective state and the palatability ratings, the 

affective state coefficient became non-significant, (β = .29, SE = .23, t(56) = 1.22, p > 

.05) and the palatability rating coefficient remained significant (β = .28, SE = .07, t(56) = 

4.25, p < .05; Sobel z = 1.77, p = .08). These results indicate full mediation. 

Mediation analysis for positive affect consumers experiencing a high complexity 
product 

The mediation analysis used participants who tasted the complex-punishing chips 

in the positive and neutral affective states. First, affective state was a significant 

predictor of the participants’ willingness to pay for the product (ß = .92, SE = .28, t(56) = 

3.36, p < .05). Second, affective state was a significant predictor of the taste rating of 

the product (ß = 1.37, SE = .40, t(56) = 3.47, p < .05). Third, when the willingness to pay 

measure was regressed on the affective state and the palatability ratings, the affective 

state coefficient became less significant, (β = .66, SE = .29, t(55) = 2.24, p > .05) and 

the taste rating coefficient remained significant (β = .19, SE = .09, t(55) = 2.14, p < .05; 

Sobel z = 2.39, p = .02). These results indicate partial mediation. 

Discussion 

 Experiment 3 provides evidence that affective states can encourage nonspecific 

and specific amplification of taste perceptions. Replicating experiment 1, simple stimuli 

were perceived to have more flavors when a participant was in a negative or positive 

affective state. This is evidence that affective states encourage nonspecific amplification 

of taste perceptions. The data also show that participants in a negative state were 
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sensitive to the punishing flavors in a more complex stimulus (evidence for specific 

amplification), whereas were participants in a positive state were insensitive to the 

punishing flavors, but more sensitive to flavors in general (evidence for nonspecific 

amplification). Thus, specific amplification takes precedence over nonspecific 

amplification, as was the case in the negative affective state condition, but that 

nonspecific amplification can still exert an influence if flavors relevant to other affective 

states are present, as was the case in the positive affective state condition.  

General Discussion 

 The three experiments show that affective states induce nonspecific and specific 

amplification of taste experiences. First, taste experience was enhanced when 

participants were in a negative or positive affective state (experiment 1). Participants 

perceived a taste experience to be more complex, more satisfying, and more valuable 

when in an affective state. Second, affective states made participants more sensitive to 

specific taste experiences. Negative affect made participants more sensitive to 

sourness and spiciness, whereas positive affect made participants more sensitive to 

sweetness and savoriness (experiment 2). This increase in sensitivity to punishers and 

rewards influenced the valuation of the product in a perceptually assimilative direction. 

Third, when nonspecific sensory amplification and specific sensory amplification 

competed to influence taste perception, as was the case when punishing flavors were 

experienced in a negative affective state, the specific amplification takes precedence 

(experiment 3). This finding is consistent with the claim that specific amplification exists 

to heighten vigilance against the consumption of life threatening foods in a negative 

affective state. 
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 The results provide insights to a paradoxical preference reversal among 

consumers. Consumers appear to like spicy and sour tastes when in a positive affective 

state, but appear to dislike the same sensory perceptions when in a negative affective 

state (experiment 3). This implies that consumers are eager to experience sensations 

and learn (both rewarding and punishing) when their affective systems indicate 

organismic self-sufficiency, but are unwilling to experience punishing sensations when 

their affective systems indicate organismic vulnerability. A marketing implication is that 

marketers of comfort food, which consumers buy to soothe themselves, should have 

more success with basic flavors that are sweet or savoury. In contrast, marketers of 

celebratory food (snacks that tend to be bought for parties), which consumers buy for 

perceptual stimulation, can be more willing to explore new, “punishing” flavors (e.g., 

Pringle’s Extreme Pickle Dill™ or Doritos’ Blazin Chips™).   

 At the fundamental level, this research also provides suggestive insights on the 

interesting phenomenon of negative consumption, in which consumers subject 

themselves to stimuli that, at first glance, appear intrinsically negative or unpleasant 

(Andrade and Cohen 2007). For example, consumers appear to like horror movies or 

watch TV shows like Fear Factor™, a program that shows aversive stimulation such as 

people eating worms and the like. The current explanation in the consumer literature is 

that these negative consumptions are typically accompanied by a detached protective 

frame, a cognitive state of mind in which the consumer experiences negative feelings 

but is well aware that he or she is completely protected from the stimuli (Andrade and 

Cohen 2007, 286-87). This article contributes to the literature by showing conditions 

under which the consumer’s affective state can itself be a protective frame by increasing 
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the organism’s perceived ability to deal with the negative stimulus. The response 

patterns show that consumer response to negative stimulation such as spiciness and 

sourness can become preferred when the consumer is in a positive affective state, 

provided there are other flavors concurrently available.  

Sensory stimulation becomes pleasurable when the consumer perceives 

organismic sufficiency, because the pleasure from nonspecific information and learning 

from complexity may outweigh any discomfort from the burning or biting sensation. This 

pattern may also apply to the consumption of non-food products such as movies and TV 

programs, in which consumers would prefer to watch horror movies or disgusting shows 

when they are in a celebratory, positive affective state, but would not watch the same 

programs when they are having a bad day. Hence, consumer preference or aversion 

toward a negative stimulus is not just a function of the valence of the stimulus, but is 

also a function of the consumer’s perceived organismic sufficiency (“How strong am I 

right now?”), whether this sufficiency is instantiated through an affective variable (affect 

state) or a cognitive variable (protective frame).       

 The results also provide a novel refinement to our understanding of mood repair. 

Previous research suggests that mood repair is a function of Cyrenaic/Epicurean 

hedonistic goals, in which a negative mood leads the consumer to eat foods in general 

in order to bring the mood to an acceptable level (Labroo and Mukhopadhyay 2009). 

This article, however, shows that stimulus hypervaluation occurs in negative affective 

states for stimuli that are sensory-predictive of calories or protein (and sensory-

nonpredictive of acids and capsaicin), perhaps because these sensations indicate a 

stimulus that could restore the organism’s damaged state (experiment 1), such that 
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consumers under negative affective state display hypervaluation toward these products 

(through higher willingness to pay). Emerging neuroscience findings suggest that the 

affective circuits responsible for negative affective states is also linked to the reward 

seeking system, such that activation of the negative affective system actually induces 

consumption (Pecina, Schulkin and Berridge 2006). This article goes a step further by 

showing that stimulus devaluation can also occur for products that are seen as 

punishing (experiment 2 and 3). Thus, in order to understand mood repair, the sensory 

nature of the stimulus is crucial for predicting whether the consumer will approach or 

avoid the product. 

 The idea that consumption can be rewarding or punishing depending on the 

consumer’s affective state and the nature of stimulus may have implications for other 

types of consumer products. Emerging findings in neuroscience suggest that higher 

level cognitive experiences are affectively rooted in lower level perceptual experiences 

(Eisenberger, Lieberman, and Williams 2003; Panksepp 2003; Rolls 2005), and 

preliminary speculations indicate that pleasure can be generated from information or 

meaning alone (Loewenstein 2006). 

 The process of generating meaning may have become pleasurable over time 

because human evolution required the use of various systems of meaning to predict 

outcomes in an uncertain environment. Humans that could process more complex 

semantic meaning predicted outcomes more reliably, survived, and passed on their 

genes. In support of this idea, recent neurobiological findings show that phasic bursts of 

pleasure in a monkey increase as meaning is generated from a situation with higher (as 
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opposed to lower) uncertainty, even if the resulting reward is equally desirable in 

absolute magnitude (Fiorillo, Tobler, and Schultz 2003).  

The relative influence of the two types of pleasure (semantic versus sensory) may 

depend on the expertise of the consumer. For example, a novice consumer (e.g., a child 

or a teen) may find semantic-rich but sensory-poor movies and music non-pleasurable, 

because the novice consumer’s semantic networks do not have the complex 

connections that are projected toward opioidergic pathways. This novice consumer may 

instead prefer to watch a high definition movie with rich colors and sound. In contrast, 

an expert consumer (e.g., a history buff or movie connoisseurs in general) may prefer to 

watch old, meaningful films (e.g., Disraeli or The Life of Emile Zola) rather than new, 

less meaningful movies with high sensory quality (e.g., Fast and Furious or Monsters vs 

Aliens 3D).       

 The non-intuitive finding that a higher level of perceptual complexity results in 

lower liking among consumers in negative affect (experiments 2 and 3) may shed light 

into the enjoyment of semantic products. Consider the consumer’s choice between two 

movies in Wang, Novemsky, Dhar, and Baumeister (2009): Schindler’s List (high 

semantic complexity) and Bad Santa (low semantic complexity). When consumers had 

high self-regulatory resources (analogous, but not exactly the same as, being in a 

positive affective state), they chose complex products (Schindler’s List) over simple 

products (Bad Santa). In contrast, when consumers’ self-regulatory resources are spent 

(viscerally analogous, but not exactly the same as, being in a negative affective state), 

consumers avoided Schindler’s List, a movie that is high in semantic complexity, even 

though the movie was something they themselves regarded as the better movie (based 



 

139 

on participant self-reports). An interesting question hitherto not raised is: Is it mere 

complexity, or the presence of punishers, that contribute to consumer aversion? (i.e., 

Which process has the bigger influence, nonspecific amplification leading to greater 

semantic complexity, or specific amplification leading to semantic generation of 

punishers?)   

 The mere complexity hypothesis is intriguing—it suggests that consumer working 

memory may have a lower threshold in negative affective states (or when self-regulatory 

resources are spent), regardless of the valence of the individual bits of information. 

There is suggestive evidence in the literature showing that negative affective states 

decrease the organism’s ability to process complex information, because negative 

affective states cause a “tunnel vision effect,” in which many bits of information are 

disregarded (Baddeley 2007). Neurological research supports the idea that negative 

affective states may reduce the organism’s mere capacity for information processing, 

and so consumers who had a bad day will avoid semantically complex products (e.g., 

complex movies or music) because their semantic systems cannot handle the incoming 

information, regardless of the quality or valence.  

In contrast, positive affective states may increase the organism’s mere capacity for 

information processing (e.g., Fredrickson’s Broaden-and-Build Theory, Fredrickson 

2004; see also Ashby, Isen, and Turken 1999 for a consistent but different process 

explanation), and so consumers who had a good day will prefer semantically complex 

products because the increase in processing capacity (whether this is mediated by an 

absolute increase in capacity, mediated by chunking processes, or mediated by the 

activation of nodes with lower resting activation levels, e.g., Ashby et al. 1999) enables 
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the consumer to process more complex products. Since complexity increases the 

potential for learning (Berlyne 1974), consumers will prefer more complex products as 

long as their affect-dependent capacity can handle the workload.  

 The second explanation is the punisher hypothesis, i.e., the presence of 

punishers that are invariably included in highly complex products threatens consumers 

in negative affective states. This article provides supportive evidence for the punisher 

hypothesis among consumers in negative affective states with access to the spicy 

chips, and a similar process may also operate for semantic products such as movies 

and music. In contrast to the mere complexity hypothesis, the punisher hypothesis 

posits that the information processing system is selectively vigilant against potential 

punishers in negative affective states, and so the consumer would avoid (or consume 

less) of the product.  

For semantic products, punishers may come in the form meanings that predict a 

threatening outcome (e.g., Coldplay’s Grammy award-winning song Viva la Vida [Death 

and All His Friends]). The meaning that is generated by the song, movie, or play is 

threatening to consumers under negative affect, hence the consumer avoids it. Under 

this explanation, the consumer would not mind high-brow, semantically complex 

products (such as the Broadway play Les Misérables), as long as it does not contain 

semantic punishers.  

This approach would enrich our understanding of consumer self-regulation, by 

exploring what conditions make consumers more sensitive to cues of 

increment/decrement (e.g., punishers and rewards), and what conditions make 

consumers more sensitive to limits on capacity for learning (e.g., mere complexity).   

http://en.wikipedia.org/wiki/Viva_la_Vida_or_Death_and_All_His_Friends�
http://en.wikipedia.org/wiki/Viva_la_Vida_or_Death_and_All_His_Friends�
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 Finally, our finding that consumers may find punishers rewarding in positive 

affective states raises an interesting question. What contributes to long-term consumer 

happiness—is it the absence of punishers in life events, or the complexity of life events 

collectively? John Stuart Mill (1861) appears to side with complexity, and he is well-

known for his paradoxical axiom “a dissatisfied Socrates is not only better than a 

satisfied fool, but happier, too” in his classic work, Utilitarianism. The implication of Mill’s 

view is that punishers add complexity to life and by doing so, adds learning (which 

generates pleasure), an idea that dovetails with Berlyne’s (1960, 1970, 1974) views of 

complexity and learning. Indeed, empirical research has shown that people who 

encounter a moderate number of negative events (1 negative event per 2.9 positive 

events) are happier than people who encounter a low number of negative events (less 

than 1 negative event per 11.6 positive events) (Fredrickson and Losada 2005; Losada 

1999; Losada and Heaphy 2004). Since Losada’s data was generated from 

mathematical modeling, he did not give a theoretical argument as to why too few 

negative percepts would be worse than a moderate amount of negative percepts. It 

would be interesting to explore what about negative events makes consumers happier. 

Is it the fact that encountering events that include punishers causes learning that 

increases the value of the other stimuli that are about to be experienced (e.g., 

hypervaluation of incoming stimulus resulting from perceptual contrast)? Or is it the fact 

that learning about a punisher increases knowledge about the relationships between 

that punisher and other rewards (e.g., configurative learning)? If so, it would be 

interesting to investigate whether consumers who experience a moderate number of 

punishing consumption episodes are happier over time, compared to consumers who 
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experience a small number of punishing consumption episodes. If life is like a box of 

chocolates, it may serve the consumer well to include a number of chocolates that are 

punishing.  
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