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Abstract 

Decision making in everyday purchase situations requires mental processing of factors 

that are related to the items on display. These influencing factors – called persuasive 

information – can take various forms, like the price level, the design of the package or the 

display of certain product attributes. The fact that we are able to succeed in deciding even 

between more than two options is due to the fact that we somehow manage to integrate 

all product related information together with subjective attitudes into personal responses. 

Despite the existence of persuasive information trying to influence our buying behavior, 

almost nothing is known about the underlying neural mechanisms responsible for 

processing this information.  

In this thesis functional magnetic resonance imaging was used to investigate neural 

activity correlated with product related persuasive information. As persuasive information 

organic, light and regular labeled food was chosen.  

The 1st experiment investigated the neural correlates of visually inspected organic and 

regular labeled food and the influence on willingness to pay (WTP) for the displayed 

items. It was hypothesized that organic compared to regular labeled food will be perceived 

as more rewarding which should be visible by an increased activity in the ventral striatum 

as a central area for reward processing (Schultz et al. 1997; Knutson et al. 2007) and by a 

heightened WTP. As organic label information the national German real-market eco 

emblem 'Bio-Siegel' was chosen (for stimuli details see 2.1). As there is no emblem 

indicating regular food on the market, an artificially created logo was used for indicating a 

conventional product. 40 well- known food products (e.g. milk, bread, eggs etc.) were 

presented to the subjects. These products were marked with the organic emblem and the 

same 40 products with the regular label. We found that visual inspection of organic 

labeled food indeed led to an increase in neural activity in the ventral striatum and to a 

heightened WTP, suggesting a higher subjective value for these products. 

The 2nd experiment investigated the neural correlates of actually administered food stimuli 

labeled organic, light or regular and the influence on expected and experienced taste. For 

organic compared to regular labeled food we hypothesized an increase in expected and 

experienced taste pleasantness. Furthermore, light compared to regular labeled food 

should lead to a decrease in expected and perceived pleasantness and intensity ratings. 

During the active tasting process this should be accompanied by an increase in reward-

related (e.g. organic vs. regular; regular vs. light) areas like the ventral striatum medial 

orbitofrontal cortex (De Araujo et al. 2003; Kringelbach et al. 2003; Grabenhorst et al. 

2008) or aversion-related (e.g. regular vs. organic; light vs. regular) areas as the lateral 

orbitofrontal cortex (lOFC) and operculum/insula (Rolls et al. 2003; De Araujo et al. 2005; 

Grabenhorst et al. 2010). As organic label information the national German eco emblem 

'Bio-Siegel' was chosen. Light label information was issued in form of the internationally 

used 'Bewusst-Wählen®' ('Healthy Choice') label (for stimuli details see 2.2).  However, 

inside the scanner the written forms 'Bio', 'Light' or 'Normal' (indicating regular food) were 
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chosen. Subjects were randomly assigned in two groups and were either confronted with 

the organic or the regular label (organic group) or with the light or the regular label (light 

group) but otherwise identical milk drink. The results show that organic compared to 

regular labeling of identical food stimuli indeed led to an increase in expected and 

experienced taste pleasantness for organic labeled food. Light compared to regular 

labeling of identical food stimuli led to a decrease in expected and experienced taste 

pleasantness and intensity for light labeled food. Moreover, taste-related activity was 

found in aversion related areas like the operculum insula and the lOFC for food labeled 

regular compared to organic and in reward-related areas like the ventral striatum for food 

labeled regular compared to light. 

The results show that persuasive food-related information influences human cognition on 

the behavioral and neural level; the effects were shown during visual and gustatory 

evaluation of the stimuli. Taken together the results demonstrate that the same stimulus 

can vary dramatically in personal valuation depending on the applied information. 
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1. Introduction 

Every day we are confronted with a large variety of information influencing and affecting 

our decisions. However, not only economic purchase decisions but also social or even 

medical decisions are influenced. Imagine for example, a patient visiting his general 

practitioner in the hope of getting cured by a prescribed medicine; yet, after having read 

the package leaflet containing information about possible side effects he decides not to 

take the medicine at all. Another example is a political party trying to persuade an 

audience of a specific political agenda to ensure election. However, not all information is 

by itself information intended to shape or to alter decisions – some are only meant to 

inform like the package leaflet listing side effects (see above). In contrast to this, 

information in the form of a message intended to change someone’s attitudes1 and to 

influence subsequent decisions is called a persuasive message (Hogg and Vaughan 

2008). In order to clarify the terminology in line with the title I will therefore define 

influencing factors as “persuasive information” and economic decision making as any kind 

of decision making process which results in a behavioral evaluation of a product. 

 

Especially in economic decision making we are frequently confronted with persuasive 

information. For example, a difference in price level in two separate stores selling two 

identical products (e.g. the same car model from the same producer) most likely leads us 

to buy the item in the store selling at a lower price. Another possibility for influencing 

behavior is the presentation of additional product-related attributes highlighting certain 

production methods or particular ingredients in food items. For example, chicken might be 

advertised as “free range”, and coffee advertised as “fair trade”. This persuasive 

information differs from the price in that price is objective and easy to compare between 

equal products, whereas the subjective importance of attributes such as “free range” or 

“fair trade” varies enormously. Even though persuasive product information about price 

and other characteristics is often displayed in combination, e.g., production methods 

justify higher pricing, we somehow manage to integrate it into our decision making 

process and to formulate a response. 

Since the advent of modern brain imaging technology like functional Magnetic Resonance 

Imaging (fMRI) using the blood oxygenation level dependent (BOLD) signal, it is possible 

to observe neural processes in the human brain. These processes can be investigated in 

response to various stimuli which are perceptible via the known senses (vision, audition, 

gustation, olfaction, and tactition). Moreover combinations of different sensations (vision 

plus gustation) or associated cognitions can be investigated. Thus, fMRI opens the 

possibility of investigating decision making in different situations including those with 

persuasive information while looking at changes in brain activity.  

                                            
1 Attitude is defined as “[M] a psychological tendency that is expressed by evaluating a particular 
entity with some degree of favor or disfavor”; moreover, “[M] evaluating refers to all classes of 
evaluative responding, whether [M] cognitive, affective or behavioral” (Eagly and Chaiken 1993) 
(p.1). 
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Food is a suitable model for investigating influencing factors on economic decision making 

in an fMRI-scanner environment. It is easily identified via visual or gustatory senses, often 

displays persuasive food-related information on the package (e.g. fair trade) and most 

importantly almost everyone has experience in food valuation during purchase and 

consumption. Which food to buy or what to eat is an essential everyday question. 

Especially in western societies due to the prevalence and huge diversity of food items it is 

not easy to decide which food best fits the needs for economic expenditure, optimal 

nutrition and health. To facilitate an optimal decision based on personal evaluation, 

products are often equipped with persuasive information regarding the production process 

(e.g. fair trade, produced abroad, organic products) or concerning ingredients (e.g. 

diabetes suitable, light products).  

Despite the importance of this persuasive information in daily purchase decisions little is 

known how this subjectively highly relevant information is integrated in the brain to shape 

decisions. The aim of this thesis is to find the neural correlates of factors influencing 

economic decision making. Therefore, two experiments investigating the neural and 

behavioral effect of real-market food labels on food valuation, perception and experience 

were designed. As persuasive information for organically produced food the national 

German ecolabel 'Bio-Siegel' was chosen; for light foods the internationally known food 

label 'Bewusst-Wählen®' ('Healthy Choice') was chosen. The reason for these choices 

and the definition of both labels are described in detail in the next section: “Defining 

organic and light labeling”.  

Due to the fact that vision and gustation are two major criteria of food choice they hereby 

serve as the main classifications for investigating the neural and behavioral correlates of 

food labeling.  

The 1st experiment investigated the neural correlates of visual perception and subsequent 

evaluation of commonly used food items labeled either organic or conventional.  

The 2nd experiment investigated the behavioral and neural substrates of expected and 

experienced taste modulated by organic, light and regular labeling.2 

After a description of the utilized organic and light labels I present theories from 

psychology and economics regarding the processing of information. Further a comparison 

of the theories stating possible overlaps and distinctions is presented. Next, a review of 

previous behavioral, neurophysiological and fMRI studies leading to the formularization of 

the experimental hypothesis and the presentation of the experimental studies will be 

presented. Finally, the thesis is concluded by a subsequent summary and discussion of 

the reported findings. An excursus at the very end reviews the physical principles 

underlying the MRI-signal and a description of data processing as well as analysis. 

                                            
2 The term “conventional” used in the 1st experiment and the term “regular” used in the 2nd 
experiment – both describing a conventional product – were used synonymously throughout this 
thesis. 
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2. Organic and light labels  

The most important reasons for choosing organic and light as food label information were 

that organic and light foods are easily available in food stores in western societies. 

Therefore, it is reasonable to assume that most subjects have at least some experience 

with these products concerning price and taste. However, in order to achieve an equal 

level of information for all subjects, they received information about the specifics of 

organic or light products (see Methods in respective studies). 

 

2.1 Organic foods 

As organic labeling information the national German ecolabel ('Bio-Siegel', Figure 1) was 

chosen because it is best known for organic foods among German consumers3. The label 

was introduced in 2001 for organic farming products that comply with the provisions of the 

European Union Organic Farming Regulation4.  

Some of the key properties for organic labeled foods according to the European Union 

Organic Farming Regulation are: 

• No chemical-synthetic pesticides 

• No genetic engineering 

• No use of soluble fertilizers 

• Administrative control of producing firms 

 

 

 

 

 

Figure 1: The national German ecolabel ('Bio-Siegel'); source: http://www.bio-siegel.de/infos-fuer-

zeichennutzer/design-guide/#c530 

 

2.2 Light foods 

As light label, the internationally used food label for calorie controlled products 'Bewusst-

Wählen®' ('Healthy Choice®', Figure 2) was chosen5; it was introduced in 2006 and is 

                                            
3 Source: http://www.bio-siegel.de/fileadmin/user_upload/Dokumente/Reports/BioSiegel-
Report_01_11_barrierearm.pdf 
4 Source: http://www.bio-siegel.de/english/basics/the-national-bio-siegel 
5 German: http://www.bewusst-waehlen.de; English: http://www.choicesprogramme.org/en 
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currently in use in over 50 countries6. Products wearing this label are produced according 

to specific food criteria developed by an independent scientific committee in the 

Netherlands and Belgium7.  

Due to the fact that milk-products were used in the studies to investigate the influence of 

light labeling, some of the key properties for milk-products are henceforth listed; however 

they also apply in part to other food categories like bread or potatoes (see footnote 5).  

Some of the key properties defining milk-products according to the 'Bewusst-Wählen®' 

criteria are: 

• Sodium ≤ 120 mg/100 g 

• Sugar ≤ 5g/100g 

• Saturated fatty acids ≤ 1,4 g/100 g 

• Reassessment of these recommendations by a scientific council every two years 

 

 

 

 

 

Figure 2: The German version of the 'Healthy Choice®' label; source: http://www.bewusst-

waehlen.com/downloads/logo_bewusst_waehlen.tif 

 

 

 

                                            
6 Source: http://www.bewusst-waehlen.com/downloads/Bewusst_Waehlen_International.pdf 
7 Source: http://www.bewusst-waehlen.com/downloads/Bewusst_Waehlen_Eignungskriterien.pdf 
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3. Theories: 

A decision between two or more options can be influenced by item-related information. 

Depending on the state of the individual (e.g. environmentally conscious) and on the 

information (e.g. organically produced food) applied, subsequent decisions can be 

influenced. For example, an environmentally conscious subject might care strongly about 

the production methods of food and simply pick the item displaying this information – 

perhaps even if it is not sold at a higher price. However, another subject might not care 

about the production methods at all and pick the item sold at a lower price. 

This example demonstrates that item related information can dramatically change 

subsequent economic decision making; but how is this kind of information processed? In 

answering this question economics and psychology have developed entirely different 

theories.  

Within psychology theories focus on a personal evaluation of the persuasive information 

by the subject and a formation of attitudes (see 3.1).  Economics on the other hand 

focusses on obtaining product quality information in a buyer-seller relationship (see 3.2). 

Despite the fact how dissimilar the approaches of information processing seem to be there 

are possible similarities between them which will be discussed at the end of the theory 

section. However, neither the economic nor the psychological theory was a matter of 

experimental investigation they are only presented to theoretically approach the subject of 

organic and light labeling.    

 

3.1 Cognitive psychology: The heuristic systematic model 

Modern theory of cognitive psychology considers two parallel ways of processing 

information – a rational and an intuitive system (Epstein 1994). Different models 

supporting this assumption were developed over the years (Epstein 1994) including the 

heuristic systematic model (HSM) (Chaiken 1980). In this thesis this model was chosen 

because it explains information processing of a persuasive message (such as organic and 

light labeling) for the formation and holding of attitudes (Chaiken 1980; Chaiken et al. 

1989). As attitudes can be expressed by behavioral (or cognitive, affective) evaluation 

(Eagly and Chaiken 1993) (p.1) the HSM might be applicable for a theoretical approach of 

how persuasive organic and light label information influences economic decision making. 

However, the HSM is a more general model going beyond economic decision making; this 

can be seen by the already mentioned definition of  “evaluation” which includes evaluative 

responses independent from behavior (e.g. affective).   

The heuristic systematic model is favoring two ways of processing persuasive information: 

The first route is the slower, logical and explicit system which acquires all relevant 

information to formulate a “well thought” decision. This system – also called systematic 

processing – is usually involved when dealing with a high involvement situation (e.g. the 
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individual decision is very important) (Chaiken 1980). Second is the fast, affective and 

heuristic system which assembles all available information at once in order to make a 

quick decision. This heuristic system is normally involved in processing information from a 

low involvement situation (e.g. the individual decision is not very important). It assumes 

that one uses cognitive shortcuts like “statistics don’t lie” or “longer arguments are 

stronger” to simplify information. Taken together these two ways are called the “heuristic-

systematic model” (HSM) (Chaiken 1980; Chaiken and Maheswaran 1994; Chen et al. 

1996).  

It was shown that credibility greatly effects the evaluation of a product (Chaiken and 

Maheswaran 1994). When subjects were in a low-involvement setting they preferred the 

positive description of a product from the higher credibility source over the lower credibility 

source. This was done regardless how positive the product was described (strong, 

ambiguous or weak). When subjects were in a high involvement setting credibility still 

exhibited influence in the ambiguous description (Chaiken and Maheswaran 1994). The 

authors interpreted these findings that subjects are mainly using a “credibility-heuristic” in 

the low-involvement, but also in the high-involvement setting to bias systematic 

processing. 

In an attempt to answer the question which kind of persuasive information processing is 

used for organic or light labeled food, two issues are important for the upcoming 

argumentation: i) the experiments in this thesis contained visually or flavorfully identical 

food stimuli (see 7.3.2, 8.3.2) , ii) in the HSM ambiguous information is always influenced 

by credibility (see above). If identical stimuli are seen as a form of ambiguous information 

meaning that stimuli are impossible to discriminate without additional information and the 

label (organic or light) acts as a form of credibility information; i.e. “The organic label 

indicates higher quality” (for details on motives for organic food purchase see 4.1) then it 

is likely that heuristic instead of systematic processing was used in any choice favoring 

organic over i.e. conventional food. Recent research suggests that even decisions for an 

entire meal are based on simple decision heuristics (Scheibehenne et al. 2007). Subjects 

repeatedly decided between pairs of meals. Using questionnaire analysis Scheibehenne 

et al. (2007) found that a model only considering the most important factor for meal choice 

is as good at choice prediction as all factors suggesting that food choices may be based 

on heuristics. Above all, the general construction of most fMRI experiments (including 

these presented here) permits only short and repeating elaborations of the prospects; thus 

increasing the likelihood of fast intuitive heuristic information processing.  

In any case, it is now conceivable that influence on economic decision making stemming 

from persuasive information like organic or light labeling is explainable by the HSM; likely 

by the use of the heuristic system. As this thesis specifically investigates economically 

relevant behavior and its neural substrate as a function of labeling an economic model is 

presented subsequently. 
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3.2 Economic theory 

If a consumer acquires information in order to purchase a product he or she can be faced 

with information asymmetry: that is when one party (e.g. consumer) has less information 

about the product than the other party (e.g. the producer) which in turn can lead to an 

inefficient use of resources (e.g. by the consumer) (Akerlof 1970; Golan et al. 2000). It has 

been shown that in order to minimize this information asymmetry and to make a 

reasonable economic decision – which is in this theory constricted to purchase decisions 

– there are three different ways of obtaining (purchasing) information about the quality of a 

product: Search, Experience and Credence (Stigler 1961; Nelson 1970; Darby and Karni 

1973).  

Search is defined as a way of obtaining quality information prior to purchasing the product 

(Stigler 1961; Nelson 1970). For example the red color of a tomato makes it easy to 

distinguish between different kinds of vegetables or spoiled tomatoes. Another way to 

evaluate a product prior to purchase is – of course – the search for the smallest price. 

Experience is a different way of obtaining quality information – unlike to search it is 

accomplished after purchase (Nelson 1970). Since the quality of many products cannot be 

sufficiently ascertained before purchase the only way for evaluation is usage. For example 

the quality of canned tuna fish can only be observed (tasted) after purchase (Nelson 

1970). Another example in which experience might be better suited than search is when 

the costs for search outweigh the costs for purchase; for example, evaluating all different 

characteristics of a television set and its expected need for repairs is a very difficult if not 

impossible task, therefore purchase and usage of the item might be a better (cheaper) 

way of obtaining quality information (Nelson 1970). 

The final way of ascertaining quality information is called credence which is completely 

different to search or experience. Meaning there is no way (in an economic sense this 

means that this way would be far too expensive) of collecting information about quality 

before purchase or after usage (Darby and Karni 1973). For example, the claimed 

advantages of certain automobile repairs can only be judged whether there is a difference 

in experienced function before and after the repair (Darby and Karni 1973). If there is no 

such difference the conducted repairs are based on credence. However, there are 

instances, in which a complete distinction between experience and credence is not always 

clearly defined because some products might reveal their differences only after prolonged 

usage (Darby and Karni 1973) – e.g. a foodborne illness due to a false nutritionally diet 

(Caswell and Mojduszka 1996). Nevertheless, as it is difficult to verify the nutritional 

characteristics of food after purchase and usage these foods are considered to be 

credence foods (Caswell and Mojduszka 1996; Teisl and Roe 1998).  

Regarding the categorization of food labeling, a change in nutritional characteristics –e.g. 

a specified amount of reduced calories in light foods – is normally impossible to be 

confirmed by the consumer before or after purchase; therefore, light foods are here 

considered to be credence foods. This classification is similar to organic foods because 
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these are defined by an alternative production omitting pesticides or genetically modified 

organisms. Since those properties are also virtually impossible to confirm by the 

consumer, organic foods are considered to be credence foods (Teisl and Roe 1998; 

McCluskey 2000; Cho and Hooker 2002).  

Thus, influence on economic decision making (e.g. purchasing a product) stemming from 

persuasive information like organic or light labeling (credence labeling) may be explained 

by credence. However, other kinds of behavior may also be associated with organic or 

light labeling information e.g. eating behavior or the evaluation of taste. If, however 

organic or light labeling indeed led to an altered taste perception of identical taste stimuli 

then this would be contrary to basic assumptions in economics which assume that only 

the actual characteristics of the item and the state of the individual can give rise to 

“experienced pleasantness” (Kahneman et al. 1997; Plassmann et al. 2008). Therefore, 

any difference in gustatory perception due to labeling would be a violation of that premise. 

 

3.3 Differences and similarities between theories 

First, the psychological model is rather universal; it attempts to explain behavior (among 

affective or cognitive evaluation; see 3.1) due to a change in attitudes whereas the 

economic theory specifically tries to explain purchase behavior. Thus, within their 

specialization (purchase behavior in economic theory, general behavior in psychological 

theory), both theories can explain product related economic decision making in respect to 

organic and light labeling.(see 3.1, 3.2). However, any change in taste ratings (as a form 

of economic decision making) of the same stimulus due to organic or light labeling would 

only violate basic assumptions in economics, not psychology. 

Second, the theory of economics appears to have a different terminology than the 

psychological theory. Psychology uses the term “processing persuasive information” and 

economics “obtaining quality information”. Nevertheless, both can be seen as comparable 

because both describe ways of information management.8 

Third, the terms “credence qualities” and “persuasive information” can be seen as 

comparable when used to describe organic and light labeling because organic and light 

labeling intentionally attempts to persuade and influence subsequent decision making. 

Fourth, based on the presented economic theory we have two explicit options of 

processing quality information of an item – search and experience – and one option via 

credence or trust resulting in two inherently different ways of processing information about 

quality. These two different variants can be seen as comparable to the two possibilities of 

persuasive information processing– systematically and heuristic – described in the HSM. 

One possibility is based on explicit cognitive elaboration and the other on heuristics to 

simplify the choice.  

                                            
8Consider the following quotation (Nelson, 1970, p. 312) defining Experience: “We will call this 
information process "experience." (Nelson 1970) 
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Concerning the question of how persuasive information of organic and light food labeling 

is processed this comparison indicates that ideas from economics and psychology may be 

pointing in a similar direction: namely the route based on credence or heuristics is 

preferred to the explicit and timely cognitive elaboration. 

 

3.4 Summary theories 

Presented theories are suggesting that persuasive label information displayed as organic 

and light is processed via an fast and automatic way based on heuristics (psychological 

theory) or via credence (economic theory). Inferences from both theories are pointing in a 

similar direction because both of them circumvent the alternative of a timely and explicit 

way. However, it is unknown how persuasive label information of influencing factors like 

organic and light is represented on a neural level. 

Due to the fact that vision and gustation serve as two major criteria of food choice in this 

thesis these two senses act as a model to investigate the influence of organic and light 

labeling on economic decision making and their neural correlates. Therefore, the following 

section describes previous work from different behavioral and neural studies in order to 

generate general and specific hypotheses. 
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4. Behavioral effects of organic and light labeling 

This paragraph reviews several behavioral studies measuring economic decision making 

of food labeled organic or light. Therefore, publications measuring different behavioral 

dimensions like e.g. motives, ratings or associations are reviewed. 

 

4.1 Organic food 

A study investigating 2000 German subjects and their motives behind organic food 

purchase showed that organic products were considered to be healthier, more 

environmental friendly, and better tasting (v. Alvensleben 1998). The same motives were 

also found in a study with Dutch (Schifferstein and Ophuis 1998) and Italian (Saba and 

Messina 2003) subjects. A better taste was also found to be an important attribute for 

German and to a lower extent for British consumers (Baker et al. 2004). Additionally, 

organic bread was rated higher in taste after information of organic production methods – 

consisting of health or environmental themes – were presented (Annett et al. 2008); they 

also demonstrated that one key reason for not purchasing organic food is the higher price.  

 

4.2 Light food 

A previous study, investigating the effects of additional food information on choice, found 

that food perceived as less healthy (e.g. saturated fat) was associated with better taste 

(Raghunathan et al. 2006). Moreover, using the implicit association test (IAT) (Greenwald 

et al. 1998) for investigating food associations Raghunathan and colleagues (2006) 

showed that unhealthiness was more strongly associated with enjoyment than 

healthiness. They also demonstrated that a yoghurt drink labeled as unhealthy was rated 

better tasting than the healthy labeled version. In accordance with this finding it was 

shown that yoghurt labeled as high fat was preferred over the same yoghurt labeled as 

low-fat although both were identical in fat content (Wardle and Solomons 1994). 

Moreover, the expected taste of high-fat labeled chips (25% fat) was higher than for the 

low-fat label (75% fat free), although both labels are indicating an identical fat content 

(Wertenbroch 1998). In an investigation measuring the effects of real changes in fat and 

sucrose content it was found that an increase in fat and sucrose led to an increase in 

perceived intensity and pleasantness (Drewnowsky and Greenwood 1983); nevertheless, 

a continuing increase in sugar concentration induced a decline in pleasantness but not 

intensity ratings. Additionally, it was shown that “low-fat” labeled foods were significantly 

more consumed than foods labeled as “regular” resulting in an overall increase in calorie 

intake (Wansink and Chandon 2006). Furthermore, a study showed that if subjects are 

primed with healthy words (i.e. apple, biking, fit) but with neutral words (e.g. working, 

plant, inside) they tended to eat more light chips (Geyskens et al. 2007).  

 



Behavioral effects of organic and light labeling 

 

16 

4.3 Summary behavioral studies  

Organic foods are perceived as healthier, better for the environment and tastier than 

conventional foods – in short they appear to be perceived as more positive than their 

regular counterparts. Light foods on the other hand are defined by a lower fat and sugar 

content and they are therefore considered to be less tasty compared to the regular 

version. Moreover, an actual increase in fat and sugar content raised perceived liking and 

intensity. Taken together the results suggest that organic or light labeling changes 

subsequent economic decision making by modifying the expected and perceived reward 

from an item.  
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5. Neural correlates of reward and reward-related tasks 

Based on the previously stated behavioral results it is argued that persuasive food-related 

information like organic or light applied to a food item influences subsequent economic 

decision making. This is likely due to a change in value hence in the (expected) reward of 

the item. In order to further explore the important issue of reward perception and decision 

making, I next present studies investigating reward processing on a neural level. A 

change in reward is important since it provides – apart from already reviewed theories – 

an additional anchor point of investigating influencing factors such as organic and light 

labeling on economic decision making. Therefore, this paragraph starts with a review of 

several reward-related neurophysiological studies thereby describing the dopaminergic 

reward system. Subsequently, reward-related fMRI-studies are presented in the imaging 

section (see 5.3). 

 

5.1 Reward system9 

Processing of emotional relevant stimuli such as rewards, pleasurable events or also fear 

are very important in goal directed behavior. Especially, the limbic system, consisting of 

the limbic lobe forming a ring of cortical structures around the brain stem together with 

additional subcortical regions, is thought to be closely associated with processing 

emotions. Areas which are considered to be part of the limbic system are: the cingulate 

gyrus, the hippocampal formation, the parahippocampal gyrus, the hypothalamus, the 

orbitofrontal cortex (OFC), the septal area, the amygdala and the ventral striatum/nucleus 

accumbens. 

Particularly the processing of emotionally positive events like rewards, which vary strongly 

in magnitude or form are thought to be processed largely in the limbic system. For reward 

mediation dopamine is the key neurotransmitter which is processed by dopaminergic 

neural structures, found in abundance in the limbic system and other brain regions. 

Moreover, these dopaminergic neural structures are organized in four different pathways 

of which two have mainly the function of processing rewards: the mesolimbic and the 

mesocortical system10. In this section the involvement of these two pathways in reward 

perception, expectation and reward dependent learning are reviewed. Several studies 

investigating different neural structures and their reward functions of the respective 

pathways are included.  

                                            
9 The sections 5.1 and 5.2 are based on knowledge from the following text book: (Kandel et al. 
2000) Therefore, all uncited content within this “Reward system” paragraph is derived from that 
source. 
10The two other systems are the nigrostriatal and the tuberoinfundibular system. The nigrostriatal 
system connects the substantia nigra with the parts of the striatum (putamen and caudate) and it is 
thought to be responsible for motor responses; moreover depletion of dopamine in the striatum due 
to Parkinson disease leads to impairment in motor function. The tuberoinfundibular system 
originates in the arcuate nucleus (part of the hypothalamus) and projects to the pituitary. It is 
thought to be relevant for secreting dopamine as a prolactin release inhibitor, thus being relevant 
for the endocrine system. 
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5.1.1 The mesolimbic system 

The dopaminergic mesolimbic system originates in the ventral tegmental area (VTA) 

which is part of the midbrain and projects to a variety of different limbic structures. These 

limbic structures are including the ventral striatum containing the nucleus accumbens as 

its principle component for reward processing,11 the amygdala, the septal nuclei, the 

hippocampus, the medial frontal cortex and the anterior cingulate cortex (ACC). Electrical 

self-stimulation via an implanted intracranial electrode, affecting the septal area and 

adjacent brain regions led to voluntary and repeated stimulation by means of lever-

pressing in rats (Olds and Milner 1954) and humans (Bishop et al. 1963); moreover, the 

human subject did not even stop with stimulation when offered something to eat though 

being hungry. The important role of dopamine in these findings is outlined by the following 

study in rats. Injection of Spiroperidol – a substance blocking dopamine-receptors – 

attenuated the number of lever presses associated with electrical self-stimulation; the 

electrode was implanted - among other regions - in the hypothalamus, septal area, VTA 

and nucleus accumbens (Rolls et al. 1974).  

Particularly the nucleus accumbens is considered to play an important role in this pathway 

because it is thoroughly connected with other parts of the limbic system. For example, it 

integrates and modulates input from the amygdala, the ACC and the hippocampus for 

projection back to the ACC or to other target regions like the frontal lobe or hypothalamus. 

In an important study investigating the role of the nucleus accumbens regarding food 

intake it was shown that extracellular levels of dopamine in the nucleus accumbens rose 

during consumption of high palatable foods compared to low palatable foods, suggesting 

that activity in this region is coding the rewarding properties of food (Martel and Fantino 

1996). A further study investigated the question whether dopaminergic neurons also 

encode the appetitive value of a rewarding item compared to an aversive stimulus. 

Mirenowicz et al. (1996) found that midbrain dopaminergic neurons in the substantia nigra 

and the VTA of monkeys responded best to primary (juice) and conditioned appetitive 

stimuli (light and sound). Aversive (air puff) or conditioned aversive stimuli (sound) did not 

(or only weakly) activate the same regions (Mirenowicz and Schultz 1996). Finally, an 

important function of midbrain dopaminergic neurons is also the encoding of expectations. 

It was shown when a conditioned stimulus (for a certain reward) appeared, dopaminergic 

neurons in the monkey were firing; however, if the reward was subsequently omitted the 

neurons responded via a decrease in activity, suggesting that the expectation hence the 

expected time of reward arrival is also encoded via activity of dopaminergic neurons 

(Schultz et al. 1997). Regarding expectation of food it was shown that a conditioned 

stimulus which was previously paired with application of food led to increased extracellular 

dopamine in the nucleus accumbens suggesting that the expectation of food is also 

encoded in the dopaminergic activity of the nucleus accumbens (Mark et al. 1994).  

                                            
11 Since this thesis investigates reward processing and the ventral striatum contains the nucleus 
accumbens as its central region for this function the terms “ventral striatum” and “nucleus 
accumbens” should be understood as synonym in this thesis. Due to previous usage of the term 
“ventral striatum” in the first study and to avoid confusion this term is used throughout all other 
sections of this thesis. 
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5.1.2 The mesocortical system 

The dopaminergic mesocortical system as well has its origin in the VTA and projects, not 

to the limbic structures, but to the neocortex i.e. the prefrontal cortex (PFC) which is 

involved in motivation, planning and social behavior. A prominent example demonstrating 

the involvement of the PFC in the aforementioned functions is the patient Phineas Gage 

who had an accident with a severe lesion in the PFC leading to dramatic changes in his 

personality such as abandonment of social conventions, irresponsibility and profanity; 

these suggest a lack of emotion processing (Damasio et al. 1994). Monkeys with lesions 

in the dorsolateral PFC exhibit an increase in aggression and reduction of threat gestures, 

meaning that aggression is prompted abruptly and without “warning”. This suggests a 

deficit in the perception of social stimuli and a problem of inhibiting certain responses 

(Miller 1976). In line with this view it was speculated that the PFC is involved in integrating 

internal information together with information from the external environment to reach the 

highest reward for the subject (Nauta 1971; Öngür and Price 2000). Especially, the role of 

dopamine is important for reward guided behavior mediated by higher neocortical areas 

like the PFC. It was shown that the depletion of dopamine in the PFC of the rhesus 

monkey leads to impairment in a spatial delayed alternation task in which a monkey learns 

to find a reward depending on its spatial location in a time delayed paradigm (Brozoski et 

al. 1979). According to Goldman (1970) the PFC is highly responsible for performance in 

the aforementioned task (Goldman and Rosvold 1970). It was shown that ablation of the 

PFC also leads to impairment in a delayed response task (Jacobsen et al. 1936; Harlow et 

al. 1952).  

 

5.2 Summary – reward system  

These findings indicate that dopamine acting in different neural dopaminergic structures is 

responsible for various kinds of reward processing including perception, expectation and 

learning. These structures are organized in two pathways and involve parts of the limbic 

system like the ventral striatum/nucleus accumbens and the amygdala but also the PFC. 

However, it is reasonable to assume that these two pathways are not acting 

independently from each other. Indeed, it was found that a chemically induced lesion in 

the PFC – as a part of the mesocortical system – induces an enhanced pre- and post-

synaptic mechanism in the mesolimbic system, particularly in the nucleus accumbens, 

possibly indicating a compensatory function in case of losing one system (Pycock et al. 

1980).  

Previously stated reasoning was that persuasive information like organic or light applied to 

a food item influences and changes the value hence the (expected) reward of the item 

(see 3.4). It is then conceivable that organic or light labeling information might activate 

reward-related areas belonging to the mesolimbic or mesocortical system, thus influencing 

associated economic decision making. Subsequently shown fMRI studies are further 

investigating reward-related neural activity. 
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5.3 Imaging of reward-related neural activity  

This section describes several reward-related studies in order to shape hypotheses for the 

conducted experiments with respect to economic decision making and associated neural 

activity of foods labeled organic and light. 

The 1st experiment of this thesis investigated neural correlates of visually perceived and 

monetary evaluated food items labeled either organic or conventional, whereas the 2nd 

experiment of this thesis investigated the neural substrate of gustatory evaluated 

organic/regular or light/regular labeled food stimuli. Moreover, the expected and 

experienced taste in pleasantness and intensity was investigated. Therefore, this section 

is divided into two paragraphs. The first paragraph reviews studies investigating neural 

correlates of reward-perception of food but also non-food items, whereas the second 

paragraph describes studies investigating neural correlates of tasted or smelled stimuli 

and their perceived pleasantness and/or intensity. All studies in the imaging section are 

done with fMRI unless otherwise stated. 

 

5.3.1 Neural correlates of food and non-food stimuli 

In an attempt to disclose neural correlates of visual food perception a general involvement 

of the reward-associated limbic system – including the Amygdala and the hippocampus – 

was shown during the visual perception of food and during comparison of high- (e.g. 

French fries) vs. low-calorie foods (e.g. freshly made salad, fruits) (Killgore et al. 2003). 

However, in comparing appetizing foods (e.g. chocolate cake) to bland foods, (e.g. 

uncooked rice) Beaver et al. (2006) have shown that the ventral striatum was significantly 

more active during visual perception of the delicious foods (Beaver et al. 2006). In 

accordance with this finding a study investigating obese and normal weight persons 

revealed activation in the ventral striatum, OFC and Amygdala in obese individuals when 

comparing pictures of high calorie foods to pictures of cars (Stoeckel et al. 2008). 

Furthermore, in the group analysis of obese vs. normal weights the same areas were 

active during comparison of high- and low-calories food pictures (Stoeckel et al. 2008). 

Importantly, a study involving interviews revealed that obese individuals have an 

increased preference for high-fat food (Rissanen et al. 2002).  

Due to the findings reported in the organic section stating that subjects assign an 

increased value to organic foods in contrast to regular foods (e.g. higher quality, healthier, 

tastier etc.; see above in the behavioral section) the following studies show the neural 

areas in which an increase in perceived value for a certain good can be observed. 

For example, a study investigating neural correlates of preference (subjective values) in a 

shopping task (including DVDs, art prints and electronic equipment) revealed a correlation 

between subjectively stated preference and activity in the ventral striatum (Knutson et al. 

2007). Moreover, it was shown that activity in the ventral striatum increases with expected 

gains and decreases during expected losses (Cooper and Knutson 2008). Finally, 
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Knutson et al. (2005) found a positive correlation between the subjectively stated valence 

of an abstract cue signaling a probabilistic monetary gain and activity in the ventral 

striatum (Knutson et al. 2005).  

 

5.3.2 Neural correlates of tasted or smelled stimuli 

Previous studies investigating neural correlates of olfactory or gustatory stimulus 

perception in the brain found a positive correlation between the subjective pleasantness 

(valence) of a liquid food stimulus and the activity in the medial OFC (mOFC) (De Araujo 

et al. 2003; Kringelbach et al. 2003). Moreover, activity in this region appeared to 

decrease when the stimulus was consumed to satiety – showing evidence for a neural 

correlate of sensory specific satiety (Kringelbach et al. 2003). Negative correlations with 

subjective pleasantness were observed in the lateral OFC and operculum/insula via 

investigating odors (Rolls et al. 2003) and taste stimuli with fMRI (Grabenhorst et al. 

2010). Furthermore, separate neural mechanisms processing the subjective valence and 

intensity of an olfactory or gustatory stimulus have been found (Anderson et al. 2003; 

Small et al. 2003). Andersson et al. (2003) revealed that activity in the amygdala 

correlated with intensity but not with valence of an olfactory stimulus. Valence on the other 

hand was related to activity in the mOFC. Small et al. (2003) found activity in the 

amygdala and middle insula (among others) associated with subjective intensity, whereas 

the OFC was activated by pleasant and the anterior insula/operculum by unpleasant taste. 

Another way to investigate the intensity (fullness in taste) of a food item is to look at the fat 

content. Here, investigating fat perception is of particular interest since the light label 

indicates a decrease in fat (and sugar) content compared to the regular counterpart (see 

13.2). For example, subjective pleasantness ratings of differently flavored fatty stimuli 

were correlated with activity in the ventral striatum and mOFC, whereas ratings of 

subjective fattiness were correlated with activity in the ventral striatum as well 

(Grabenhorst et al. 2010). Similarly, a correlation between activity in the ventral striatum 

and fat content was found (De Araujo and Rolls 2004). Interestingly, intrinsic properties 

like high intensity of an item can lead to stimulus saliency (Downar et al. 2002; Weiner 

2003; Zink et al. 2004). Especially the Striatum was found to play a key role in processing 

salient events (Zink et al. 2003; Zink et al. 2004; Zink et al. 2006). 

All previously mentioned studies investigating olfaction or gustation were performed with 

an actual difference in stimulus content. However, in order to investigate any influence of 

labeling on taste perception it is essential to know if and how the same stimulus can be 

cognitively modulated by persuasive information.  

Previous behavioral studies suggested that expectations play a key role in evaluating 

equal events (Wilson et al. 1989; Klaaren et al. 1994; Lee et al. 2006). For example it was 

shown that the moment of information disclosure of beer additives (before or after tasting) 

can modulate experienced and reported pleasantness (Lee et al. 2006); or the expectation 

about the hilarity of a cartoon can influence its evaluation (Wilson et al. 1989). Indeed, 
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fMRI experiments could also show related effects; for example the same olfactory 

stimulus was rated higher in pleasantness when labeled “cheddar cheese” instead of 

“body odor”; moreover, a positive correlation between the pleasantness ratings and 

activity in the mOFC and Amygdala could be shown (De Araujo et al. 2005). Furthermore, 

the same umami taste stimulus received an increase in pleasantness ratings when 

labeled “Rich and delicious taste” instead of “Monosodium glutamate”. Moreover, a 

positive correlation between pleasantness ratings and activity in the OFC as well as the 

ventral striatum was found (Grabenhorst et al. 2008). Finally, a price increase of 

administered wine was shown to have beneficial effects on reported pleasantness ratings 

and a positive correlation with pleasantness ratings and activity in the mOFC (Plassmann 

et al. 2008). The authors argue that the higher the price of this wine the higher is its 

expected taste. Based on these findings it can be concluded that evoked expectation can 

indeed modulate the experience of the same stimulus. Interestingly, this appears to be 

accompanied by activation of similar neural areas known to be active during processing of 

different stimuli. 

 

5.4 Summary – imaging  

This review shows that there are several particular regions in the brain responsible for 

reward processing for food, non-food, tasted or smelled stimuli which in turn can lead to 

reward-related economic decision making.  

Visually perceived delicious food items – e.g. with higher fat or sugar content – led to 

activity in several brain regions including the amygdala, ventral striatum and the OFC 

whereas subjective preferences (subjective reward) for a non-food item correlated with 

activity in the ventral striatum. 

Neural correlates of pleasantness or intensity of gustatory or olfactory stimuli were found 

mainly in the mOFC for pleasantness and in the ventral striatum, Amygdala and Insula for 

intensity. Dislike associated areas which negatively correlated with subjective 

pleasantness were located in the operculum/insula or the lateral OFC. A descriptive 

overview of the regions given above is shown in Figure 3. Interestingly, activity in the 

ventral striatum correlated positively with increasing fat content which can be seen as an 

increase in taste intensity (“fullness in taste”). However, some of the aforementioned 

regions were also active when there was no difference in actual taste or olfactory content 

and the stimuli were therefore identical except for external information applied; e.g. the 

mOFC/OFC correlated positively with the subjective pleasantness of differently priced 

wines (Plassmann et al. 2008) or descriptions (Grabenhorst et al. 2008). Especially this 

illustrates that persuasive labeling information displayed as organic or light may influence 

economic decision making via reward processing.  
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Figure 3: Coronal section of a human head with an elevated right hemisphere. Colored circles 

show the localization regions involved in reward and reward-related tasks: the OFC (red), the 

ventral striatum (yellow), the amygdala (purple), the insula (green) and the operculum (blue). This 

figure was created with the help of BrainVoyager Brain Tutor (Version 2.5). 
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6. Hypotheses 

The reviewed behavioral findings indicate that organic foods are perceived more positively 

(increase in value) via an increase in perceived health, taste and environmental 

compatibility.  Due to the fact that light foods are defined by a decreased fat and sugar 

content they are seen as less tasty compared to the regular counterpart; an increased fat 

and sugar content led to an increase in perceived liking and intensity.  

On the neural level an increase in subjective value (subjective preference) of visually 

perceived items is coded via an increase in activity in reward-related limbic areas like the 

ventral striatum and the OFC. Investigations of gustatory stimuli showed that an increase 

in perceived intensity resulted in an increase in neural activity in the ventral striatum, 

amygdala and insula; whereas perceived pleasantness correlated positively with the 

OFC/mOFC and negatively with the operculum/insula and lateral OFC. Importantly, 

perceived pleasantness also led to an increase in neural activity in the OFC/mOFC when 

there was only persuasive information supplied (e.g. price, descriptions) but no difference 

in stimulus content. Based on the behavioral and neural findings the following hypotheses 

are formulated.  

 

6.1 General hypothesis 

Organic labeling compared to regular labeling and light labeling compared to regular 

labeling, influences the evaluation of visually or gustatory identical food stimuli. This can 

be observed i) by associated neural correlations in reward-related areas or dislike 

associated regions and ii) by subsequent economic decision making. 

 

6.2 Hypothesis for visually evaluated organic labeled food  

1st experiment 

Due to the fact that an increase in subjective value – which is indicated for organic foods – 

is mainly coded via an increase in activity in reward-related areas like the ventral striatum, 

the following hypothesis is accordingly formulated: 

Organically labeled food is evaluated more positively than visually identical 

conventionally labeled food and this can be seen:  

1. on the behavioral level via increased willingness to pay and 

2. on the neural level with increased activity in the ventral striatum. 
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6.3 Hypothesis for gustatory evaluated organic and light labeled 

food  

2nd experiment 

Organic foods are perceived as better and light foods as lower in taste and intensity. 

Pleasantness correlated positively with activity in the OFC/mOFC and negatively with 

activity in the operculum/insula and lateral OFC whereas intensity correlated positively 

with activity in the ventral striatum, insula and amygdala. Therefore, the following 

hypotheses are formulated. 

1. Organic labeled food is rated higher in expected and experienced taste 

pleasantness compared to regular labeled identical food stimuli. This is 

accompanied by an increase in reward related areas like the mOFC or ventral 

striatum or by a decrease in dislike related areas like operculum/insula or the 

lateral OFC during taste experience.  

2. Light labeled food is rated lower in expected and experienced taste pleasantness 

and intensity compared to regular labeled identical food stimuli. This is 

accompanied by a decrease in reward related areas like the mOFC or ventral 

striatum or by an increase in dislike related areas like operculum/insula or the 

lateral OFC during taste experience.  

3. Correlations during taste experience are expected with pleasantness ratings in the 

mOFC and with intensity ratings in the Amygdala, Insula and Ventral striatum. 
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7. Organic labeling influences food valuation and choice 

 

7.1 Abstract 

Everyday we choose between a variety of different food items trying to reach a decision 

that fits best our needs. These decisions are highly dependent on the context in which the 

alternatives are presented (e.g. labelling). We investigate the influence of cognition on 

food evaluation, using an fMRI experiment in which subjects saw and bid on different 

foods labeled with (or without) a widely known German emblem for organically produced 

food. Increased activity in the ventral striatum was found for foods labeled “organic” in 

comparison to conventionally labeled food. Between subject differences in activity were 

related to actual everyday consumption behavior of organic food. 12  

 

7.2 Introduction 

Everyday we choose between a large variety of different food items trying to reach a 

decision that appears most cogent. Though it is everything but simple to reach a well 

founded decision that optimizes our outcome for satiety, health and economic expenditure 

(to name a few) we quickly manage to integrate all item related properties into a 

seemingly plausible decision. According to modern theories of cognitive psychology this is 

accomplished by a fast affective implicit system, which assembles all available information 

at once in order to reach a quick decision (Epstein 1994; Chaiken and Trope 1999). This 

implicit information are associations with individual feelings of reward or punishment that 

can be obtained by intrinsic scales like “trustworthiness” or “goodness” (Slovic et al. 2002) 

Recently, it has been shown that linguistic contextual information (“Rich and delicious 

taste” vs. “Monosodium glutamate”) is able to change the reported and experienced 

pleasantness of the same delivered liquid food stimulus (Grabenhorst et al. 2008). This 

was demonstrated by different pleasantness ratings as well as by an increased activity in 

the orbitofrontal cortex (OFC) and in the ventral striatum (VS) during the “Rich and 

delicious” word-label. Similarly Plassmann et al. (2008) showed that an indicated increase 

in price of an administered wine could also increase the reported and experienced 

pleasantness of the same stimuli (Plassmann et al. 2008). We use the national German 

eco label ('Bio-Siegel') for organically produced food as labelling information13. Specifically 

we expect that this emblem conveys positive information hence leading to an involvement 

of the subcortical dopaminergic reward system.  

                                            
12 Article published in Neuroimage (Linder et al. 2010) 
13 The eco label was introduced in 2001 for products from organic farming that complies with the 
provisions of the European Union Organic Farming Regulation (see: http://www.bio-
siegel.de/english/basics/the-national-bio-siegel) 
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Food related health issues like eating disorders (e.g. obesity, anorexia, and bulimia) or the 

decision between differently produced products are a very prominent subject of social 

concern and produce high economic costs. Therefore the understanding of mechanisms 

underlying food choices is an important topic especially in western societies. 

Previous studies investigating food preferences have shown that the ventral striatum is 

involved during: anticipation of a pleasant primary taste reward (O'Doherty et al. 2002); 

visual inspection of preferred foods in healthy (appetizing vs. bland foods) (Beaver et al. 

2006) and obese (high vs. low-fat foods) (Stoeckel et al. 2008) individuals; and processing 

of fat content (De Araujo and Rolls 2004). In contrast to these studies, we investigate the 

effect of a recently started food campaign aiming at seemingly rational and health related 

aspects 

We hypothesize that organically labeled food is evaluated more positively than 

conventional food and that this preference can be seen i) on the behavioral level via 

increased WTP and ii) on the neural level via increased activity especially in the ventral 

striatum. Further, we expect positive correlations between individual attitudes related to 

health and environmental aspects with brain activity during evaluation of organically 

labeled food. 

 

7.3 Materials and methods 

7.3.1 Subjects 

35 healthy, right handed participants were subjected to fMRI-scanning. Standard 

exclusion criteria like metal implants or psychological disorders were applied. Five 

participants had to be excluded from the analysis due to problems with the video goggles 

which led to visual impairment during scanning. The data of the remaining participants (15 

men and 15 women mean age 26.03; range 23-38) was used for the fMRI-analysis. The 

study was approved by the local ethic committee. 

 

7.3.2 Stimuli 

Subjects saw 40 different food items (twice each) inside the scanner (80 total items). A 

typical – everyday – variety of foods (eg. bread, eggs, milk; Table 1) were selected which 

are regularly available in both organic and conventional forms. Debriefing revealed that 

the participants were highly familiar with the presented foods.  
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Table 1: Average bidden prices and corresponding SD for each shown product. The number of 

items is in brackets. 

Product Average org (€) SD Average conv (€) SD 

Apples (6) 1,77 0,60 1,21 0,55 

Applejuice 1,04 0,49 0,71 0,32 

Applesauce 1,15 0,57 0,76 0,43 

Bananas (3) 1,29 0,61 0,98 0,57 

Bell pepper (2) 1,01 0,53 0,75 0,50 

Bread 1,38 0,60 1,01 0,42 

Bread rolls 1,50 0,61 1,16 0,66 

Broccoli 1,04 0,54 0,71 0,35 

Carrot 1,40 0,67 1,04 0,54 

Cheese 1,33 0,69 0,95 0,46 

Chips 1,21 1,07 0,79 0,54 

Chocolate 1,16 0,45 0,72 0,34 

Lemon, yellow (3) 1,19 0,69 0,83 0,48 

Coffee 2,07 1,60 1,67 1,21 

Corn 0,68 0,36 0,49 0,22 

Cucumber 0,73 0,34 0,50 0,29 

Eggs 1,41 0,48 0,77 0,45 

Flour 0,82 0,43 0,51 0,35 

Pasta 1,00 0,56 0,67 0,32 

Gherkins 0,99 0,60 0,71 0,41 

Granola 1,85 0,98 1,30 0,76 

Gummi bears 1,36 0,82 0,82 0,40 

Ham 1,80 1,09 1,19 0,68 

Honey 1,89 0,76 1,32 0,59 

Ketchup 1,06 0,51 0,80 0,47 

Kiwi fruit (4) 1,18 0,47 0,84 0,41 

Margarine 0,84 0,55 0,56 0,45 

Milk 0,90 0,32 0,62 0,21 

Mustard 0,91 0,63 0,71 0,40 

Orange juice 1,19 0,49 0,79 0,34 

Peas 1,09 0,57 0,71 0,38 

Raspberry Jam 1,50 0,67 1,11 0,47 

Rice 1,41 0,81 0,94 0,49 

Salami 1,55 0,97 0,91 0,61 

Sun flower oil 1,68 0,76 1,12 0,46 

Green Tea 1,30 0,64 0,85 0,38 

Tomato (3) 1,00 0,44 0,71 0,37 

Tomato purée 0,77 0,38 0,51 0,28 

Tortelloni 1,67 0,68 1,27 0,65 

White wine 3,20 1,72 2,24 1,71 

 
Half of the foods had the German organic (org) emblem signalling the organic production 

of that item. The other half – showing exactly the same food pictures – had an artificially 

created logo indicating the conventional (conv) production of that food (Figure 4) (note: 

the food pictures were visually identical in the two conditions, besides the emblem). 

Subjects saw the stimuli inside the scanner via video goggles (Nordic NeuroLab, Bergen, 
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Norway) on a black background and a resolution of 800x600px. The design was 

presented using Presentation© software (NeuroBehavioral Systems Inc.). Before entering 

the scanner, the participant received a brochure about the meaning of the organic emblem 

to ensure a common knowledge about its meaning14. 

 

7.3.3 Task 

Figure 4 shows the timeline of one trial. 

Figure 4: Example trials of the fMRI experiment. Participants saw 40 different products labeled 

either with the organic or the conventional emblem. Consecutively they were asked to state their 

willingness-to-pay for each product. Session length varied between 21 and 26 minutes depending 

on the bid duration.  

Subjects were instructed that the foods combined with the organic logo are of organic 

production, and the foods combined with the artificial logo are of conventional production. 

Participants were asked to fast four hours before the onset of the experiment.  The 

instructions informed subjects that every item in the experiment could be purchased, 

creating a “real purchase situation”. Subjects randomly received food items after the 

experiment (at most 3), according to their bids. Subjects were compensated for their 

participation with a 20 € endowment from which they paid the chosen products according 

to the following bidding rules:  

In order to reveal the exact willingness to pay from each subject for every product we 

designed a bidding process according to a Becker-DeGroot-Marschak auction (BDM-

auction) (Becker et al. 1964; Plassmann et al. 2007). Subjects were instructed to bid their 

                                            
14 see: http://www.bio-siegel.de/service/infomaterialien/download 
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personal value for each product (40 org & 40 conv products) using four buttons (1 = +50 

Cent, 2 = -10 Cent, 3 = toggle by button press between +/-5 Cent (allowing the subject to 

adjust the price precisely up to 5 cent), 4 = Confirm the bid). After each button press, the 

price was updated and presented through the video goggles so that the participants had a 

direct feedback of their input and could adjust their bid accordingly. For the three 

randomly chosen products, a random price was drawn at the end of the experiment. The 

exact price range was unknown to the subjects in order to obtain their real WTP 

(Wertenbroch and Skiera 2002). In order to create a realistic setting the participants were 

informed that there would be no time limit in entering the prices but they were asked to 

give them as fast as possible. Subjects were informed that the prices will be drawn from a 

“reasonable” distribution which mirrors the market price over all products. 

The participants bought a food item if their bid price (b) was higher or equal to the drawn 

price (d) for the randomly assigned product (b ≥ d). If the bid price was lower than the 

drawn price (b < d) the subjects did not buy this item and kept the money. As a direct 

consequence the participants were instructed to bid their exact personal value for each 

item because if they bid less they diminish their chances of getting the product at a “good” 

price. By bidding more they risked paying too much for an item. Therefore the BDM-

auction is the ideal instrument to acquire ones subjective value (Becker et al. 1964). To 

compensate for activations due to button press we counterbalanced the order of the 

buttons across subjects.  

Before the main experiment started, subjects underwent a tutorial, divided into two parts. 

The first part trained them to enter given prices (via button presses) and the second part 

presented four trials in which the subjects should bid for the products presented.  

The main experiment consisted of two trial-variations (Figure 4). We termed one variation 

the “org-trial” (40 food pictures with the organic emblem) and the other “conv-trial” (exactly 

the same 40 food pictures with the artificial emblem). Therefore the only difference 

between the two variations was the organic or conventional label of the food items.  

 

7.3.4 Questionnaires 

To reveal individual determinants leading to organic food purchase we applied three 

questionnaires. The first questionnaire covered environmental concerns (EC), perceived 

consumer effectiveness (PCE), and collectivism (Kim and Choi 2005). The second 

covered questions of food choice (Food Choice Questionnaire) (Steptoe et al. 1995; 

Lockie et al. 2002) including environmental aspects (Lindeman and Vaananen 2000). The 

third was a modified version of the health behavior questionnaire (Grace et al. 2000) – 

e.g. excluding items like “seatbelt use” (see 13.1). We also elicited individual buying 

frequency of organic food (see 13.1). 
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7.3.5 fMRI data aquisition 

We used an echoplanar imaging (EPI) sequence with the following properties: number of 

slices = 31, TR = 2.5s, TE = 45ms, slice thickness = 3 mm and a 90° flip orientation. The 

slices were acquired in an AC-PC orientation, with a FOV of 192 mm and were acquired in 

an interleaved-ascending manner with a standard eight channel head coil. Between 512 

and 632 Volumes were recorded – depending on individual reaction times. The MRI 

scanner was a Siemens (Erlangen, Germany) Avanto with 1.5Tesla field strength.  

Data analysis was performed with SPM5 (Wellcome Department of Imaging 

Neuroscience, Institute of Neurology, London, UK). Slice time scan correction with a 

reference time of TR/2 was used. In order to correct for individual movements – the 

images were realigned to the first volume, spatially normalized on a standard EPI T2* 

template used in SPM5, resampled with 3x3x3m and smoothed with a Gaussian Kernel of 

10 mm.  

 

7.3.6 fMRI data analysis 

We estimated a general linear model (GLM) with the following regressors of interest.  

i) onset picture in the org-trial (org) 

ii) onset picture in the conv-trial (conv)  

iii) onset bid in the org trial (bidorg_onset) 

iv) onset bid in the conv-trial (bidconv_onset)  

v) onset response in the org trial (bidorg_response)  

vi) onset response in the conv trial (bidconv_response).  

vii) movement regressor (6 regressors) 

The onsets were modelled with a stick function and convolved with the canonical 

hemodynamic response function; including time-derivatives. A voxelwise correction for 

non-sphericity as well as a high pass temporal filter of 50s was applied to the data. 

In order to investigate the main effect between organic and conventional products the 

onsets at picture presentation were used (i vs. ii = org vs. conv). To examine brain areas 

correlating with the willingness to pay, we performed a parametric analysis with the prices 

bid (price_param) as modulator for picture onset (I and ii). Another way to investigate the 

data is by using a reward prediction error (RPE) model which tracks step by step the 

deviation of reward expectations from actual reward values over time, at the time of 

picture onset (I and ii; pe_param). (Schultz et al. 1997; Sutton and Barto 1998). For 

example a subject values a given food item at 3€ and the predicted value based on 

previous trials was 2€ this trial would result in a positive RPE of 1€. The RPE was updated 

according to the following temporal difference learning algorithm (Weber et al. 2009). 

PEt = Bt – E 

Et+1 = Et + λ * PEt 
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The prediction error adapts the bid amount for a product in a certain trial minus the 

weighted sum of all bids made in the preceding trials. Here, PE represents the prediction 

error, B is the actual bid amount for each product, E is the expected value of each product 

and λ is the learning rate.  

It was shown in a similar bidding task that activity in the ventral striatum could be well 

explained by applying a RPE-parametric modulator (Hare et al. 2008). To find the best fit 

for the data; λ was separately increased from .1 to .9 (increment of .1) for optimization of 

explained variance in the ventral striatum via ROI-analyses (Hare et al. 2008). Therefore, 

the mean beta values for the left and right ventral striatal ROI were extracted and used for 

a t-test vs. 0. (for details of ROI selection see below). Data was explained best when λ 

was set to .9. We used this value for all following analyses. For detailed impact of λ 

variation see Table 2.  

Table 2: Fit of different RPE-models to the data. Contrast of mean beta weights to the null-

hypothesis of no effect. Beta weights were extracted from the ventral striatal ROI (Knutson et al. 

2008) [MNI: (x/y/z): ±12/10/-2] after calculating distinct RPE-models differing in λ (from .1 to .9). 

The best fit is shown in bold. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

ROI / λ T p< (2-sided) 

LH / .1 3.853 .0006 

RH / .1 1.384 .177 

LH / .2 3.798 .0007 

RH / .2 1.294 .206 

LH / .3 3.862 .0006 

RH / .3 1.293 .2064 

LH / .4 4.052 .0004 

RH / .4 1.380 .1781 

LH / .5 4.322 .0002 

RH / .5 1.520 .1395 

LH / .6 4.625 .0000 

RH / .6 1.682 .1033 

LH / .7 4.951 .0000 

RH / .7 1.848 .0748 

LH / .8 5.151 .0000 

RH / .8 2.004 .0545 

LH / .9  5.304 .0000 

RH / .9 2.139 .0411 
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Because we utilized the same pictures in the org and conv condition we finally constructed 

a parametric regressor containing the WTP-difference of the two conditions (diff_param). 

By doing so one might reveal regions responsible for generating increased (or decreased) 

value for an item. 

On first-level we calculated single subject contrasts for org vs. conv, as well as for 

price_param, pe_param and diff_param vs. 0.  

In the second-level group analysis one-sample t-tests over all subjects for org vs. conv 

(k≥10 voxels), pe_param vs. 0 (k≥10 voxels) and price_param vs. 0 (k≥8 voxels) with 

p≤.001 were performed. Furthermore, ROI analysis applying the coordinates for nucleus 

accumbens (NAcc) from independent studies were performed with a 10 mm sphere 

[ventral striatum/NAacc: MNI (x/y/z): ±12/10/-2] (Knutson et al. 2008), each encompassing 

149 voxels with 3x3x3 mm. 

7.4 Results 

7.4.1 Behavioral data 

On average subjects bid 1.30 € (SD, 0.46) for organic and 0.90 € (SD, 0.30) for 

conventional food. The highest bid was 8€ and 95.42% of the bids for organic- and 

93.75% of the bids of conventional foods were higher than 0€. Figure 5 shows that 

subjects stated a 44.34% higher bid for organically grown foods (t(29)=8.17, p<2.56*10-9; 

1-sided t-test). For detailed bidding information on each product see Table 1.  

 

 

 

 

 

 

 

 

Figure 5: Average willingness to pay (WTP) for organically and conventionally produced foods. On 

average subjects bid 1.30 € for organic and 0.90 € for conventional foods resulting in a bidden 

price increase of 44.34% for organically grown foods (t(29)=8.17, p<2.56*10-9; Error bars indicating 

SE.  
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7.4.2 fMRI data 

Whole brain analysis 

Two regions showed increased activity during the presentation of organically labeled food 

in contrast to conventional food: the left ventral striatum [MNI (x/y/z): -6/3/-6] (Figure 6A) 

and right DLPFC [36/33/27] (Figure 6B). We also tested the reverse contrast (conv vs. 

org) which revealed no suprathreshold activations. 

ROI-analysis 

When restraining the analysis to the ROI provided by Knutson et al (2008), the difference 

in activity between organically labeled and conventional food was significant at an FDR 

corrected threshold of p<0.05. Subsequently, for visualisation the peak beta values for 

each subject were extracted from the cluster found during the org vs. conv contrast. 

Figure 6C displays them for the org and conv condition respectively. To visualize the % 

signal change in the two conditions a peristimulus time histogram (PSTH) for the peak 

voxel for every subject was created (Figure 6D).  

Figure 6: The effect of the emblem on brain activity. Statistical parametric map indicating 

increased neural activity in the area of the ventral striatum (A) and in the DLPFC (B) during visual 

inspection of organically in contrast to conventionally framed foods. Whole-brain contrast p≤.001 

(uncorrected); cluster threshold ≥10 Voxels (A=11 Voxels; B=14 Voxels). C, Extracted peak beta 

values for each subject from the ventral striatum.  

D, Average time course for the peak voxel from the ventral striatum for each subject; green line 

indicates the organic and the brown line the conventional condition. Error bars indicating SE. 
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Moreover, we used the mean difference between the org and the conv condition from 4 to 

8 seconds of the PSTH and calculated a correlation with the individual health behavior 

questionnaire (r=.226, p<.051; Kendall-Tau-b; 1-sided t-test), concern for natural food 

ingredients (r=.221, p<.048; Kendall-Tau-b; 1-sided t-test), and organic food buying 

frequency (r=.393, p<.004; Kendall-Tau-b; 1-sided t-test). Other correlations were found 

insignificant – for all correlations see Table 3. To control for false positives we applied the 

Bonferroni-Holm correction for multiple comparisons (Holm 1979); only the correlation with 

organic food buying frequency survived this correction. 

Table 3: Correlations of questionnaires with mean difference between the org and the conv 

conditions from 4 to 8 seconds of the BOLD-Signal PSTH in the ventral striatum. Correlations 

around the significance threshold are marked in italic and significant correlations in bold. 

 

 

 

 

 

 

Parametric analysis 

Examining the influence of the WTP, we found a significant correlation in the ventral 

striatum [0/15/0] (Figure 7). Within the left ventral striatal ROI this contrast survived a FDR 

corrected threshold of p≤.05. For whole brain activity related to WTP see Table 4. 

 

 

 

 

 

 

 

 

 

Figure 7: Statistical parametric map indicating increased neural activity in the area of the ventral 

striatum which correlated with WTP (p≤.001 (uncorrected); cluster threshold ≥8). 

 

 

Questionnaire r= p< (1-sided) 

EC -.133 .1576 

PCE -.043 .3729 

Health (FCQ) .002 .4928 

Weight control (FCQ) .027 .421 

Natural content (FCQ) .221 .0476 

Animal welfare (FCQ) .072 .2995 

Environmental protection (FCQ) -.133 .1576 

Health behavior  .226 .0505 

Organic buying frequency  .393 .0037 
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Table 4: Regions that correlated with WTP (p≤.001 (uncorrected); cluster threshold ≥8) 

WTP Z / Voxel x y Z 

L superior frontal gyrus 4.47 / 38 -21 66 18 

L middle frontal gyrus 4.15 / 26 -30 36 51 

L superior temporal gyrus 4.14 / 12 -66 -45 9 

L paracentral lobule 4.10 / 19 -12 -39 63 

L middle temporal gyrus 3.91 / 11 -57 -42 -15 

L middle frontal gyrus 3.89 / 18 -36 51 0 

Ventral Striatum  3.75 / 8 0 15 0 

L superior frontal gyrus 3.75 / 13 -15 27 48 

L superior frontal gyrus 3.67 / 17 -45 15 54 

R frontal lobe sub gyral 3.61 / 13 24 9 33 

R supramarginal gyrus 3.56 / 12 39 -54 27 

Precuneus 3.50 / 9 0 -57 51 

 

To investigate if the activity in the ventral striatum during the org vs. conv contrasts 

represents a positive vs. a negative deviation from the mean price expectation for the 

presented products thus far; we applied a reward prediction error model to the data. 

Indeed we found a significant correlation with the RPE in the bilateral ventral striatum [-

6/12/0] and [12/0/3] (Figure 8).  

 

 

 

 

 

Figure 8: Statistical parametric map indicating increased neural activity in the area of the ventral 

striatum which correlated with RPE (p≤001 (uncorrected); cluster threshold ≥10). 

This activity survived the FDR correction of p≤.05 within each ventral striatal ROI. For 

whole brain activity related to RPE see Table 5, for activity related to the WTP-difference 

regressor see Table 6.  
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Table 5: Regions that correlated with RPE (p≤001 (uncorrected); cluster threshold ≥10) 

RPE Z / Voxel x y Z 

R precuneus 5.41 / 44 12 -39 45 

L Ventral Striatum 5.02 / 170 -6 12 0 

R Ventral Striatum 4.23 / 170 12 0 3 

L inferior frontal gyrus 4.48 / 86 -48 3 33 

R middle temporal gyrus 4.38 / 24 51 -3 -15 

L paracentral lobule 4.30 / 39  -15 -36 57 

R middle frontal gyrus 4.27 / 53 45 0 42 

L middle temporal gyrus 4.10 / 13 -54 -42 -18 

L superior frontal gyrus 3.80 / 21 -24 63 21 

R medial frontal gyrus 3.72 / 13 9 18 48 

R anterior cingulate 3.69 / 19 12 42 12 

L medial frontal gyrus 3.68 / 12 -12 48 6 

L precunus 3.55 / 17 0 -63 45 

R medial frontal gyrus 3.52 / 15 3 -3 54 

L medial frontal gyrus 3.48 / 15 0 39 27 

L cingulated  gyrus 3.46 / 21 0  21 30 

 
 

Table 6: Regions that correlated with WTP-difference (p≤.005 (uncorrected); cluster threshold ≥10) 

Region Z / Voxel x y Z 

R  DLPFC 3.35 / 18 48 27 12 

L Putamen 3.31 / 13 30 -3 -3 

R middle temporal gyrus 3.12 / 13 51 3 -24 

L Insula 3 / 16 -36 9 -9 

L  Striatum 2.88 / 11 -6 9 -3 

Overlapping activity 

To demonstrate the extent of overlap in the region of the ventral striatum, a statistical 

parametric map was created (Figure 9). It depicts the activity from org vs. conv (red), 

price_param- (green) and pe_param vs. 0 (yellow). 
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Figure 9: Statistical parametric map indicating the amount of overlap for the contrast and 

correlation activations in the area of the ventral striatum. Red = org vs. cong; Green = WTP; yellow 

= RPE; brown voxels are indicating the region, where all three regressors were overlapping. 

Whole-brain contrast was set to p≤.003 for visualisation. 

 

7.5 Discussion 

We investigated whether the organic labeling of foods leads to differences in valuation of 

otherwise equal products. Here we used a well-known German organic emblem as food 

related information. The results showed that the organic labeling of foods leads to a higher 

preference portrayed by a higher willingness to pay (WTP) and an increased activation in 

the ventral striatum. Furthermore a correlation between activity in the latter and 

individually obtained WTP and reward prediction errors was shown. 

The presented data is consistent with previous studies showing that preferences, 

especially including preferences for foods, are indeed related to increased neural activity 

in the ventral striatum. Beaver et al. (2006) found that perception of appetizing (sweets) 

vs. bland (e.g. potatoes) foods leads to increased neural activity in the ventral striatum 

and this activity could also be predicted by individual differences in reward drive (Beaver 

et al. 2006). It was also shown that perception of high calorie- compared to low-calorie 

foods leads to a increased reward system activation (including the ventral striatum) in 

obese compared to normal weight individuals (Stoeckel et al. 2008) with the former having 

an increased preference for high-calorie foods (Mela and Sacchetti 1991; Rissanen et al. 

2002). Finally O´Doherty et al. (2002) and colleagues showed that anticipation of a sweet 

food reward results in higher ventral striatal activity then its subsequent delivery 

(O'Doherty et al. 2002). Similarly, here subjects saw their rewarding food stimuli they 

might possibly obtain after the experiment, eventually leading to anticipation. 

Contrary to rewarding food stimuli like sweets or other palatable high calorie foods we 

used an organic emblem as food label information conveying pretended rational and 

health related aspects. However, we found activity in the ventral striatum suggesting that 

this logo seems to be associated with positive anticipations leading to food affection which 

is processed on a similar rewarding level like e.g. high calorie foods. 



Experiment 1 

 

39 

Our findings also support the results of preceding studies showing that attitudes towards 

organic foods are indeed positive. Alvensleben and Bruhn (2001) reported in a survey 

interviewing 2000 German subjects over a period of 15 years (1984-1999), that the 

motives behind organic food purchase are mainly health and environmental issues (v. 

Alvensleben and Bruhn 2001) indicating that these foods were perceived as healthier and 

more environment friendly. Although we found only weak correlations, who did not survive 

the correction for multiple comparisons, between health behavior, concern for natural food 

ingredients and activity in the ventral striatum, health concern seems to play an important 

part in choosing organic food. This is again underlined by a questionnaire study performed 

with 947 Italian subjects in which besides health and environmental concern, a perceived 

increase in nutritional value and taste for organic food is reported (Saba and Messina 

2003). Studies in different countries provide additional support for the claim that health 

concerns are a fundamental motive for organic food choice (Schifferstein and Ophuis 

1998; Baker et al. 2004).  

Crucially, we also observe a correlation of ventral striatal activity for organic food and 

organic buying frequency, indicating that people who respond more strongly to the 

presentation of organic food actually do purchase it more often. Subjects who frequently 

consumed more than two to four servings of organic bread per day also liked it more after 

a health or an environmental information for the organic product was given (Annett et al. 

2008).  

Our study suggests that health and organic buying behavior is an aspect of organic food 

valuation that is related to increased activity in the ventral striatum. The striking difference 

to previous studies is that we found the effects in the ventral striatum utilizing a  real 

market logo as label information conveying seemingly rational and health related aspects 

and not – as reviewed above – rewarding high calorie food stimuli. 

But why is it important that we found increased activity in the ventral striatum in response 

to organically labeled food? Cultural goods indicating wealth and status (sporting and 

luxurious automobiles) (Erk et al. 2002) as well as brands associated with it (Schaefer and 

Rotte 2007) activate similar regions. Our findings that a recently introduced (year 2001) 

food logo paired with different food stimuli activates the sub cortical reward associated 

regions opens a new understanding in the effectiveness of food campaigns for example 

emphasizing the importance of healthy eating.  

It is noteworthy that the artificially created conventional logo may have acted as negative 

label information possibly portrayed by the negative BOLD-Signal for the conv-condition 

depicted in Figure 6C. In accordance, it was shown that also distrust in conventional foods 

may act as a driving force in organic food choice (v. Alvensleben 1998) stressing the 

importance for the subject to thoroughly evaluate the two different food options. 

Obviously, there are no logos in the market who are indicating a conventional production. 

We also observed increased neural activity in the right DLPFC in the organic compared to 

the conventional food condition – possibly indicating the computation of value in this 
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context. Specific food-valuation related evidence comes from findings that after the 

application of repetitive transcranial magnetic stimulation (rTMS) over the right DLPFC 

subjects are bidding less money for the food items presented hence decreasing their 

assigned valuations (Camus et al. 2009). Moreover, in a study also involving food 

evaluations, Plassmann and colleagues (2007) described a correlation between activity in 

the right DLPFC and WTP for conventional junk food items (Plassmann et al. 2007). 

Taken together, it seems likely that the right DLPFC is part of a general valuation system. 

Further studies investigating the specific role of the DLPFC in valuation are clearly 

needed. 

Our data obtained by the reward prediction error-parametric analysis is particularly 

consistent with the study of Hare et al. (2008) (Hare et al. 2008). They used a paradigm in 

which subjects saw and bid on different food items (junk foods) at first outside the 

scanner. Inside the magnet they saw and made a buying decision on the same food items 

labeled with randomly drawn prices. They calculated the RPE by the difference between 

the bid (outside the MR) and the indicated price (inside the MR) and a predicted value 

based on previous trials. When using the RPE as a parametric modulator they found a 

strong correlation to activity in the ventral striatum. Similarly here we find a correlation 

between the RPE and activity in the same region.  

It is conceivable that because of the increased valuation for organic vs. conventional 

foods subjects on average had a larger positive RPE during the organic than during the 

conventional trials. Thus it is possible that the activity in the ventral striatum for organic 

versus conventional foods reflects an RPE signal.  

Deduced from this assessment it can be speculated that the activity in the ventral striatum 

reflects the reaction to a conditioned incentive stimuli. Previous studies showed that the 

ventral striatum plays a role in conditioned behavior (Cardinal et al. 2002; Everitt and 

Robbins 2005). This would be in agreement with our results obtained by the correlation 

with the RPE which has often been used in fmri-studies investigating conditioning effects, 

especially in the striatum (McClure et al. 2003; O'Doherty et al. 2003; Bray and O'Doherty 

2007). 

Concerning the WTP-parametric analysis our results are in agreement with the findings 

from Knutson et al. (2007) in addressing the question of which brain areas are correlating 

with the individual bidding amounts. They observed a strong positive correlation between 

the bilateral activity in the ventral striatum and personal stated preference for each 

product (Knutson et al. 2007). Here, we also detected a positive correlation between the 

individually entered WTP and activity in the ventral striatum. It is conceivable that the 

WTP might act as a personal surrogate for preference, thus encoding the individual liking 

of each product. It is interesting though, that we did not find activity in the mOFC 

correlated with individual WTP as published in previous studies (Plassmann et al. 2007; 

Hare et al. 2008; Chib et al. 2009). A possible explanation for this lack of activity in the 

mOFC is that our slice orientation might not have been optimized for activity detection in 

the OFC. Here we used a standard AC/PC slice tilt orientation, other orientations have 
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been suggested to improve the signal-to-noise ratio especially in the OFC (Deichmann et 

al. 2003; Weiskopf et al. 2006). This fact might also explain why we did not find activity in 

the mOFC during the org vs. conv contrast nor via ROI-analyses, as it has been found in a 

similar cognitive modulation task (Grabenhorst et al. 2008). However, it is known that the 

ventral striatum receives information from the mOFC (Ferry et al. 2000) as well as from 

the insula (Fudge et al. 2005). Thus the cognitive modulation due to the label may have 

been initiated in the OFC and subsequently activated the ventral striatum. The insula may 

not have played a relevant role in this task given the increased amount of money bid for 

organic foods.  

Finally, we addressed the possible confound that the colored organic emblem by itself 

induces activity in the ventral striatum because it may appear more visually salient then 

the gray non-organic logo. Previous studies have shown that salience leads to activations 

in the ventral striatum independent from value; e.g. infrequent appearance of a flickering 

distractor (Zink et al. 2003) or an unexpected tone (Zink et al. 2006) during an ongoing 

task. However, overlapping contrast and correlation activations in the ventral striatum 

depicted in Figure 9 demonstrate the unlikelihood of reward independent salience being 

solely responsible for the activation found.  

Taken together, our data demonstrates that the organic labeling of foods leads to an 

increased activity in the ventral striatum and a higher willingness to pay. The activity in the 

ventral striatum during food evaluation is also related to individual valuation and organic 

food buying frequency. A better understanding of the effects of food labeling on valuation 

and consumer decisions might help to improve a social and political environment assisting 

consumers in their decision process (e.g. “ample-signaling of foods”). 

 

Acknowledgement: The study was supported by the SFB/TR3. 
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8. Labeling influences gustatory food valuation and 

choice 

 

8.1 Abstract 

The impact of marketing on consumer behavior is well-known and ubiquitously utilized. 

However, little is known about the neural substrate through which marketing-actions 

influence decisions. Here, we show in two separate studies that two real-market labels for 

light- and organic- food can specifically enhance or dampen two known characteristics of 

the same food – intensity and valence. We found that light-foods are perceived less in 

intensity and organic foods increased in pleasantness of taste compared to their 

respective regular counterpart. Moreover, changes in blood-oxygen-level-dependent 

(BOLD) signal correlating with individually reported intensity or valence were found in the 

ventral striatum, amygdala and insula as well as in the medial orbito- and medial 

prefrontal-cortex (mOFC, mPFC), respectively. Consistent with literature on obesity, foods 

labeled low-fat may signal not only a decrease in calorie content but also less flavor 

intensity, thus leading to overeating. 15  

 

8.2 Introduction 

The taste of a food item is very subjective and an inherent marker of quality. Therefore, 

eating pleasant-tasting food is vital for survival. According to classic economic theories 

experienced utility (pleasure or displeasure) depends only on the composition of the good 

and the state of the consumer(Kahneman et al. 1997). This means that a subject in a fixed 

state does not alter his/her taste experience if only the surrounding context changes. 

However, recent studies suggest that taste is easily manipulated by marketing actions. 

Plassmann et al. (2008) showed that increases in prices can heighten the experienced 

pleasantness of administered wine;  they tracked this effect to the mOFC (Plassmann et 

al. 2008). Lee et al. (2006) demonstrated that information of beer ingredients affect 

expectation as well as experienced and reported pleasantness (Lee et al. 2006). 

Moreover, several studies have suggested that taste can further be subdivided into two 

separate characteristics – intensity and valence, each recruiting two discrete neural 

networks (Anderson et al. 2003; Small et al. 2003). The intensity taste characteristic 

activates regions like the amygdala, insula, and ventral striatum, whereas the valence 

characteristic activates prefrontal and orbitofrontal regions (Anderson et al. 2003; De 

Araujo et al. 2003; Kringelbach et al. 2003; Small et al. 2003; Grabenhorst et al. 2008; 

Grabenhorst et al. 2010). 

                                            
15 Article in preparation 
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In the face of ubiquitously applied food marketing it is surprising that nothing is known 

about how labeling affects neural responses of taste independent of pricing. Here, we 

investigate this question by two separate experiments employing two labels for light and 

organic foods, respectively. 

Investigating food labeling is an extremely relevant topic since it is directly linked to buying 

and eating behavior, personal health and social health costs. Given the increasing obesity 

epidemic a deeper understanding of how food labeling can influence taste and 

subsequent behavior may be of vital importance. 

In an online pretest to reveal associations with light and organic food we found that 

organic products are being associated with high quality and tastiness, light products were 

associated with fewer calories, less fat and they received low ratings on tastiness and 

flavor intensity. We hypothesized for light compared to regular labeled food a decrease in 

expected and perceived pleasantness and intensity ratings. For organic compared to 

regular labeled food we hypothesized an increase in expected and experienced taste 

pleasantness. During tasting this should be accompanied by an increase in reward-related 

(e.g. regular vs. light; organic vs. regular) areas like the ventral striatum/mOFC (De Araujo 

et al. 2003; Kringelbach et al. 2003; Grabenhorst et al. 2008) or aversion-related (e.g. light 

vs. regular; regular vs. organic) areas as the lateral OFC (lOFC) and operculum/insula 

(Rolls et al. 2003; De Araujo et al. 2005; Grabenhorst et al. 2010). Moreover, changes in 

BOLD-signal with intensity-ratings in areas like the ventral striatum, amygdala and insula 

and with liking-ratings in areas like the medial orbitofrontal were hypothesized. 

Additionally we assumed that an increase in perceived intensity may be mirrored by an in 

increase in perceived saliency. Previous work has assessed that increased intensity may 

indeed reflect an increase in saliency (Downar et al. 2002; Weiner 2003; Zink et al. 2004), 

and was found to be processed in the striatum and ventral striatum (Zink et al. 2003; Zink 

et al. 2004; Zink et al. 2006; Cooper and Knutson 2008). Though we did not measure 

saliency directly in our design a possible interpretation is presented in the discussion 

section.  

Our results (shown below) support the stated hypotheses; furthermore in an analysis 

across both studies we found correlations with intensity ratings in the ventral striatum, 

amygdala and insula and with pleasantness ratings in the mOFC and mPFC. The findings 

indicate that real-market labels can effectively evoke expectation and therefore influence 

the actual taste sensation. Moreover, the results across both datasets suggest that 

changes in intensity and valence activate similar regions over label treatment. 

The influence of labeling a food stimulus light, organic or regular on food perception was 

investigated by fMRI. 58 human subjects were randomly assigned to two independent 

scanning experiments investigating light and regular (Light-group) or organic and regular 

(Organic-group) labeling – resulting in 29 subjects per experiment. Before entering the 

scanner, subjects had to rate the expected intensity and pleasantness of the labeled milk-

drinks; the task was counterbalanced in respect to flavor and label. As taste stimuli we 

used regularly available chocolate and vanilla mixed milk-drinks plus a neutral tasting 
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rinse solution. Subjects were told that inside the scanner they would sample four different 

milk-drinks– depending on the group – either chocolate/vanilla light and regular (Light-

group) or chocolate/vanilla organic and regular (Organic-group), resulting in four different 

trials per group. The crucial manipulation was that there were actually only two different 

taste stimuli – chocolate and vanilla, thus unbeknownst to the subjects only the label 

changed but the taste stimulus remained the same. In order to reveal regions correlating 

with expectancy subjects saw – prior to administration – which milk-drink they would 

subsequently receive (e.g. vanilla light). After a short delay the taste stimulus together 

with the label was administered, followed by either intensity or pleasantness rating and 

rinsing with a neutral tasting solution (Figure 10A). 

 

8.3 Materials and Methods 

8.3.1 Subjects 

 A total of 63 subjects, 30 females, healthy, non-smoking & right-handed subjects (aged 

18-42, mean 24.14 years) participated in the study. Five subjects were excluded because 

two experienced problems with the equipment during scanning, one revealed that she 

smoked right before the experiment, one reported very strong personal aversion against 

organic foods in general during debriefing and one was concerned that he might ingest 

something noxious inside the scanner. 

 

8.3.2 Stimuli 

As taste stimuli we utilized easily available regular chocolate and vanilla powder (Kaba®; 

Kraft Foods Inc.) as well as fat reduced milk (UHT, 1.5% fat). The chocolate and vanilla 

milk mixture consisted of 19g of vanilla and 24.5g chocolate powder dissolved in 300ml of 

milk. These amounts were taken to ensure a sufficient taste experience inside the 

scanner. As a rinse solution we applied a neutral tasting solution consisting of KCL and 

NaHCO3 as the main ionic components of human saliva (Francis et al. 1999; O'Doherty et 

al. 2002)16. The amount of liquid of the stimuli and the neutral taste solution were each 

0.75ml. As labeling information for the light-group the internationally applied light label 

'Bewusst-Wählen' ('Healthy Choice') was used signalling a reduction in fat and sugar17. 

For the Organic Group we utilized the national German eco label 'Bio-Siegel' for 

organically produced food meaning (among others) the abandonment of pesticides in the 

food production chain18. Before entering the scanner subjects were subjected to the 

                                            
16 As concentrations we used 5,4mM KCL and 11,9mM NaHCO3 in distilled water. 
17The ‘bewusst-wählen’ label was introduced in 2006 for products which are produced by an 
internationally recognized standard for light-foods. It is currently in use in over 50 countries (see: 
http://www.choicesinternational.org) 
18The eco label was introduced in 2001 for products from organic farming that complies with the 
provisions of the European Union Organic Farming Regulation (see: http://www.bio-
siegel.de/english/basics/the-national-bio-siegel) 
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original label emblems. However, inside the scanner only written information for the labels 

– namely “Light” and “Bio” (Organic) – was used. This was necessary because our pretest 

revealed that subjects were only familiar with the organic but not with the light logo. 

 

8.3.3 Task 

Pre-scanning task 

Before entering the scanner subjects were randomly assigned in two groups (Light-group 

or Organic-group), seated and received information about the subsequent scanner task 

and the meaning of light and organic products in this experiment. Subjects were also 

given two glasses of milk (200ml) and two differently labeled chocolate and vanilla powder 

boxes. The boxes were labeled light and regular (Light-group) or organic and regular 

(Organic-group); the label was counterbalanced to the taste (i.e. vanilla regular and 

chocolate light). While reading the instructions subjects were asked to state their expected 

taste (intensity or liking) and desire to drink either an organic-/light- or regular-drink 

depending on the group (scale from 1 to 9; 1=not at all, 9 =very much). Additionally they 

gave an estimate on how much they would want to consume of the respective drink (scale 

from 0% to more than 200%). Finally they were asked to mix their own drink (i.e. vanilla 

regular and chocolate light) with as much powder as they wanted. For detailed information 

on subject instructions please see 13.2 in this thesis. 

Scanning task 

Before the experiment started subjects underwent a short tutorial where they practiced 

entering taste ratings with the appropriate buttons. Subjects were instructed that inside the 

scanner they would randomly receive four different milk-drink food stimuli. Light-group: 

light chocolate, regular chocolate, light vanilla or regular vanilla; Organic-group: organic 

chocolate, regular chocolate, organic vanilla or regular vanilla. However – unbeknownst to 

the subjects – only the label differed but the actual taste stimulus stayed the same – i.e. it 

was always the same chocolate- or vanilla-drink. In order to grasp the two fundamental 

dimensions associated with taste, subjects were asked to rate the administered stimuli on 

intensity and liking. They were also informed that five tubes (four for each milk-drink and 

one for the rinse-solution) led into the scanner in turn connected to a pumping system 

controlled by the computer. However, unknown to the subjects only three tubes were 

operational. Subjects were instructed to hold the tip of the tubes between their teeth to 

receive the stimuli. Figure 10A shows the timeline of events. At the beginning of one trial 

subjects saw the taste stimulus they would subsequently receive (announcing). After a 

short delay the announced stimulus was delivered – together with the respective label – 

and the subjects were instructed to move the delivered drink around the tongue until cued 

to swallow. Subsequently either a liking or an intensity rating followed. The trial was 

concluded by rinsing and swallowing the rinse solution. 
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Post scanning questionnaires 

At the end of the experiment subjects of both groups filled out online questionnaires: the 

“Three factor eating questionnaire” (Stunkard and Messick 1985), German version (Pudel 

and Westenhöfer) and buying frequency of light and organic foods (see 13.1).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10A: time lines of different tasks of the experiment  

Figure 10B: typical trial structure; visual announcing, subsequent taste stimuli as well 

as the rating (intensity or liking) were completely randomized within subjects. 

 

8.3.4 fMRI data acquisition 

The following echoplanar imaging (EPI) sequence was used: number of slices = 31, TR = 

2.5s, TE = 45ms, slice thickness = 3 mm, 10% gap and 90° flip orientation. The slices 

were acquired in an AC-PC orientation, with a FOV of 192 mm and were acquired in an 

ascending manner with a standard eight channel head coil. Between 697 and 792 

volumes were recorded – depending on individual reaction times. The MRI scanner was a 

Siemens (Erlangen, Germany) Avanto with 1.5 Tesla field strength.  

Data analysis was performed with SPM8 (Wellcome Department of Imaging 

Neuroscience, Institute of Neurology, London, UK). In order to correct for individual 

movements – the images were realigned to the first volume, spatially normalized to MNI 

(Montreal Neurological Institute) EPI template, resampled with 3x3x3m and smoothed with 

a Gaussian Kernel of 8 mm. 
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8.3.5 fMRI data analysis 

We analyzed the fMRI data using different basic general linear models (GLM). 

Model 1 (within group) 

The first model compared the effects of label on taste processing in the two data sets 

separately (Light-group, Organic-group). The data analysis proceeded in three steps. 

First, we estimated a general linear model with 128s high pass temporal filter, with an 

autoregressive function (AR(1)) and the following independent variables for each of the 

subjects.  We modeled this independently for both data sets (=single data set analysis). 

(R1) I@ light/organic label presentation during chocolate milk trials  

(R2) I@ regular label presentation during chocolate milk trials 

(R3) I@ light/organic label presentation during vanilla milk trials 

(R4) I@ regular label presentation during vanilla milk trials 

(R5) I@ light/organic label tasting during chocolate milk trials  

(R6) I@ regular label tasting during chocolate milk trials 

(R7) I@ light/organic label tasting during vanilla milk trials 

(R8) I@ regular label tasting during vanilla milk trials 

(R9) I@ light/organic label swallowing during chocolate milk trials  

(R10) I@ regular label swallowing during chocolate milk trials 

(R11) I@ light/organic label swallowing during vanilla milk trials 

(R12) I@ regular label swallowing during vanilla milk trials 

(R13) I@ liking rating  

(R14) I@ intensity rating 

(R13) I@ rinsing  

(R14) I@ swallowing the rinse solution 

(Eight regressors of no interest R9 – R14) 

(R15) Session constant 

The regressors that capture the tasting of the milk shakes were modeled using box car 

functions with a 10s duration. The regressors for all other events were modeled using 0s 

stick functions aligned to the onset of the event. Each of the regressors was convolved 

with a canonical hemodynamic response function (HRF).  

Second, we calculated the following first-level single-subject contrasts of interest:   

(1) anticipation of tasting regular minus light/organic labeled milk shakes (R2/4-R1/3) and 

vice versa 

(2) tasting regular minus light/organic labeled milk shakes (R6/8-R5/7) and vice versa 

Third, on second level single subject contrasts were analyzed within group and subjected 

to a one-sample t-test vs. 0. 
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Model 2 (parametric model) 

The second model investigated which brain areas correlated with the magnitude of taste 

pleasantness and intensity during anticipation and tasting in both data sets. The data 

analysis proceeded in four steps: 

First, we estimated a general linear model with 128s high pass temporal filter, AR(1) and 

the following independent variables for each subject. We modeled this independently for 

both data sets. 

(R1) I@ label presentation during chocolate milk trials,   

(R2) I@ label presentation during chocolate milk trials * updated pleasantness rating,   

(R3) I@ label presentation during chocolate milk trials * updated intensity rating, 

(R4) I@ label presentation during vanilla milk trials,   

(R5) I@ label presentation during vanilla milk trials * updated pleasantness rating,   

(R6) I@ label presentation during vanilla milk trials * updated intensity rating,   

(R7) I@ label tasting during chocolate milk trials , 

(R8) I@ label tasting during chocolate milk trials * pleasantness rating, 

(R9) I@ label tasting during chocolate milk * intensity rating, 

(R10) I@ label tasting during vanilla milk trials, 

(R11) I@ label tasting during vanilla milk trials * pleasantness rating, 

(R12) I@ label tasting during vanilla milk trials * intensity rating, 

(R13) I@ swallowing during chocolate milk trials, 

(R14) I@ swallowing during vanilla milk trials, 

(R15) I@ pleasantness rating  

(R16) I@ intensity rating 

(R17) I@ rinsing  

(R18) I@ swallowing the rinse solution 

(Six regressors of no interest R13 – R18) 

(R19) Session constant 

The regressors that capture the tasting of the milk shakes were modeled using box car 

functions with a 10s duration. The regressors for all other events were modeled using 0s 

stick functions aligned to the onset of the event. Each of the regressors was convolved 

with a canonical hemodynamic response function (HRF). Since we only had intensity and 

pleasantness ratings for half of the trials we compensated for that by entering the mean of 

the respective condition. 

To model the expected value as a parametric regressor during anticipation (R2, R3, R5, 

R6) we utilized the ratings from the previous trial in the same condition (t-1). Then ratings 

were stepwise updated via a temporal difference learning model (Weber et al. 2009) with 

different learning rates ranging from 0.1 to 0.9 (increment of .1) to calculate the expected 

value for each trial. 

PEt = Bt – Et 

Et+1 = Et + λ * PEt 
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The expected value is the weighted sum of all ratings made in the preceding trials. E is 

the expected value, PE represents the prediction error, B is the actual rating for each taste 

and λ is the learning rate. 

Second, we calculated the following first-level single-subject contrasts of interest:   

(1) anticipation of tasting parametrically modulated by updated pleasantness ratings  

(R2/R5)  

(2) anticipation of tasting parametrically modulated by updated intensity ratings  (R3/R6)  

(3) tasting parametrically modulated by pleasantness ratings  (R8/R11)  

(4) tasting parametrically modulated by intensity ratings  (R9/R12)  

Third, for the second level contrast we chose two separate parametric analyses. The first 

was done across both data sets and the second was performed within group.  

For the analysis across both data sets during tasting we combined the parametrically 

modulated tasting first-level single-subject contrast (R8/R11 and R9/R12) for the second-

level analysis across both data sets and subjected them to a one-sample t-test vs. 0.  

For the analysis within group during the anticipation period we combined the 

parametrically modulated anticipation first-level single-subject contrasts (R2/R5 and 

R3/R6) – due to the differently employed learning rates – only within group and subjected 

them to a one-sample t-test vs. 0.  

In several taste experiments taste as a function of pleasantness was found to be coded 

mainly in the mOFC/mPFC whereas flavor intensity was found in the ventral Striatum, 

amygdala and insula (Anderson et al. 2003; Kringelbach et al. 2003; Grabenhorst et al. 

2008; Plassmann et al. 2008; Grabenhorst et al. 2010); suggesting there might be 

dissociation between pleasantness and intensity; moreover it has been proposed that 

expected value is coded in the same/related areas as the pure reward magnitude (Breiter 

et al. 2001; Rolls et al. 2008). Because the true learning rate is unknown (we do not have 

behavioral data on which to determine the individual learning rate) we changed λ in both 

data sets to optimize activity in the ventral striatum, amygdala or insula and in the OFC. 

Due to our hypotheses that light compared to regular labeling should decrease the 

expected pleasantness and intensity we looked for a correlation with expected 

pleasantness and intensity ratings in the light-group (p<.001, k≥5). In the organic group 

we hypothesized an increase in expected pleasantness for organic labeled food thus we 

looked for a correlation with expected pleasantness ratings in the organic-group (p<.001, 

k≥5). In the light-group several λ (.4-.9) led to an explanation of increased activity in the 

region of the ventral striatum with the expected intensity ratings. Therefore in accordance 

with our assumption that intensity is reflecting salience which was found to be processed 

in the ventral striatum (Zink et al. 2003; Zink et al. 2004) the mean beta values for the left 

and right ventral striatal ROI were extracted and used for a t-test vs. 0 (Hare et al. 2008; 

Linder et al. 2010) using the coordinates from a previous study investigating salience 

(6mm sphere; MNI: (x/y/z): ±12/8/-8)  (Zink et al. 2003). Data was explained best when λ 

was set to 0.7. In the Organic Group only a λ of .1 led to increased activity in the OFC with 
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the expected pleasantness ratings at the designated threshold. For detailed impact of λ 

variation in the light-group see Table 7. 

Table 7: Impact of λ variation in the light-group. Mean beta weights from the ventral striatal ROI 

(Zink et al. 2003) were extracted and subjected to a t-test vs. 0 [6mm sphere; MNI: (x/y/z): ±12/8/-

8]. The best fit is presented in bold. 

 

 

 

 

 

 

All regions reported in the within group analysis survive a threshold of p<.001, k≥5 voxels 

unless otherwise stated. The analysis across both data sets was evaluated at a threshold 

of p<.005, k≥8 voxels. Based on prior hypotheses we used small volume corrections in 

regions of the OFC, insula, amygdala and in the ventral striatum in which previous studies 

have found activations investigating taste and flavor or salience (Anderson et al. 2003; 

Kringelbach et al. 2003; Rolls et al. 2003; Small et al. 2003; Zink et al. 2003; Grabenhorst 

et al. 2008; Grabenhorst et al. 2010). If previous studies reported unilateral activations, 

spheres were tested bilaterally. For small regions like the Amygdala or the Ventral 

Striatum we used small spheres with a radius of 6mm; for all other regions we used a 

radius of 8mm corresponding to our FWHM smoothing kernel. Prior hypothesized regions 

should meet at least either of the following criteria: i) surviving p<.001 (unc.) and ii) 

surviving small volume correction at peak and cluster level. 

 

8.4 Results 

8.4.1 Behavioral data 

Pretest 

A pretest (N=65) revealed that associations with organic products are mainly to be of high 

quality, healthy, and tasty. Light products were evaluated to have fewer calories, to 

contain less fat and to be healthy; moreover they received low ratings on tastiness and 

flavor intensity. The original light label was – contrary to the organic emblem – unfamiliar 

for most of the subjects; we therefore refrained from using the original emblems in the 

experimental design (see 8.3.2).  

All subsequently shown error bars in 8.4.1 are indicating SE. 

λ T p< (2-sided) 

.4 2.009 .054 

.5 2.125 .043 

.6 2.182 .038 

.7 2.183 .038 

.8 2.135 .042 

.9 2.056 .049 



Experiment 2 

 

51 

Pre-scanning  

Expected Liking: An effect was found for light vs. regular label, t(28)=-1.72, p<.05; and for 

organic vs. regular label, t(28)=1.99, p<.05. We also found an effect on expected liking for 

light vs. organic label, t (56)=-3.03, p<.005 (Figure 11A). 

 

 

 

 

 

 

 

 

 

 

Figure 11A: Effect of label on expected liking ratings given by the subjects. 

Expected Intensity: An effect was found for light vs. regular label, t(28)=-4.34, p<.001; but 

not for organic vs. regular label t(28)=-0.35, p=.73 (2-sided). We also found an effect on 

expected intensity for light vs. organic label, t(56)=-2.63, p=.0055 (see below, Figure 11B). 

 

 

 

 

 

 

 

 

 

 

Figure 11B: Effect of label on expected intensity ratings given by the subjects. 
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Wanting to consume: An effect was found for organic vs. regular label, t(28)=2.06, p<.05. 

No such effect was found for light vs. regular label, t(28)=-1.38, p=.09. We also found an 

effect on “wanting to consume” for light vs. organic label, t(56)=-2.82, p<.005 (Figure 

11C). 

 

Figure 11C: Effect of label on wanting to consume ratings given by the subjects.  

We did not find a significant effect of label of how much of the milk-drinks subjects would 

want to consume to feel full (scale from 0% to more than 200%) or of how much powder 

they added to the milk.  

During scanning 

Experienced Liking: An effect was found for light vs. regular label, t(28)=-2.93, p<.005; 

and for organic vs. regular label, t(28)=3.74, p<.001. We also found an effect on 

experienced liking on light vs. organic label, t(56)=-3.33, p<.001 (Figure 12A). 
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Figure 12A: Effect of label on taste pleasantness ratings given by the subjects. 

Experienced Intensity: An effect was found for light vs. regular label, t(28)=-3.66, p<.001; 

but not for organic vs. regular label, t(28)=0.05, p=.96 (2-sided). We also found an effect 

on experienced intensity on light vs. organic label, t(56)=-1.68, p<.05 (Figure 12B). 

 

 

Figure 12B: Effect of label on taste intensity ratings given by the subjects. 
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Reaction times: No significant effects of label or flavor on reaction times for both ratings 

were found in both data sets (see below, Figure 12C and D).  

 

 

 

 

 

 

 

 

 

Figure 12C: Effect of label on reaction times while subjects were entering a liking 

rating. 

 

 

 

 

 

 

 

 

 

 

Figure 12D: Effect of label on reaction times while subjects were entering an intensity 

rating. 
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8.4.2 fMRI data 

Model 1 (within group) 

Analysis within group during tasting: Comparison of regular vs. light labeled milk shakes 

reveals increased activity within the right ventral striatum [MNI (x/y/z): 6/2/-14] (Figure 

13A).Comparing regular vs. organic labeled drinks leads to an increased activity in the 

region of the left Operculum/Insula [-54/14/1] and left lOFC [-45/38/-2] (Figure 13B). For 

all active regions see Table 8. 

Table 8: Tasting; Regular vs. Light (p<.001 (uncorrected); k≥5). Regions marked with an asterisk 

survive peak and cluster SVC on p<.05. 

 

For visualization of the %-signal change in the ventral striatum (regular vs. light) or in the 

Operculum/Insula (regular vs. organic)a peristimulus time histogram (PSTH) for both 

contrasts was created, respectively (Figure 13C and D). 

 

 

 

 

Contrast Z / k x y Z 

Regular vs. Light     

R lingual gyrus 5.86 / 191 9 -79 1 

R ventral striatum 3.76 / 14* 6 2 -14 

L lingual gyrus 3.44 / 13 -24 -73 -11 

R parahippoc. gyrus 3.36 / 5 21 -40 1 

L parahippoc. gyrus 3.34 / 5 -24 -58 -8 

Regular vs. Organic     

L lingual gyrus 6.62 / 495 -6 -85 -5 

L operculum/Insula 4.17 / 15* -54 14 1 

L middle frontal gyrus (lOFC) 3.82 / 9 -45 38 -2 

R caudate 3.68 / 5 21 26 1 

L thalamus 3.31 / 11 -12 -16 19 
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Figure 13: Effect of labeling on brain activity. Regular vs. light labeling leads to activity in the 

ventral striatum (VS) (A) and regular vs. organic labeling leads to activity in the operculum/insula 

(OI) and lateral OFC (B); (p<.001 (uncorrected); k≥5). C and D are displaying the PSTH of the 

respective region. Error bars indicating SE. 

 

We also tested the reverse contrasts at a more liberal threshold of p<.01, k≥10. Light vs. 

regular labeled milk shakes led to increased activity within the lOFC; Organic vs. regular 

labeled milk shakes led to increased activity in the right dorsolateral prefrontal cortex 

(DLPFC). For all active regions see Table 9. For activity during announcing: see Table 10. 
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Table 9: Label-wise comparison during tasting (p<.01 (uncorrected); k≥10). Activations marked in 

italics survive p<.001 (unc.) k>=5. 

Contrast Z / Voxel x y Z 

Light vs. Regular     

Middle occipital gyrus 4.51 / 98 30 -94 4 

Superior temporal gyrus 3.60 / 43 -39 -52 22 

L cingulate gyrus 3.55 / 16 -24 -22 34 

L middle frontal gyrus (lOFC) 3.37 / 11 -33 38 1 

L inferior parietal lobule 3.30 / 14 60 -49 46 

L middle occipital gyrus 3.29 / 21 -33 -97 -2 

R claustrum 2.86 / 13 27 5 19 

L superior parietal lobule 2.76 / 11 -27 -73 58 

 Organic vs. Regular     

R superior temporal gyrus 3.29 / 12 45 11 -29 

R superior frontal gyrus (DLPFC) 3.03 / 11 15 56 25 

R cingulate gyrus 2.88 / 13 12 -34 25 

L superior frontal gyrus 2.67 / 12 -3 5 61 

 

 

Table 10: Label-wise comparison during announcing (p<.001 (uncorrected); k≥5). Note: Organic 

vs. Regular yielded no suprathreshold clusters. 

Contrast Z / Voxel x y Z 

Light vs. Regular     

R Precuneus 3.44 / 6 6 -25 19 

Regular vs. Light     

R calcarine sulcus 5.02 / 140 9 -91 4 

L calcarine  sulcus 4.30 / 47 -9 -91 1 

R middle frontal gyrus 4.03 / 5 33 41 -17 

L fusiform gyrus 3.55 / 14 -33 -46 -17 

L fusiform gyrus 3.52 / 5 -21 -76 -8 

Regular vs. Organic     

R calcarine sulcus 7.62 / 768 12 -94 4 

L superior frontal gyrus 3.50 / 5 -15 62 1 

 

Finally we used the individual peak beta value differences from the regular vs. light 

contrast in the ventral striatum and correlated them with the “disinhibition” factor from the 

“Three factor eating questionnaire”(N=29, r=0.325, p<0.043; Spearman-Rho; one-sided). 
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Other correlations were found insignificant – for all correlations regarding the two groups 

see Table 11. As we used four scales for correlation with the “disinhibiton” factor we 

controlled for false positives using the Bonferroni-Holm correction for multiple 

comparisons (Holm 1979). No p-value survived this correction; therefore all possible 

inferences must be carefully evaluated. 

Table 11: Correlations between the individual peak beta value differences from the Regular vs. 

Light contrast in the Ventral Striatum (Light-group), or from the Regular vs. Organic contrast in the 

Operculum/Insula region and the questionnaire data. 

 

 

 

 

 

 

 

Model 2 (parametric model) 

Analysis across both data sets during tasting: A correlation of experienced intensity 

ratings during tasting was found in the right Ventral Striatum, left Amygdala and right 

Insula (Figure 14A). Utilizing the entered experienced pleasantness ratings we found a 

correlation in the mOFC and mPFC (Figure 14B). For all correlations see Table 12. 

 

 

 

 

 

 

 

 

 

 

 

Questionnaire r< p< (1-sided) 

Light-group   

Hunger (FEV) .111 .283 

Disturbance (FEV) .325 .043 

Cognitive Control (FEV) .034 .431 

Buying frequency (Light-Products) .005 .490 

Organic Group   

Buying frequency (Organic Products) -.132 .247 
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Figure 14: A shows activity correlating with intensity- and B with 

pleasantness ratings during tasting across both data sets (p<.005 

(uncorrected); k≥5; for visualization).  
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Table 12: Parametric correlation between ratings of experienced pleasantness and intensity during 

tasting (p<.005 (uncorrected); k≥8). Regions marked in italic survive p<.001 (k≥5) and regions 

marked with an asterisk survive peak and cluster SVC on p<.05. 

Contrast Z / k x y Z 

pos. corr. Liking     

R superior frontal gyrus (mPFC/mOFC) 3.28 / 14* 24 50 -2 

L middle frontal gyrus (mOFC) 3.18 / 10* -18 38 -11 

L caudate  3.73 / 10 -33 -40 4 

L medial frontal gyrus 3.44 / 21 -15 38 28 

R cingulate gyrus 3.38 / 17 24 -46 25 

neg. corr. Liking     

R precuneus 2.90 / 10 6 -46 67 

pos. corr. Intensity     

L culmen  3.87 / 49 -6 -70 -11 

R precuneus 3.83 / 198 9 -49 61 

R Ventral Striatum 3.34/16* 15 8 -11 

R Insula 2.98/21* 39 -1 -5 

L Amygdala 2.96/9* -15 -4 -14 

R cingulate gyrus 3.77 / 12 6 -16 25 

L caudate 3.71/21 12 -28 25 

R cingulate gyrus 3.63/11 18 -10 46 

R fusiform gyrus 3.37/11 42 -16 -32 

R fusiform gyrus 3.28/17 48 -52 -17 

R postcentral gyrus 3.25/13 27 -37 46 

R caudate 3.20/8 12 23 7 

R inferior temporal gyrus 3.15/16 48 -22 -14 

L lingual gyrus 3.09/8 -27 -67 25 

L fusiform gyrus 3.08/24 -27 -61 -8 

R postcentral gyrus 3.05/8 45 -22 25 

R medial frontal gyrus 3.01/12 -9 -25 55 

R precuneus 2.99/20 9 -67 34 

R gyrus rectus 2.95/8 21 11 31 

R Culmen 2.93/15 18 -61 -14 
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For results of the parametric analyses within group with expected intensity and 

pleasantness ratings during anticipation and experienced intensity and pleasantness 

ratings during tasting see Tables 13 and 14, respectively.  

Table 13: Parametric correlation between ratings of expected pleasantness/intensity and 

anticipated taste after λ-optimization (p<.001 (uncorrected); k≥5). Based on behavioral data λ was 

optimized for pleasantness-ratings in the organic-group and for Intensity-Ratings in the light-group.  

Contrast Z / Voxel x y Z 

pos. corr. Liking (Organic-group; λ = .1)     

 L anterior cingulate/mPFC 3.52 / 7 -15 44 1 

neg. corr. Liking (Organic-group; λ = .1)     

R cuneus 3.69 / 14 3 -94 25 

pos. corr. Intensity (Light-group; λ = .7)     

L middle occipital gyrus 3.93 / 6 -42 -79 -5 

R middle frontal gyrus/mOFC 3.81 / 8 18 35 -8 

R ventral striatum 3.78 / 12 3 8 -5 

R cuneus 3.73 / 9 12 -91 13 

L fusiform gyrus 3.67 / 9 -30 -49 -17 

L precuneus 3.37 / 11 -24 -82 34 

L middle occipital gyrus 3.34 / 16 -27 -85 10 

R middle occipital gyrus 3.28 / 17 33 -67 31 

neg. corr. Intensity (Light-group; λ = .7)     

R caudate 3.95 / 8 24 -46 13 
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Table 14: Parametric correlation between ratings of experienced pleasantness and intensity during 

tasting (p<.001 (uncorrected); k≥5). Note: No positive correlations were found with liking and no 

negative correlations with intensity in the Light-Group; also no neg. correlation with liking and 

intensity in Organic Group were found. Regions marked with an asterisk survive peak and cluster 

SVC on p<.05. 

Contrast Z / Voxel x y Z 

neg. corr. Liking (Light-group)     

 R cingulate gyrus 3.52 / 7 15 -28 40 

pos. corr. Intensity (Light-group)     

R ventral striatum 3.87 / 11 3 11 -2 

R culmen 3.84 / 12 24 -52 -17 

R ventral striatum* 3.60 / 8 9 2 -17 

R hippocampus 3.43 / 5 24 -40 -2 

L culmen 3.41 / 7 -9 -70 -14 

pos. corr. Liking (Organic-group)     

L inferior frontal gyrus/mOFC* 4.53 / 32 -18 29 -11 

Thalamus 3.81 / 8 0 -31 -2 

R medial frontal gyrus/mOFC 3.61 / 6 6 38 -17 

Inslua 3.49 / 8 -42 -7 4 

L inferior temporal gyrus 3.43 / 5 -45 -67 -2 

L lingual gyrus 3.40 / 10 -12 -55 -5 

pos. corr. Intensity (Light-group)     

L caudate 3.61 / 8 -15 26 16 

 

8.5 Discussion 

Our hypothesis that light compared to regular labeled food decreases expected and 

perceived pleasantness and intensity ratings and organic compared to regular labeled 

food increases expected and experienced taste pleasantness are confirmed;  these 

results are also supported by neural activity. Importantly, neither the expected nor the 

experienced regular ratings differed between the organic and the light group; indicating 

that identically labeled drinks did not differ in perception between groups. We found in line 

with our hypothesis that during tasting regular compared to light labeled milk-drinks led to 

activity in the ventral striatum which was previously found in processing rewarding food 

and non-food stimuli (Knutson et al. 2005; Beaver et al. 2006; Knutson et al. 2007; 

Grabenhorst et al. 2008; Stoeckel et al. 2008). Moreover, regular vs. organic labeled milk-

drinks led to activity in aversion-related areas like the lOFC and operculum/insula (Rolls et 

al. 2003; De Araujo et al. 2005; Grabenhorst et al. 2010). Thus light or organic labeling 

can influence taste experience on the behavioral and on the neural level. Due to the 
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acquired pre-scanning expectancy ratings which were just as increased or decreased as 

the experienced taste ratings, the results suggest that a change in taste perception is 

based on a label specific taste-related expectation. This conclusion however, stands in 

contrast to traditional economic assumptions stating that experienced utility depends on 

the subject and on the intrinsic properties of the item (Kahneman et al. 1997); but the 

conclusion complies with previous behavioral and neuroimaging literature showing that 

expectations indeed change subsequent experiences and valuations (Wilson et al. 1989; 

Klaaren et al. 1994; Lee et al. 2006; Plassmann et al. 2008). 

Organic group 

The results that experienced pleasantness was higher during consumption of organic 

compared to regular labeled milk-drinks are in line with previous behavioral studies which 

found that reasons for organic food purchase are (among others) a better taste 

(Schifferstein and Ophuis 1998; v. Alvensleben 1998; Saba and Messina 2003; Baker et 

al. 2004); moreover, it was previously shown that subjects liked organic bread better with 

(labeled) or without (blind) information (Annett et al. 2008). 

Activity in the Operculum/Insula (regular vs. organic) and lOFC is also in line with 

predicted regions. A previous study investigating the reward value of fat (Grabenhorst et 

al. 2008) found negative correlations of flavor in both (Operculum/Insula and lOFC)  and 

of texture in one (Operculum/Insula) region. Furthermore experiments investigating odors 

found correlations between unpleasant odors and activity in the lOFC (Rolls et al. 2003; 

De Araujo et al. 2005). Interestingly, an investigation of hated compared to neutral faces 

found strong activations in the Operculum/Insula for hated faces (Zeki and Romaya 2008). 

Obviously, we did not employ a social paradigm as Zeki and colleagues, however, 

previous studies showed that indeed other motives (besides taste) are as well important 

for organic food purchase like environmental friendliness and health (Schifferstein and 

Ophuis 1998; v. Alvensleben 1998; Baker et al. 2004); thus it may be conceivable that 

products which are not loaded by these motives may appear to be disliked in general. This 

might be a reason for the absence of any negative correlations with taste pleasantness in 

these regions in the parametric analysis. 

For the reverse contrast (organic vs. regular) we hypothesized to find activity in reward 

related areas due to previous work investigating the effect of the original German organic 

emblem on food perception (see 7.). However, at a lower threshold we found activity in 

the DLPFC which is similar to the one reported in the previous study. A possible 

explanation why we did not find sufficient activity in the ventral striatum and DLPFC is that 

we specifically instructed the subjects to focus on the taste of the stimulus and not to 

evaluate the item as a whole as in the previous experiment; moreover, here, only the 

written label “Bio” and not the original emblem (which is usually seen on the real-market) 

was used. The written form however, might not be as strong as the original emblem in 

order to evoke all positive associations linked with the real-market logo of which an 

increased pleasantness of taste is only one.  
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A more sensitive way to look at which areas correlate with pleasantness and intensity is 

the parametric modulation. Our findings that subjectively entered ratings of taste 

pleasantness correlated with activity in the mPFC/mOFC (Table 14) is in line with previous 

studies investigating taste perception (Kringelbach et al. 2003; Small et al. 2003; 

Grabenhorst et al. 2008; Plassmann et al. 2008). However, we did not find activity in the 

ventral striatum correlating with intensity ratings like documented in the light-group. A 

reason might be that no significant difference in subjectively entered intensity ratings 

between organic and regular labeled milk-drinks was found; thus, intensity might not have 

played a primary role in evaluating the organic-regular but only the light-regular labels. 

Interestingly, we also found activity in the mPFC correlating with individually entered liking 

ratings during the expectation period (Table 13). This suggests – in line with the 

conclusions made in the light-group (see below) – that expectations may indeed exert 

influence on evaluation via activation of the same or related neural regions.  

Light group 

The finding that experienced pleasantness and intensity rose during consumption of 

regular labeled milk-drinks – signaling an increased fat and sugar content compared to 

light labeled milk-drinks – is particularly consistent with previous behavioral studies 

investigating taste as a function of nutritional content. It was shown that hedonic ratings of 

experienced taste rose with fat and sugar content of the stimulus (Drewnowsky and 

Greenwood 1983); moreover, healthy labeled food was perceived as tasting less good 

than unhealthy labeled food (Raghunathan et al. 2006) and the taste of low-fat labeled 

yoghurt was less liked (Wardle and Solomons 1994).  

Importantly, taste-related activity in the ventral striatum during regular compared to light 

labeled milk-drinks is consistent with previous imaging studies investigating perceived fat 

content. For example, actual fat content and subjective ratings of perceived fattiness 

correlated with activity in the ventral striatum (De Araujo and Rolls 2004; Grabenhorst et 

al. 2010). We also expected activity in aversion related areas in the light vs. regular 

contrast. At a lower threshold we found activity in a more lateral part of the OFC which 

was previously found to be involved in processing unpleasant taste and olfactory stimuli 

(Rolls et al. 2003; De Araujo et al. 2005; Grabenhorst et al. 2010).  

Our results of the parametric analysis specifically suggest that mainly the perceived 

intensity of a stimulus gives rise to ventral striatal activity because ventral striatal activity 

correlated with subjectively entered intensity (but not pleasantness) ratings (Table 14) 

which is in line with previous studies who found activity in the ventral striatum correlating 

with individual intensity ratings (Grabenhorst et al. 2008) or fattiness ratings (Grabenhorst 

et al. 2010). Despite a significant difference between light and regular labeled milk-drinks 

in pleasantness ratings we did not find brain activity correlating with pleasantness ratings 

in the mOFC/mPFC as it was established in the organic-group (see above) and by 

previous studies (Kringelbach et al. 2003; Small et al. 2003; Plassmann et al. 2008).  A 

possible explanation is that mainly taste intensity but not pleasantness may have been in 

the focus of subjects’ evaluation during tasting; thus taste pleasantness may be an 
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underrepresented measurement for investigating light and regular labeled foods. 

Interestingly, intensity (but not pleasantness) ratings also correlated with ventral striatal 

activity during the anticipation period (Table 13). This further strengthens the supposition 

that anticipation indeed influences experience on the neural level. It is conceivable that via 

coding expected intensity in the same brain area as the experienced intensity (it is in both 

times the ventral striatum) influence of anticipation on experience might be exerted.  

Importantly, the striatum has also been found to be involved in processing salient events 

(Zink et al. 2003; Zink et al. 2004; Zink et al. 2006; Cooper and Knutson 2008). Salient 

stimuli are characterized by particularly striking property for the subject e.g. high intensity 

(Downar et al. 2002; Weiner 2003; Zink et al. 2004). A previous study investigating 

saliency in a classification task found evidence for correlations with reaction times 

following sounds varying in novelty in the striatum (Zink et al. 2006). The authors 

reasoned that the reaction times could be an indirect marker for stimulus saliency. Here, 

we found a correlation of activity in the ventral striatum with individual intensity ratings, 

thus stimulus saliency may be represented by an increased expected and experienced 

intensity of the regularly labeled milk-drink. Indeed, salience is also dependent on the 

state of the subject; e.g. for a hungry subject food is much more salient than for a sated 

one (Weiner 2003). In this experiment subjects were hungry because they were fasting for 

at least 4h before the experiment began. It is therefore possible that the regular label 

increased the incentive saliency of the stimulus by signaling an increase in nutritional 

content (fat, sugar) and thereby influencing neural activity and behavior. In fact, the 

ventral striatum was found to process both valence and salience (Cooper and Knutson 

2008); moreover, dopamine in the ventral striatum was found to be involved in assigning 

incentive salience to reward cues (Flagel et al. 2011). 

This raises consequences for the light label which may thus be considered to be less 

salient or relevant for the subject due to its signaled decrease in fat and sugar content. If 

this is the case, it is conceivable that subjects take action to compensate for the 

decreased intake in nutritional content of light labeled foods. Here, subjects rated light 

labeled milk-drinks with a decrease in intensity and taste pleasantness; outside the MRI, 

they would probably not choose to eat light foods or they would increase the intake of light 

labeled food. In fact, previous studies found a paradox of increased consumption of “low-

fat” labeled or “healthy” primed food (Wansink and Chandon 2006; Geyskens et al. 2007; 

Provencher et al. 2009); moreover a decreased estimate in calorie content was found for 

food claimed to be healthy (Chandon and Wansink 2007). Our results that light compared 

to regular labeled milk-drinks lead to decreased activity in the ventral striatum and that 

ventral striatal activity correlates with intensity ratings might thus give additional neural 

based explanations to the paradox of light-food overeating. It is conceivable that a lack of 

calorie (fat and/or sugar) content in a food item – and/or the expectancy of it – is sufficient 

to decrease the experienced taste intensity/salience of the item which in turn decreases 

activity in the ventral striatum. This decrease in calorie-dependent reward-related activity 

might therefore lead to subsequent eating behavior to compensate for any expected or 

actual missing nutritional value. Interestingly, the “disinhibition” factor from the “Three 
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factor eating questionnaire” – high score means higher food intake – correlated positively 

with the peak beta value difference in the ventral striatum during the regular compared to 

the light contrast. Albeit this correlation did not survive the correction for multiple 

comparisons it might indicate that subjects who are easily disturbed by e.g. smell or sight 

of food also respond stronger to the labels either by decreased and/or increased activity in 

the ventral striatum. Interestingly, previous animal studies showed that the ventral striatum 

is linked to behavior regarding fat intake (Kelley et al. 2002) and food intake in general 

(Bakshi and Kelley 1993; Bodnar et al. 1995; Kelley et al. 1996).  

Taken together the results suggest that regular compared to light labeled food leads to an 

increased expected fat (and/or sugar) content which gives rise to an increased intensity 

perception that has its consequence in a reward related area: the ventral striatum. Thus, 

decreased activity in the ventral striatum due to light labeling might give rise to 

compensational overeating.  

Combined analysis 

Our results of the parametric analysis across both data sets are in line with our hypothesis 

and in coherence with previous studies investigating pleasantness and intensity of taste 

and odor. Despite the fact that we did not find correlations with pleasantness in the light 

group and with intensity in the organic-group data set we were able to demonstrate in a 

combined analysis – encompassing both data sets – that there are two different neural 

correlates representing pleasantness and intensity in taste perception; where 

pleasantness correlated with activity in the mOFC/mPFC and intensity with activity in the 

ventral striatum, amygdala and insula. These findings are in line with previous work 

favoring a separate network for taste or olfactory intensity and valence processing 

(Anderson et al. 2003; De Araujo et al. 2003; Kringelbach et al. 2003; Small et al. 2003; 

Grabenhorst et al. 2008; Grabenhorst et al. 2010). The reason why we did not find the 

same regions from the combined parametric analysis also in the parametric within data 

set analysis may be due to discrete taste characteristics underlying the light and organic 

label of which intensity appears to be mainly relevant for light (compared to regular) and 

pleasantness for organic (compared to regular) evaluation. Thus, only a combined 

analysis may have been sufficient to reveal all regions involved in processing taste 

intensity or pleasantness via an increase statistical power. 

Conclusion 

Our results suggest that the taste evaluation of identical milk-drink taste stimuli is 

influenced via organic, light or regular labeling and associated expectations. Regular 

compared to organic labeled drinks led to decrease in expected and experienced taste 

pleasantness but not intensity and to an increased activity in the operculum/insula and 

lOFC. Regular compared to light labeled drinks led to an increase in expected and 

experienced taste pleasantness and intensity and to an increased activity in the ventral 

striatum.  
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In the parametric analysis we showed that intensity and pleasantness are two important 

characteristics of taste perception of which pleasantness is coded in areas like the 

mOFC/mPFC. Intensity on the other hand correlated with activity in the ventral striatum, 

amygdala and insula. Interestingly, activity in a central reward related region – the ventral 

striatum – was correlating with intensity ratings during taste expectation and experience. 

An understanding of how label driven expectations are influencing human food perception 

and behavior might improve label policy decisions and food decisions in general. 

Especially in light of the increasing obesity epidemic in the United States and other 

western countries a better knowledge of the factors influencing food choice can help to 

reveal food borne paradoxes like overeating calorie reduced products. 
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9. General discussion 

The aim of this thesis is to investigate the neural correlates of influencing factors on 

economic decision making using the example of organic and light labeling. Due to 

widespread common knowledge about their meaning and thus their importance in daily 

food purchase decisions, persuasive information issued as organic and light labeling are 

suitable models for scientific investigation. A better understanding of which brain regions 

are involved in processing of this persuasive information might help to improve the 

understanding of human decision making with particular regard to daily food choices. 

In the first step this section will review and compare the main experimental results of the 

studies in order to address the general hypothesis (see 6.1). In the next step the general 

hypothesis will be discussed and viewed in relation to presented psychological and 

economic theory followed by the limitations of the findings and perspectives for future 

research. 

 

9.1 Comparing studies 

The following comparison of the studies should be seen as a descriptive comparison of 

the distinct and overlapping effects evoked by organic, light and regular food labeling in 

order to address the general hypothesis. This paragraph should not be seen as definite 

because no experiment was done in order to confirm or reject any assumptions made by 

comparing the results. 

 

9.1.1 All main experimental results  

Two experiments investigated the influence of food-related persuasive information 

displayed as organic, light or regular on food valuation. The influence on valuation was 

examined i) on the neural level looking at changes in brain activity and ii) on the 

behavioral level looking at changes in product related economic decision making. 

The 1st experiment showed that visually presented organic labeled food items – which 

were kept identical in appearance except for the emblem – led to an increase of ~44% in 

WTP compared to the regular counterpart. On the neural level organic labeling elicited an 

increased activity in a central reward-related area of the dopaminergic mesolimbic system, 

the ventral striatum. Moreover, interindividual activity in this region correlated with real-life 

organic food buying frequency. 

The 2nd experiment revealed that identical gustatory stimuli labeled organic, light or 

regular could modulate expected and perceived pleasantness and intensity. The organic 

emblem increased the expected and perceived pleasantness of the taste stimulus 

compared to the regular label while perceived intensity remained unaffected. Gustatory 

evaluation of foods labeled regular compared to organic led to an increase of neural 
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activity in the operculum/insula and the lateral OFC; moreover, a correlation between 

activity in the mOFC and reported pleasantness ratings was found. Light compared to 

regular labeling induced a decrease in expected and experienced pleasantness and 

intensity of light compared to regular labeled gustatory stimuli. Gustatory evaluation of 

foods labeled regular compared to light led to an increase in the ventral striatum; 

moreover, activity in the ventral striatum correlated positively with stated intensity ratings. 

Finally, a parametric analysis across both groups (organic and light) revealed that during 

gustatory evaluation pleasantness ratings correlated with activity in the mOFC and mPFC; 

intensity ratings correlated with activity in the Ventral striatum, Amygdala and Insula. 

 

9.1.2 Comparing organic labeling between experiments 

The 1st and the 2nd experiment investigated organic compared to regular labeling. In both 

experiments behavioral data indicated that organic labeled food was evaluated more 

positively than regular labeled food either by monetary bids (1st experiment) or by 

gustation-related expected and experienced pleasantness ratings (2nd experiment). In the 

1st experiment direct comparison of neural activity regarding the label contrast (organic vs. 

regular) revealed activity in a reward related area -the ventral striatum (during viewing). 

Apposite to this finding the 2nd experiment indicates activity (during tasting) in dislike 

associated areas like the Operculum/Insula and lateral OFC in the reverse contrast 

(regular vs. organic). Irrespective that these two findings are internally consistent, (reward-

related activity during the organic vs. regular contrast and dislike associated activity in the 

regular vs. organic contrast) a difference in brain area activation among the 1st and 2nd 

experiment in response to organic and regular labeling remains. 

In the 1st study the original organic emblem – which is prevalent in daily food purchase 

decisions – was used for organic food information, and in the 2nd experiment solely the 

linguistic information “organic” was used.  Thus, any possible positive associations with 

organic food purchase decisions (e.g. pleasant taste, a good feeling) would most likely be 

linked with the original organic emblem and not with written form. Interestingly, the 

emblem might therefore act as a conditioned reinforcer activating the ventral striatum. 

Indeed, the ventral striatum was shown to be involved in incentive conditioning (Cardinal 

et al. 2002; Everitt and Robbins 2005) which has already been debated in the discussion 

section of the 1st study. 

Another possibility for internally consistent yet differently activated brain areas is that the 

2nd experiment did not represent associations and motives for organic products in the 

same way as the 1st experiment due to the different setup of both studies. The 1st 

experiment captured all possible associations with organic compared to regular food 

products and hypothesized that they were collectively positive. In contrast, the 2nd 

experiment specifically investigated taste perception; therefore the subjects were 

particularly instructed to focus on the taste and not on other dimensions like 

environmental or health issues that are also connected with organic food (see 4.1). The 
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inclusion of taste, however, may lead to additional repercussions that might explain the 

absence of reward related activity in the ventral striatum in the 2nd but not in the 1st 

experiment. Subjects in the 1st experiment had a choice to evaluate the products and if 

they did not like one they were allowed to bid 0 € thus eliminating any possibility of 

receiving the product after the experiment (see 1st experiment for details). In the 2nd 

experiment subjects had no choice but to drink all drinks that were delivered to them 

despite subsequent taste ratings. This very difference might also have given rise to the 

effect that only in the 2nd experiment a neural correlate of displeasure in the 

operculum/insula and lateral OFC (associated with regular compared to organic labeling) 

was found. This may be due to the fact subjects had no choice but to drink the regular 

drink irrespective of liking or not. Implications for further studies in respect to this problem 

are outlined in the future perspectives paragraph (see 9.4). 

 

9.1.3 Comparing organic and light labeling between experiments 

The 1st experiment investigated organic compared to regular and the 2nd experiment light 

compared to regular labeling. In both experiments the condition indicating a higher 

subjective value for the subject – stated by ratings – activated the ventral striatum. In the 

1st experiment monetary bids and activity in the ventral striatum indicated that organic 

labeled food was evaluated more positively than regular labeled food. In the 2nd 

experiment gustation-related expected and experienced pleasantness and intensity 

ratings together with activity in the ventral striatum indicated that regular labeled food was 

evaluated more positively than light labeled food. 

The results suggest that food label information, although differing in meaning (organic or 

regular) and context (organic evaluated in regular context, regular evaluated in light 

context) are apparently able to elicit higher personal rewards of otherwise identical food 

items. The fact that such different label information results in ventral striatal activity 

suggests that this activity signals a general increase in reward value. This is consistent 

with literature showing that the ventral striatum signals an increase in reward value 

(positivity) in a variety of different food and non-food tasks (Knutson et al. 2005; Beaver et 

al. 2006; Knutson et al. 2007; Grabenhorst et al. 2008; Stoeckel et al. 2008). 

 

9.2 The general hypothesis 

The general hypothesis underlying the present studies assumes that organic compared to 

regular and light compared to regular labeled food influences the valuation of visually or 

flavorfully identical food stimuli. Any influence on valuation should be seen by i) 

associated neural correlations in reward-related areas or dislike associated regions and ii) 

by subsequent economic decision making. 
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The findings in the 1st experiment showed an increase in bid amounts and activity in the 

ventral striatum for foods labeled organic compared to regular. The 2nd experiment 

revealed an increase in expected and experienced taste pleasantness for foods labeled 

organic compared to regular and associated activity in the Operculum/Insula and lateral 

OFC in the reverse contrast. Moreover, a decrease in expected and experienced taste 

pleasantness and intensity for foods labeled light compared to regular and associated 

activity in the ventral striatum in the reverse contrast was shown. These findings are 

consistent with the general hypothesis. It could indeed be shown that in the two 

experiments food-related persuasive information displayed as organic/regular or 

light/regular influences i) neural activity in reward or dislike associated regions and ii) 

economic decision making. Importantly, the effects were shown despite the fact that the 

stimuli were visually or flavorfully identical, except for the label information. 

Previously reviewed theories of economics and psychology suggest that the influence of 

persuasive label information of organic and light may be exercised by information 

processing via heuristics or credence (see 3.1 & 3.2); moreover, a direct comparison 

between these theories indicate that heuristic and credence processing probably both 

favor a less effortful way based on belief in opposition to a timely and cognitive evaluation 

(see 3.3). However, in the 2nd experiment expected and experienced taste pleasantness 

and/or intensity likewise in- or decreased. Thus, an additional element exercising its 

influence on neural activity or economic decision making is revealed: expectations. 

Indeed, other studies also indicate that expectations can shape the experience and 

subsequent decisions – e.g. information about beer additives influences the expected and 

reported taste experience (Lee et al. 2006) and the expectation of a cartoon influences its 

evaluation (Wilson et al. 1989). Moreover, previous fMRI studies showed an effect of 

expectations on experienced taste or olfaction (De Araujo et al. 2005; Grabenhorst et al. 

2008; Plassmann et al. 2008). Yet, the inclusion of expectations is not necessarily in 

contradiction to the previously discussed possibilities of credence or heuristics; they may 

simply be a part of information processing via heuristics or credence. For example, the 

heuristic “longer arguments are stronger” (see 3.1) might have resulted in an expectation 

that longer arguments are usually right. Or imagine a consumer obtaining quality 

information of organic food via credence (meaning one cannot verify the organic 

production of the food; see 3.2) believes the indicated claims made by the producer thus 

expecting an organic product with increased quality. Deduced from this assessment it may 

be possible that expectations also played an important role in the 1st study because during 

the experiment the subjects saw differently labeled items that they could obtain after the 

experiment (depending on the height of their bid amount). Thus ventral striatal activity 

probably indicates an increased value expectation for organically labeled compared to 

regular labeled food. Indeed, the ventral striatum was found to play an important role in 

mediating expectations (Knutson et al. 2001; Knutson et al. 2001; Knutson et al. 2005). In 

any case, if expectations evoked by food labeling are able to modulate actual food 

experience then this may have implications for food labeling policies. 
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The fact that organic food labeling is able to change the visual evaluation and expected 

and experienced pleasantness of otherwise identical food items on the neural and 

behavioral level demonstrates the impact of food campaigns on food perception in 

general. Moreover, it shows that visual and gustatory food perception is influenced despite 

the fact that the organic emblem does not convey nutritional food information; instead it 

communicates advanced motives based on the production process like “environmental 

concern”, “animal treatment” and “no genetic engineering”. This raises the possibility that 

the consumer might care beyond the pure nutritional content of the product and includes 

other “ethical” values into food perception. This fact might therefore stress the importance 

of “ethical” labeling information on food products. Indeed, the results also suggest that in 

the future light labeling may have some implications regarding labeling policies. A 

decrease in expected and therefore experienced taste intensity of light labeled food may 

give rise to a change in eating behavior. Previous studies showed that low-fat (light) 

labeling or healthy primed food was associated with increased food intake (Wansink and 

Chandon 2006; Geyskens et al. 2007; Provencher et al. 2009); this suggests together with 

presented neural activity in experiment 2 that light labeled food is perceived as less 

rewarding and may be thus consumed more than regular labeled food even when the 

nutritional content is identical (experiment 2). Especially in light of the obesity epidemic in 

the United States and other western countries these findings may be of importance for 

labeling policies. 

 

9.3 Limitations 

Aside from technical and methodological limitations inherent in fMRI investigation, such as 

a poor temporal resolution due to physiological characteristics of the BOLD-signal 

(Logothetis et al. 2001) (see 11.1.4) and the possibility of severe motion artifacts induced 

by head motion (see 11.2.1), this section solely discusses which experimental task 

limitations should be taken into consideration. 

One critical limitation in the conducted experiments is that one cannot cleanly isolate all 

motives associated with organic, light or regular labeling due to the fact that all possible 

motives act in concert to produce a certain neural and behavioral response. Nevertheless, 

we correlated several questionnaires with brain activity; however, only one in the 1st 

experiment (organic food buying frequency) and one in the 2nd experiment (disinhibition 

factor) correlated with individual brain activity in the light-group (for interpretation see 

discussions of the 1st and 2nd experiment respectively). 

Another limitation is the use of the labels themselves: in the 2nd experiment only the 

written label and not the original pictograms were used. Due to the fact that the subjects 

were unfamiliar with the light emblem and because of an aspired combined data analysis 

of both groups (organic and light) the written form replaced the respective pictograms. 

Nevertheless, this choice induces additional problems because the results were not 

acquired by employing a real market label like in the 1st experiment. Hence any data 
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interpretation has to be carefully evaluated in this “non-market” context (for a discussion 

regarding the discrepancy in results and label usage between the 1st and 2nd experiment 

see 9.1.2). Other interpretative limitations with respect to the real market arise due to the 

use of the constructed regular pictogram (1st experiment) or the written form “regular” (2nd 

experiment). In the real market place no emblem at all is used to label regular food items 

– instead the products are often equipped with advertising and price information. The 

pervasiveness of advertising and price information in the real market may, however, 

introduce another limitation in translating the results to the real world because any 

advertising or price information was removed from the respective stimuli in all experiments 

in order to cleanly investigate the influence of organic, light and regular labeling – without 

any additional factors. Nevertheless, it was  shown that an increase in price led to 

increased perceived taste pleasantness of wine (Plassmann et al. 2008), and food 

advertising influenced children’s preference, purchase behavior and consumption as well 

as risk for getting overweight  (Hastings et al. 2003; Lobstein and Dibb 2005). Therefore, it 

is possible that outside the experimental setting real market advertising and brands act in 

concert with organic and light labeling, thus potentially leading to a product perception 

varying from the one investigated in these fMRI experiments. 

 

9.4 Future perspectives and implications 

The experiments revealed insights into how persuasive information issued as organic, 

light and regular food labeling information influences neural activity and economic 

decision making; however there are still a lot of further questions and ideas discussed in 

this paragraph which may lead to additional scientific investigation. 

The fact that persuasive label information exercises influence on stimuli perception, 

though there is no real difference between differently labeled stimuli, has previously been 

discussed. An already proposed and discussed mechanism appears to be via heuristics, 

credence and incorporated expectations; however an alternative explanation is that 

expectations may create a mental image of how the stimulus is supposed to be. In an 

early work it was shown that mental imagery and simultaneous perception of an object led 

to impairments in objects detection (Perky 1910), suggesting that the process of mental 

imagery interferes with perception. Similarly in this thesis stimulus perception was 

impaired by label information. Later work investigated mental imagery with imaging 

techniques and it was shown that early visual areas – which are active during perception – 

were also (and even more strongly) activated during imagery (Kosslyn et al. 1993). 

Moreover, visual areas were also involved in an experiment investigating a change in 

perceived line orientation under mental imagery (Mohr et al. 2009). Furthermore, it was 

shown that applying repetitive transcranial magnetic stimulation (rTMS) at the occipital 

cortex leads to impairments in mental imagery, thus suggesting a representation of mental 

images in areas which are also used for perception (Kosslyn et al. 1999). Similarly in this 

thesis, label information (despite the absence of actual stimuli difference) activates brain 

areas like the ventral striatum that has also been found active during perception of 
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different stimuli (Knutson et al. 2005; Beaver et al. 2006; Knutson et al. 2007; Grabenhorst 

et al. 2008; Stoeckel et al. 2008). Thus any label information may have evoked an 

expectation and simultaneously a mental image of the stimulus thereby influencing 

subsequent evaluation. However, as mental imagery was not a matter of investigation in 

the present thesis, this subject remains highly speculative but nevertheless deserves 

further investigation. 

The fact that subjects could influence subsequent product delivery via monetary 

evaluation in the 1st but not in the 2nd experiment leads to result discrepancies in neural 

activity between both experiments, which was already discussed in 9.1.2. Further studies 

might be able to match the 2nd experiment to the 1st in respect to “choice influencing 

product delivery” by including a choice dependent food delivery. It is conceivable that via 

the inclusion of such a choice dependent food delivery, the neural results of the 1st and 2nd 

study should be further in line. 

With respect to the findings in the experiment investigating light/regular labeled food 

perception (2nd experiment), it would be interesting to see if there is a connection between 

light food purchase, consumption and obesity – with a special focus on weight gain (or 

loss) after the subject’s start of light food purchase and consumption. Moreover, an fMRI-

experiment comparing obese and normal weight persons regarding the perception of light 

labeled food would be revealing. 

Another interesting issue is how other rather “abstract” products like warmth (thermal 

heat) or power (electricity) will be perceived after issues about the production method like 

conventional (e.g. atomic plant, coal power station) or renewable (e.g. solar panels, wind 

turbine, solar heat) are supplied. In light of the presented findings in this thesis it may be 

possible that warmth or power – though being identical because the temperature or power 

does not alter depending on the source – will differ in respect to the information applied. 
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10. Conclusions 

This thesis revealed in three separate experiments that persuasive label information 

issued as organic/regular and light/regular separately and consistently influences neural 

activity and economic decision making of otherwise identical products. Organic labeled 

foods were more positively perceived than regular labeled foods in respect to monetary 

and taste evaluations. Light labeled food items are seen as inferior to regular labeled 

foods in terms of taste. As health and ecological issues such as healthy eating and living 

are growing in importance and we are ubiquitously subjected to product information 

conveying health and ecological issues, this thesis attempted to shed light on the 

suggestibility of humans, in hopes of helping make better choices for nature, others and 

oneself. 
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11. Excursus19 

 

11.1 Physical and physiological basis of the MRI-signal 

Every atom that has an odd number of protons and/or neutrons exhibits a certain spin 

(rotation around its own axis) which results in a magnetic dipole moment and angular 

momentum. Every atom which has these two properties has a nuclear magnetic 

resonance property. In the human body the hydrogen atom – consisting of only one proton 

– occurs ubiquitously and is therefore used to act as a natural contrast agent. Application 

of a strong magnetic field – as used in MRI – causes protons to align their rotation axis 

parallel or anti-parallel to B0; moreover depending on the strength of the magnetic field 

they start to precess (wobble) around their axis in a specific frequency (Lamor frequency) 

– similar to the motion of a whirligig. If a radio frequency pulse (RF-pulse) of that 

frequency is applied in a 90° angle to B0 the rotation axis of the protons flips to the new 

angel and start to precess around their newly formed axis. This precession creates an 

alternating magnetic field thereby inducing an electric current which is called the MRI-

Signal. When the pulse is turned off the rotation axis reorients itself back to B0. This 

process is called “relaxation”. 

Via variation of the time interval between several RF-pulses (TR, time of repetition) and 

the time point of recording the signal (TE, echo time) one can effectively measure different 

anatomical tissues (T1 or T2 images) or functional effects (BOLD-effect in T2* images) in 

MRI. To that end, two characteristics of the proton relaxation process are used: vertical 

(longitudinal) and horizontal (transversal) relaxation. Both relaxations occur partly 

simultaneous; however, the horizontal relaxation is faster than the vertical. 

 

11.1.1 T1 and T2 relaxation  

After termination of the RF-pulse the protons initially precess in phase but quickly 

dephase horizontally due to spin-spin interactions (T2 decay) and local inhomogeneities in 

the magnetic field (both called T2* decay). Simultaneously protons vertical realign with B0 

(T1 decay). 

11.1.2 Vertical relaxation (T1 anatomical image) 

In order to neutralize the T2 decay and to increase the T1 contrast, a second 180° RF-

pulse is applied to rephrase the protons during acquisition time. As the T1 decay is tissue 

specific – cerebrospinal fluid > 2000 ms, white matter = 600 ms – and only sufficiently 

relaxed protons can be excited again and contribute to the MRI-signal, white matter 

                                            
19 The excursus is based on knowledge from following text book: (Huettel et al. 2009). Therefore, 
all uncited content within this “Excursus” paragraph is derived from that source.  
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induces the highest signal and water the lowest. To capitalize on this tissue-specific 

relaxation effect T1 weighted images have a short TR (~500 ms) and a short TE (~5 ms). 

 

11.1.3 Horizontal relaxation (T2 anatomical image) 

In T2 images – after the 180° pulse – a longer TE (~25 ms) is used to capitalize on 

different tissue-specific T2 decay times (cerebrospinal fluid = 2000 ms, white matter = 80 

ms). To minimize the T1 contrast a long TR (~2000 ms) is used to ensure that all protons 

are sufficiently realigned with B0 and can be excited again. Cerebrospinal fluid (a 

homogenous substance and consisting of mostly water) induces the highest signal 

because it exhibits a reduced T2 decay, white matter consisting of cellular axons induces 

the lowest signal.  

 

11.1.4 BOLD-effect (T2* functional image of fMRI-data) 

T2* images are similarly measured as T2 images though no 180° RF-pulse is applied to 

eliminate early dephasing of protons. Instead this measurement uses the early dephasing 

to get a signal in brain regions bearing a difference in concentration between oxygenated 

(oHb) and deoxygenated (dHb) hemoglobin (Ogawa et al. 1990). dHB – in contrast to oHb 

– is paramagnetic (oHB is diamagnetic) and leads to local inhomogeneities in the 

magnetic field, therefore to a quicker proton dephasing and ultimately to a lesser MRI-

signal (in this context called “Blood oxygen level dependent” = BOLD-signal). As it was 

shown that neural activity stands in linear relationship to the BOLD-signal, this signal can 

be used to investigate brain activity (Logothetis et al. 2001).  

The BOLD-signal in response to a stimulus is also called a “hemodynamic response” and 

can be described as a two gamma function (Friston et al. 1998). In the first few seconds 

the amount of oHb decreases due to local oxygen consumption of the underlying neurons 

resulting in a reduced BOLD-signal which is sometimes called “initial dip” (Malonek and 

Grinvald 1996; Kim et al. 2000). The rising demand in oxygen evoked by neural activity is 

subsequently covered by oxygenated blood supplied by the regional cerebral blood flow 

(rCBF) (Ogawa et al. 1992). During arrival of the rCBF the amount of oxygen is too high to 

be consumed instantaneously by the neurons therefore the BOLD-signal increases and 

reaches its maximum after ~5 seconds. After passing the maximum the BOLD-signal 

decreases and eventually falls below baseline (“undershoot”) until returning to it (Kwong et 

al. 1992; Ogawa et al. 1992). Thus, the BOLD-signal is stronger in active compared to 

lesser active neural regions because the former experience an increase in oxygenated 

blood (Logothetis et al. 2001). 

Importantly, all previously mentioned measuring techniques (T1, T2& T2*) cannot be 

applied holistically (meaning one shot to cover the hole brain at once) to the brain – thus, 

the whole brain is partitioned into separately acquired slices consisting of numerous 
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voxels (cubicles). Because of these procedures and other reasons outlined subsequently 

fMRI-data must be preprocessed before any functional inference can be drawn. 

 

11.2 Data preprocessing and analysis  

Data preprocessing and analysis was performed via SPM5 (1st study) or SPM8 (2nd study) 

software (Wellcome Department of Imaging Neuroscience, Institute of Neurology, London, 

UK). All subsequently stated processing and analyzing steps are functions of the SPM5 

and SPM8 software package. 

 

11.2.1 Preprocessing 

The first step in data processing is usually the slice scan time correction (STC) which 

compensates for the fact that the whole brain is measured “slice by slice” instead of being 

acquired instantaneously. This time difference of the MRI-signal between measuring the 

first and the last slice is resolved by interpolating the MRI-signal from chronologically 

nearby slices to a reference point e.g. TR/2 (half of the repetition time).  

The second step is the motion correction or “realignment” which corrects for subject 

specific head movement during scanning by reorienting all recorded images on a 

reference image (e.g. the first recorded image) via rigid-body transformation. This 

transformation has three translation and three rotation possibilities and assumes that all 

images have the same size and shape. In my understanding there is no precise 

instruction when one disregards the data with respect to large head motion; however, 

experience shows that jerky movements larger then >3 mm should be carefully evaluated 

and potentially be disregarded.  

The third step is the normalization of each brain to the standard MNI template (Montreal 

Neurologic Institute template) to correct for interindividual brain sizes and differences in 

anatomy. This correction warps the brain from each subject to a standard space (e.g. MNI 

or Talairach space) making group analyses possible.  

The last step is a spatial smoothing of the data with a Gaussian filter of a specified width. 

This is done in order to reduce signal noise as well as to improve the validity of statistical 

tests by minimizing the number of independent local maxima due to spatial correlation of 

signal intensities20.  

 

 

                                            
20 The effect of spatial smoothing on further statistical tests is described below in the paragraph 
„correction for multiple comparisons“. 
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11.2.2 Analysis 

The general linear model 

In order to make inferences of the measured BOLD-signal in relation to the test stimuli a 

general linear model (GLM) is applied voxel-wise to the preprocessed data. The GLM 

attempts to explain the observed variance in the BOLD-signal with a (user)-specified 

model that is usually composed of the onset time points and durations of the applied 

stimuli. The GLM is thereby dissecting the BOLD-signal into two main variances where the 

first is the variance of the model and the second the variance of the error. The 

mathematical model is described as follows: 

γ = β0 + β1 χ1+ β2 χ1 + M βnχn + ε 

In this equation “γ” is the measured BOLD-signal (observed data) which is explained by 

the predictors “χn” (encompassing onset time points and duration) times the weighted beta 

values βn. For the best signal explanation the standard method of least squares is used. 

Unexplained variance resides in the error “ε”. The term β0 reflects the mean BOLD-activity 

over the whole experiment. In order to examine if the applied model fits to the data a 

statistically significant difference between the explained model variance – expressed by 

the predictor multiplied by the beta values – and the error variance is required.  

Due to the fact that the GLM is estimated voxel-wise and there is a huge amount of voxels 

present in the data statistical tests should be corrected for multiple comparisons (MCs) to 

avoid results that are solely significant due to chance. Two famous methods dealing with 

the problem of MCs in fMRI are i) the False Discovery Rate (FDR) (Genovese et al. 2002) 

and ii) the Family wise Error rate based on Gaussian random field theory (FWER) 

(Worsley et al. 1996; Nichols and Hayasaka 2003).  

 

Correction for multiple comparisons 

1. FDR-correction (Genovese et al. 2002): The FDR-correction takes the amount of 

expected false discoveries into account (α-error). For example, in 400 independent test 20 

events would meet the significance criterion of p<.05 solely due to chance. For correction 

all voxels are ranked according to their p-values – giving the voxel with the smallest value 

the index “1” (p1) and the one with the highest value the index “v” (pv).  

p1 ≤ p2 ≤M.≤pv 

For each voxel a corrected threshold (pi) based on the FDR (q) (e.g. p=.05), the rank (i) 

and the number of independent tests (V) will be derived.  

pi ≤ iq / V 

All p-values below the threshold are significantly FDR-corrected.  
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2. FWER-correction (Worsley et al. 1996; Nichols and Hayasaka 2003): The FWER-

correction corrects for the number of independent tests performed in a given dataset. In 

fMRI-data this would result in a very rigorous correction since the statistical tests are 

performed voxel-wise. Due to several reasons e.g. spatial smoothing or head motion it is 

argued that the significance values of adjacent voxels are highly correlated with each 

other and cannot be viewed as independent. A way to determine the “real” number of 

independent spatial units is the Gaussian random field theory which bases its result of the 

number of independent tests on the smoothness (correlation) of the data.   

R = (χ * γ * Ζ) / V3 

Where R is the “real” number of independent comparisons (also called resolution 

elements = resels), χ * γ * Ζ is the voxel matrix of the dataset and V the smoothness. The 

higher the smoothness of the data the smaller is the number of resels. Both corrections – 

FDR and FWER – are common in the SPM software packages used in this thesis. 

Moreover, corrections for MCs can be conducted on the whole brain level or within an 

anatomically or functionally specified region of interest (ROI) (Poldrack 2007). However, in 

ROI-analyses it is important that the ROI has to be defined a priori based on hypotheses 

(Poldrack 2007) and not due to revealed activations during analyses. If the latter is chosen 

one risks circular analyses and erroneous statistical inferences (Vul et al. 2009). 
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12. List of abbreviations 

ACC  Anterior cingulate cortex 

AR(1)  Autoregressive  

BOLD  Blood oxygen level dependent signal 

dHb   deoxygenated hemoglobin 

DLPFC  Dorsolateral prefrontal cortex 

EPI  Echoplanar imaging 

FDR   False discovery rate 

FWER  Family wise error rate 

fMRI  Functional magnetic resonance imaging  

GLM  General linear model 

HRF  Hemodynamic response function 

HSM  Heuristic systematic model 

IAT  Implicit association test 

lOFC  lateral orbitofrontal cortex 

MCs  Multiple comparisons 

mOFC  Medial orbitofrontal cortex 

mPFC  Medial prefrontal cortex 

MNI  Montreal neurologic institute 

OFC  Orbitofrontal cortex 

OI  Operculum/insula 

oHb  oxygenated hemoglobin 

PFC  Prefrontal cortex 

PSTH  Peristimulus time histogram 

rCBF  Regional cerebral blood flow 

ROI  Region of Interest 

rTMS  Repetitive transcranial magnetic stimulation 

STC  Slice scan time correction 

TE  Echo time 

TR   Time of repetition 

VS  Ventral striatum 

VTA  Ventral tegmental area 

WTP  Willingness to pay 
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13. Appendix 

 

13.1 Questionnaires  

 

Fragebogen Gesundheit 

 

Kreuzen Sie bitte zutreffendes an 

 

Wie viel rauchen Sie? 

1. Ein oder mehr als ein Päckchen am Tag.  [  ] 

2. Weniger als ein halbes Päckchen am Tag. [  ]  

4. Ich rauche nicht. [  ] 

 

Wie viel Alkohol trinken Sie in der Woche (ein Glas Bier/Wein oder harten 

Alkohol z.B. Schnaps)? 

1. Mehr als 14 alkoholische Getränke in der Woche. [  ] 

2. Weniger als sieben alkoholische Getränke in der Woche.[  ] 

3. 7-14 alkoholische Getränke in der Woche. [  ] 

 

Wie viel Koffein nehmen Sie am Tag zu sich (Kaffee, Tee, Cola etc.)? 

1. Sechs oder mehr Tassen/Gläser am Tag. [  ] 

2. Etwa drei Tassen/Gläser am Tag. [  ] 

3. Eine oder weniger als eine Tasse/Glas am Tag. [  ] 

 

Wie oft essen Sie Fleisch (ohne Fisch)? 

1. Mehr als vier Mal in der Woche.[  ] 

2. Drei bis vier Mal in der Woche. [  ] 

3. Null bis zwei Mal in der Woche. [  ] 

 

Ich macheE....... pro Woche Sport. 

1. Null bis zweimal [  ] 

2. Mehr als viermal  [  ] 

3. Zwei bis viermal [  ] 

 

Ich lese die Inhaltsstoffe auf den Nahrungsmitteln 

1. Niemals [  ] 

3. Manchmal [  ] 

4. Immer [  ] 

 

Ich macheE....... pro Woche Sport. 
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1. Weniger als zwei Stunden [  ] 

2. Mehr als sieben Stunden [  ] 

3. zwei bis sieben Stunden [  ] 

 

Ich achte darauf mich fettbewusst zu ernähren. 

1. Niemals [  ] 

2. Manchmal [  ] 

3. Immer [  ] 

 

 

Wie oft kaufen Sie Bio-Lebensmittel? 

 

1. Niemals [  ] 

2. Selten [  ] 

3. Manchmal [  ] 

4. Oft [  ]  

5. Immer [  ] 

 

Wie oft kaufen Sie kalorienreduzierte-Lebensmittel?  

1. Niemals [  ] 

2. Selten [  ] 

3. Manchmal [  ] 

4. Oft [  ]  

5. Immer [  ] 

 

13.2 Subject Instructions for Experiment 2 

The instructions for the organic and light group were identical, except for the designation 

of the milk-drinks (e.g. organic swapped with light or vice versa) and for the description 

(e.g. meaning of light and organic products). Therefore this instruction is using only one 

example: the organic group. Sections which are different for the light group are marked 

with: 

“### START LIGHT GROUP ###” and “### END LIGHT GROUP ###” 

 

 

Information zur Teilnahme an der wissenschaftlichen Untersuchung  

„Neuronale Grundlagen der Geschmackswahrnehmung“ 

Verantwortlicher Arzt: Dr. med.  Bernd Weber 

 

Department of NeuroCognition, Life and Brain Center und Klink für Epileptologie, 

Universitätsklinikum Bonn 
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Liebe Probandin, lieber Proband, 

 

Das vorliegende Informationsschreiben ist zweigeteilt. Im ersten Teil wird Ihnen der Inhalt 

sowie das Ziel dieser Studie erklärt. Im zweiten Teil bekommen sie eine genaue 

Beschreibung zum Ablauf im Scanner. Bitte lesen Sie diese zwei Teile aufmerksam durch; 

sich eventuell ergebende Fragen können im Anschluss geklärt werden. 

 

 

1. Teil  

 

Ziel und Ablauf der Studie 

 

Ziel dieser Studie ist es Ihre Geschmackswahrnehmung bei verschiedenen Milch-

Getränken zu untersuchen. Es werden Ihnen unterschiedliche Milch-Getränke, die in 

naher Zukunft auf dem deutschen Markt eingeführt werden sollen, zur Verkostung 

angeboten. 

 

Im Verlaufe dieser Information werden wir Sie bitten, sich Ihr eigenes Milch-Getränk 

zuzubereiten; anschließend – während Sie im Tomographen liegen – werden wir Ihnen 

verschiedene Getränke geben und Sie darum bitten, diese entsprechend Ihrer 

Geschmackswahrnehmung zu bewerten. 

 

Insgesamt werden Sie vier unterschiedliche Getränke in zwei Geschmacksrichtungen 

probieren. Am Ende der Studie – wenn Sie nicht mehr im Tomographen sind – werden wir 

Ihnen weitere Fragen zu den Getränken und zu Ihrer Persönlichkeit stellen. 

 

 

 

 

Unterschiedliche Getränke 

 

Während des Experiments werden Sie vier unterschiedliche Milch-Getränke und eine 

Wasserlösung zur Geschmacksneutralisierung verköstigen. Die Milch-Getränke 

unterscheiden sich hinsichtlich ihrer Geschmacksrichtung: „Kakao oder Vanille“ und 

hinsichtlich ihrer Herstellung: „Konventionell (Normal) oder Ökologisch produziert (Bio-

Produkte)“. 

 

 

Info zu den konventionell (normal) produzierten Lebensmitteln: 
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„Normal“ produziert bedeutet, dass diese Lebensmittel unter den gängigen Richtlinien zur 

Lebensmittelproduktion hergestellt wurden.  

 

 

Info zu den ökologisch produzierten Lebensmittel (Bio-Lebensmittel): 

 

Da es auf dem freien Markt sehr viele verschiedene Bio-Symbole gibt, und wir uns in 

dieser Studie auf einen einheitlichen Standard beschränken wollen, verwenden wir hier 

Lebensmittel, die nach dem europäisch anerkannten Standard von Bio-Lebensmittel 

produziert wurden und durch das staatliche Bio-Siegel angezeigt werden. (www.bio-

siegel.de; Logo s.u.) 

 

 

 

 

 

 

 

Die hier verwendeten Bio-Lebensmittel sind gegenüber der normalen Variante ökologisch 

produziert; ansonsten sind sie vergleichbar (z.B. gleiche Menge an Zucker). 

 

Bio bedeutet gegenüber der normalen Variante: 

�keine künstlichen Zusätze 

�ohne chemisch-synthetische Pflanzenschutzmittel 

�artgerechte Tierhaltung 

�keine Gentechnik 

�regelmäßige staatliche Kontrollen der herstellenden Betriebe 

 

“### START LIGHT GROUP ###” 

 

Info zu den kalorienreduzierten Lebensmitteln (Light-Lebensmittel): 

 

Da es auf dem freien Markt sehr viele verschiedene Light-Symbole gibt, und wir uns in 

dieser Studie auf einen einheitlichen Standard beschränken wollen, verwenden wir hier 

Lebensmittel, die nach dem international anerkannten Standard von Light-Lebensmittel 

produziert wurden (www.bewusst-waehlen.de; Logo s.u.).  
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Die hier verwendeten Light-Lebensmittel sind gegenüber der normalen Variante 

kalorienreduziert; ansonsten sind sie vergleichbar (z.B. keine Verwendung von 

Süßstoffen). 

 

Light bedeutet gegenüber der normalen Variante: 

� weniger Zucker (≤ 5g/100g) 

� weniger Fett (≤ 1,54g/100g) 

� Nährwerte basieren auf internationalen Ernährungsempfehlungen 

� Überprüfung dieser Empfehlungen durch einen wissenschaftlichen Rat alle zwei Jahre 

 

“### END LIGHT GROUP ###” 

 

Sehr wichtig! 

 

Im Scanner wird die geschriebene Information „Bio“ für Bio Milch-Getränke  

 

und 

 

„Normal „für konventionell hergestellte Milch-Getränke verwendet. 

 

 

Liste der in dieser Studie verwendeten Getränke: 

 

 

Kakao, normal hergestellt („Kakao Normal“) 

- steht für vollen Genuss 

Kakao, ökologisch hergestellt („Kakao Bio“) 

- steht für vollen natürlichen Genuss 

Vanille, normal hergestellt („Vanille Normal“) 

- steht für vollen Genuss 

Vanille, ökologisch hergestellt („Vanille Bio“) 

- steht für vollen natürlichen Genuss 

 

“### START LIGHT GROUP ###” 

 

Liste der in dieser Studie verwendeten Getränke: 

 

1) Kakao, normaler Kaloriengehalt (“Kakao Normal”). 

- steht für vollen Genuss 

2) Kakao, kalorienarm (“Kakao Light“) 
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- steht für gesunden (kalorienreduzierten) Genuss 

3) Vanille, normaler Kaloriengehalt (“Vanille Normal”). 

- steht für vollen Genuss 

4) Vanille, kalorienarm (“Vanille Light”). 

- steht für gesunden (kalorienreduzierten) Genuss 

 

“### END LIGHT GROUP ###” 

 

 

Zubereitung ihrer eigenen zwei Milch-Getränke 

 

 

Wir würden Sie nun gleich darum bitten das erste ihrer Milch-Getränke zuzubereiten und 

zwar die Geschmacksrichtung “Kakao Bio”. 

 

Bevor Sie jedoch beginnen sich eigenes Milch-Getränk mixen, würden wir Sie noch bitten 

die folgenden Fragen zu beantworten: 

 

Fragen zur Geschmackserwartung 

 

Bitte beantworten Sie die folgenden Fragen auf Grund Ihrer Vorstellung (Erwartung) wie 

ein Milch-Getränk der Sorte “Kakao Bio” schmeckt. Sie können gerne am Pulver riechen 

oder eine Fingerspitze probieren. 

 

 

Ich habe folgende Erwartungen an ein Milch-Getränk der Sorte “Kakao Bio”: 

 

 

1= überhaupt nicht        9= sehr lecker 

      lecker   
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1= überhaupt nicht           9= sehr  

     geschmacksintensiv         geschmacksintensiv 

 

 

 

 

 

 

1= will ich überhaupt         9= will ich sehr  

     nicht gerne trinken             gerne trinken  

 

 

 

 

 

 

 

Stellen Sie sich bitte nun vor, dass Sie dieses Milch-Getränk der Sorte “Kakao Bio” als 

Zwischenmahlzeit am Nachmittag (gegen 15:00 Uhr) zu sich nähmen und bis zum 

Abendessen nichts anders (gegen 19:00 Uhr) zu sich nehmen werden. Bitte geben Sie 

an:  

 

• Wie viel von dem Glass vor Ihnen würden Sie trinken wollen, damit Sie sich gut 

gesättigt fühlen (d.h. keinen Hunger bis zum Abendessen haben würden)? 

�Bitte zutreffendes unterstreichen. 

 

0% 20% 40% 60% 80% 100% 120% 140%  160% 180% 200% mehr als 200% 

 

 

Jetzt können Sie ihr eigenes Milch-Getränk der Sorte “Kakao Bio” zubereiten. 

 

Hinweis zur Zubereitung: 

 

�In dem Glas vor Ihnen befinden sich 200 ml Milch mit normalem Fettgehalt und 

die Schüssel enthält das Pulver der Sorte “Kakao Bio”. Sie können so viel Pulver 

in die Milch geben wie sie möchten. Bitte rühren Sie das Pulver kräftig um, bis es 

sich komplett in der Milch aufgelöst hat. Die Empfehlung des Herstellers für diese 

Milchmenge sind ca. drei Teelöffel. 

 

BITTE JETZT GETRÄNK MIXEN!  

 

Wir würden Sie nun gleich darum bitten das zweite Ihrer Milch-Getränke zuzubereiten 

und zwar die Geschmacksrichtung “Vanille Normal”. 
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Bevor Sie jedoch beginnen sich Ihr eigenes Milch-Getränk mixen, würden wir Sie noch 

bitten die folgenden Fragen zu beantworten: 

 

Fragen zur Geschmackserwartung 

 

Bitte beantworten Sie die folgenden Fragen auf Grund Ihrer Vorstellung (Erwartung) wie 

ein Milch-Getränk der Sorte “Vanille Normal” schmeckt. Sie können gerne am Pulver 

riechen oder eine Fingerspitze probieren. 

 

Ich habe folgende Erwartungen an ein Milch-Getränk der Sorte “Vanille Normal”: 

 

1= überhaupt nicht        9= sehr lecker 

      lecker   
 

 

 

 

 

 

1= überhaupt nicht           9= sehr  

     geschmacksintensiv         geschmacksintensiv 

 

 

 

 

 

 
1= will ich überhaupt         9= will ich sehr  

     nicht gerne trinken             gerne trinken  

 

 

 

 

 

Stellen Sie sich bitte nun vor, dass Sie dieses Milch-Getränk der Sorte “Vanille Normal” 

als Zwischenmahlzeit am Nachmittag (gegen 15:00 Uhr) zu sich nähmen und bis zum 

Abendessen nichts anders (gegen 19:00 Uhr) zu sich nehmen werden. Bitte geben Sie 

an:  

 

• Wie viel von dem Glass vor Ihnen würden Sie trinken wollen, damit Sie sich gut 

gesättigt fühlen (d.h. keinen Hunger bis zum Abendessen haben würden)? 

�Bitte zutreffendes unterstreichen. 
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Jetzt können Sie ihr eigenes Milch-Getränk der Sorte “Vanille Normal” zubereiten.  

 

Hinweis zur Zubereitung: 

 

�In dem Glas vor Ihnen befinden sich 200 ml Milch mit normalem Fettgehalt und 

die Schüssel enthält das Pulver der Sorte “Vanille Normal”. Sie können so viel 

Pulver in die Milch geben wie sie möchten. Bitte rühren Sie das Pulver kräftig um, 

bis es sich komplett in der Milch aufgelöst hat. Die Empfehlung des Herstellers für 

diese Milchmenge sind ca. drei Teelöffel. 

 

Ganz am Ende des Experiments wählen wir ein zufälliges von uns gemixtes Getränk aus, 

von dem Sie dann so viel trinken können wie Sie möchten. 

 

BITTE JETZT GETRÄNK MIXEN! 

 

Ihr zufällig ausgewähltes Getränk  

 

ist______________________________________ 

 

2. Teil 

 

Wir können nun mit dem zweiten Teil des Experiments beginnen. Bitte lesen Sie die 

folgenden Instruktionen ganz genau durch und stellen Sie uns sich eventuell ergebende 

Fragen. 

 

In diesem Teil des Experiments wird Ihnen beschrieben wie Sie die vier unterschiedlichen 

Milch-Getränke – die Sie schon aus dem ersten Teil des Informationsschreibens kennen – 

im Tomographen verköstigen und bewerten. 

 

Zur Erinnerung die Liste der vier Getränke: 

 

Kakao, normal hergestellt („Kakao Normal“) 

- steht für vollen Genuss 

Kakao, ökologisch hergestellt („Kakao Bio“) 

- steht für vollen natürlichen Genuss 

Vanille, normal hergestellt („Vanille Normal“) 

- steht für vollen Genuss 

Vanille, ökologisch hergestellt („Vanille Bio“) 

- steht für vollen natürlichen Genuss 
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“###START LIGHT GROUP###” 

1) Kakao, normaler Kaloriengehalt (“Kakao Normal”). 

- steht für vollen Genuss 

2) Kakao, kalorienarm (“Kakao Light“) 

- steht für gesunden (kalorienreduzierten) Genuss 

3) Vanille, normaler Kaloriengehalt (“Vanille Normal”). 

- steht für vollen Genuss 

4) Vanille, kalorienarm (“Vanille Light”). 

- steht für gesunden (kalorienreduzierten) Genuss 

“###END LIGHT GROUP###” 

 

Während Sie im Magnetressonanztomographen sind werden wir Sie bitten die Getränke 

entsprechend Ihrer Geschmackswahrnehmung zu bewerten.  

 

Experimentablauf 

 

Im Tomographen werden Sie jedes der vier verschiedenen Milch-Getränke 12 mal 

verköstigen. Dafür verwenden wir ein Schlauchsystem, das mit unterschiedlichen 

Nahrungsmittelpumpen im Kontrollraum des Magnetressonanztomographen verbunden 

ist. Dieses Pumpensystem erlaubt uns Ihnen die Milch-Getränke in präzisen Abständen 

und Mengen zu verabreichen. Zusätzlich zu den vier Milch-Getränken („Kakao Normal“, 

„Kakao Bio“, „Vanille Normal“,„Vanille Bio“) werden Sie eine geschmacksneutrale Wasser-

Lösung zur Geschmacksneutralisierung am Ende jedes Durchgangs bekommen. 

 

Bitte beachten Sie:  

 

1. Um die höchsten Hygiene-Standrads zu wahren wechseln wir die Schläuche nach 

jedem Probanden. 

 

2. Sie werden ~1ml des jeweiligen Milch-Getränks pro Durchgang erhalten. Dies 

entspricht in der Summe (nach dem Experiment) ca. einem viertel Glass. Obwohl dies 

nicht viel ist, verspüren Probanden manchmal den Drang auf Toilette zu gehen. Bitte 

gehen Sie darum, bevor Sie sich für diesen Teil des Experiments fertig machen, 

vorsichtshalber auf Toilette. 

 

Damit Sie den Geschmack der unterschiedlichen Getränke bestmöglich wahrnehmen, ist 

Ihre Hauptaufgabe im Scanner wie folgt: 
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1) Halten Sie das Getränk in Ihrem Mund bis wir Sie bitten zu schlucken. Nur so 

kann sich der Geschmack voll entfalten. 

 

2) Während Sie das Getränk im Mund haben, konzentrieren Sie sich bitte auf 

den Geschmack des Getränks. Wir sind insbesondere daran interessiert, wie 

lecker Sie das Getränk empfinden und wie geschmacksintensiv. 

 

Während des Experiments werden Sie ein Mundstück (dünner Schlauch) in Ihrem Mund 

halten. Es ist sehr wichtig, dass Sie dieses Mundstück mit Ihren Zähnen in einer 

komfortablen Position halten (aber bitte nicht zusammendrücken), so dass Sie es 

während des Experiments moeglichst NICHT bewegen müssen.  

 

Jeder Durchgang ist wie folgt aufgebaut 

 

1. Es wird Ihnen auf dem Bildschirm angezeigt, welches der vier Milch-Getränke Sie 

als nächstes verköstigen werden. Hierfür sehen sie jeweils eins der folgenden 

Bilder. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Anschließend werden Sie ~1ml des jeweilig gezeigten Getränks für 10 Sekunden 

verköstigen. Gleichzeitig wird Ihnen erneut gezeigt, um welche Getränkeart (Bio 

oder Normal) es sich handelt; diesmal aber ohne erneuten Schriftzug Kakao oder 

Vanille, dafür aber mit Hinweis „schmecken“.  
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WICHTIG! BITTE FOLGENDES BEACHTEN:  

 

• Schlucken Sie das Getränk bitte nicht sofort herunter, sondern lassen Sie den 

Geschmack auf der Zunge entfalten. Dies ist eine sehr wichtige Komponente des 

Experiments. Wann Sie schlucken dürfen wird Ihnen nach 10s durch das Wort 

„schlucken“ mit folgendem Bild  angezeigt. 

 

 

 

 

 

 

 

• Bitte bewegen Sie während der Verköstigung das Getränk auf Ihrer Zunge hin und 

her, OHNE den Kopf dabei zu bewegen. Dies ist sehr wichtig für die Qualität der 

Messung. 

• Während Sie das Getränk auf Ihrer Zunge hin und her bewegen, achten Sie bitte 

darauf, dass sich das Getränk auf dem mittleren Teil der Zunge befindet, wo die 

meisten Geschmacks-Rezeptoren sind und Sie sich nicht verschlucken können. 

• Bitte stellen Sie sicher, dass Sie Ihren Kopf während der ganzen Zeit – auch 

während des Schluckens – nicht, oder nur so wenig wie möglich bewegen. 

• Konzentrieren Sie sich bitte auf den Geschmack des Getränks während Sie es auf 

Ihrer Zunge hin und her bewegen. 

• Bitte warten Sie bis das Getränk in Ihren Mund gepumpt wird. Bitte saugen Sie es 

nicht aus dem Schlauch, wie Sie dies mit einem Strohalm machen würden. 

 

 

3. In manchen Durchgängen werden wir Sie darum bitten zu beurteilen, wie lecker 

Sie das Getränk fanden. Auf dem Bildschirm sehen Sie das unten gezeigte Bild 

mit dem Worte: „Lecker“ Bitte benutzten Sie zur Bewertung eine Skala von  

1=überhaupt nicht lecker bis 9=sehr lecker.  

 

4. In allen anderen Durchgängen werden wir Sie darum bitten die 

Geschmacksintensität des gerade bekommenen Getränkes zu beurteilen. Auf 

dem Bildschirm sehen Sie das unten gezeigte Bild mit dem Wort: „Intensiv“ Bitte 

benutzten Sie dazu eine Skala von  
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1=überhaupt nicht intensiv bis 9=sehr intensiv.   

  

 

 

 

 

 

 

 

 

Wichtig – Was bedeutet Geschmacksintensität? Eine Speise oder ein Getränk kann 

einen intensiven Geschmack (z.B. voller (süßer) Geschmack, stark und kraftvoll), oder 

einen nicht intensiven Geschmack haben (z.B. wässrig, dünn oder fad). Bitte geben 

Sie Ihre Bewertung entsprechend ab. 

 

� Sie können Ihre Bewertung abgeben, indem Sie den weißen Bewertungskasten 

mittels linken Zeigefingers nach links (runter) und mittels des rechten Zeigefingers 

nach rechts (hoch) bewegen. Bitte bestätigen Sie ihre Bewertung mit dem rechten 

Daumen. 

� Der Startpunkt des weißen Kastens wird bei jedem Durchgang komplett zufällig 

zwischen 2 und 8 gesetzt. Insofern stellt dies absolut keinen 

Bewertungsanhaltspunkt dar. 

 

� Für Ihre Bewertung haben sie theoretisch so lange Sie wollen Zeit, aber es ist 

sehr wichtig, dass Sie so SCHNELL WIE MÖGLICH bewerten, da wir an Ihrer 

intuitiven momentanen Geschmackswahrnehmung interessiert sind. 

 

5. Am Ende jedes Durchgangs werden wir Ihnen eine geschmacksneutrale Wasser-

Lösung geben, damit sie den Geschmack des Getränks neutralisieren können. 

Dies wird Ihnen durch das Wort „ausspülen“ angezeigt.  

 

 

 

 

 

 

 

6. Bitte halten Sie auch das Wasser solange auf der Zunge bis wir Sie bitten es 

herunter zu schlucken. Dies wird Ihnen durch das Wort „schlucken“ angezeigt.  

 

 

 

 



Appendix 

 

95 

7. Danach beginnt wieder ein neuer Durchgang 

 

Zur Sicherheit wird es im Scanner aber noch ein paar Übungsdurchgänge geben, um Sie 

vollständig mit dem Experimentablauf vertraut zu machen. 

 

Falls Sie noch Fragen zum Experiment haben zögern Sie bitte nicht diese jetzt an uns zu 

stellen. 
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